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Executive Summary 

The TrainDL project aims to provide policy recommendations for integrating the 

subjects of data literacy (DL) and artificial intelligence (AI) into teacher university ed-

ucation, as well as professional development programmes for teachers. The project 

applies an action research approach to design, deliver and evaluate DL and AI teacher 

trainings in three countries: Austria, Germany, and Lithuania. The project comprises 

three intervention rounds targeting computer science teachers as well as teachers 

from other subjects at the primary and secondary levels. During the first round of 

interventions (2021-2023) focusing on computer science (CS) teachers, a comprehen-

sive review of European educational policies was undertaken to assess the integra-

tion of DL and AI into teacher education. Based on this analysis, as well as additional 

feedback from stakeholders in the three countries, the TrainDL team developed and 

carried out teacher trainings for pre- and in-service CS teachers at the secondary 

level. This report includes the evaluation results of the four trainings within the first 

round. The evaluated trainings included three 7-hour sessions conducted between 

June 2022 and January 2023 in Berlin, Germany; Vilnius, Lithuania; and Vienna, Austria. 

Additionally, in November 2022 a 3-hour training session, split over two days, was 

held specifically for pre-service CS teachers in Berlin, Germany. Within the trainings, 

pre- and in-service CS teachers were introduced to such topics as machine learning, 

classical AI, and data lifecycle.   

 

The evaluation of training sessions mainly focused on in-service CS teachers and 

their ability to integrate DL and AI into their classrooms post-training. Additionally, 

the evaluation included the pre-service CS-teacher session aimed at fostering posi-

tive attitudes towards DL and AI. Training sessions were evaluated using pre- and 

post-training surveys, DL and AI self-assessment and knowledge tests, and semi-

structured interviews conducted immediately and approximately six months post-
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training. We used a mixed methods approach, combining quantitative data on partic-

ipants' characteristics and competences with qualitative insights from teacher inter-

views. The qualitative interviews primarily focus on the overall training feedback and 

experiences of, as well as barriers to integration of DL and AI into the classroom. The 

evaluation for the 3-hour pre-service training was simplified, consisting solely of the 

post-training survey. 

 

The quantitative results of the evaluation showed, that the trainings in all three 

countries had some positive impact on teachers' perceived competences on how to 

use AI content in class, as well as teachers' understanding of AI concepts introduced 

in the training. For the DL content, mostly composed of the data lifecycle topic and 

the Orange3 tool, the results were mixed: improvements in this area demonstrated 

high variability with no evident increase post-training. On average, compared to DL 

(specifically the topic of data lifecycle using the Orange3 tool), AI topics and exercises 

were perceived to be more suitable for teaching in the classroom.  

 

Participants in all three countries tend to agree, that DL and AI content is missing 

in the current CS curriculum. Furthermore, they agree on the societal importance of 

the DL and AI topics and expect these subjects to generate substantial student inter-

est and engagement. However, there is not enough evidence to argue that a single 7-

hour training session is sufficient for the integration of DL and AI topics into teaching 

as measured immediately after the training. The follow-up data from Germany, col-

lected ca. 6 months after the training and limited to a very small sample size of seven, 

suggest that the integration of DL and AI topics can be challenging for those who did 

not teach these topics prior to the TrainDL training. The follow-up data-collection and 

analysis in Lithuania and Austria is ongoing and will be described in the final report.  

 

The qualitative findings across the three countries demonstrated that teachers 

recognize the urgency to integrate DL and AI into teaching and curriculum framework, 

given their societal, political, and practical relevance. However, the primary step for 
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such integration is training teachers to gain sufficient proficiency in these two areas, 

DL and AI. 

 

Participants in all three countries reported that the TrainDL training served as a 

valuable introduction to AI and DL. However, the depth and complexity of certain 

topics, especially in the realm of AI, were challenging for participants. Exercises in-

volving the Orange3 tool consistently received mixed feedback. While some found it 

suitable for teaching, others saw it to be rather complex, another critique involved its 

graphical interface and lack of programming as deterrents for more advanced stu-

dents. 

 

In all three countries, participants highlighted a difficulty of integrating DL and AI 

into their teaching. While teachers felt more prepared to do so after the TrainDL train-

ing, the integration would require further engagement with the material. A single 7-

hour course is not enough to ensure integration of DL and AI into teaching, especially 

if teachers did not teach these subjects prior to the training. Teachers expressed a 

strong desire for concrete course plans and materials tailored to specific grade levels 

to streamline integration into teaching and reduce their preparation workload. 

 

In every country, teachers emphasize the urgent need to incorporate DL and AI into 

the CS framework curriculum. Some teachers argue for integrating DL and AI not only 

into CS classes but also into other non-CS subjects. In Germany and Austria, educa-

tors recommend making CS a compulsory subject in secondary education. In Lithua-

nia, there's a suggestion to introduce CS already at the primary level (as it is a com-

pulsory subject for the lower secondary level). In all the countries, teachers pointed 

out the challenges of revising the already content-heavy curriculums to make room 

for DL and AI, stressing the importance of reprioritising content. At the same time, 

there's a shared understanding that merely adding DL and AI to the curriculums won't 

ensure, that teachers are immediately adept at teaching them, underscoring the con-

tinuous need for teacher training.  
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Most teachers agree that a single 7-hour training is not sufficient to acquire suffi-

cient competences to teach DL and AI in class. At the same time, some teachers have 

difficulties attending even a one-day training, due to their teaching responsibilities 

and high workload. Therefore, the challenge lies in designing a training program that 

is both comprehensive and flexible. Such a program could be modular and spread 

over multiple sessions, allowing teachers to grasp the complexity of DL and AI at their 

own pace, without compromising their teaching hours. It is also crucial to understand 

and address the underlying factors that motivate and incentivise teachers to priori-

tise such training amidst their already demanding roles. 

 

Teachers also voiced concerns about readily accessible Large Language Models 

(LLMs), particularly regarding academic integrity. This underscores the need for com-

prehensive AI support, not only in terms of teaching methodologies but also in regu-

lar teaching practices (e.g., assessment). 

 

For the only pre-service training in Berlin, the quantitative post-survey results 

show overwhelmingly positive attitudes towards incorporating DL and AI into future 

teaching among the surveyed pre-service teachers. 

 

The overall positive feedback of the TrainDL training as a starting point of intro-

duction to DL and AI, coalesced with teachers' strong belief in the high relevance of 

DL and AI for teachers, students, and society at large, suggests a promising possibility 

for the integration of these subjects into the classroom. However, the identified lim-

itations of this study, such as the small sample size and limited variation in the for-

mat, underline the need for more comprehensive research to refine and optimise 

such teacher training programs. Furthermore, the challenges brought to the fore-

ground - such as for example, teacher workload, rapid technological advancements, 

and limited capacity of the framework curriculum - offer an opportunity to reflect on 

the design of future training and respective policies. 
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Introduction  

The TrainDL project aims to provide policy recommendations for integrating the 

subjects of data literacy (DL) and artificial intelligence (AI) into teacher university ed-

ucation, as well as professional development programmes for teachers. To achieve 

this, the project adopts an iterative approach to design, deliver and evaluate teacher 

trainings. The project comprises three intervention rounds targeting computer sci-

ence (CS) teachers as well as teachers from other subjects at the primary and sec-

ondary levels. During the first round of interventions focusing on CS teachers, a com-

prehensive review of European educational policies was undertaken to assess the 

integration of DL and AI into teacher education (see Deliverable 1.9). Based on this 

analysis as well as additional feedback from stakeholders in Germany, Lithuania, and 

Austria (see Deliverable 1.6) the TrainDL team developed teacher training for pre-

service and in-service CS teachers at the secondary level (see Deliverable 2.3). This 

report presents the evaluation results of the first round of interventions, focusing on 

the implemented training concepts targeting pre- and in-service computer science 

(CS) teachers at the secondary level. The evaluated trainings included three 7-hour 

sessions conducted between June 2022 and January 2023 in Berlin, Germany; Vilnius, 

Lithuania; and Vienna, Austria. Additionally, in November 2022, a 3-hour training ses-

sion, split over two days, was held specifically for pre-service CS teachers (university 

students) in Berlin, Germany. Within the trainings, pre- and in-service CS teachers 

were introduced to such topics as machine learning, classical AI, and data lifecycle 

(see Deliverable 2.3 for further details).   

 

The evaluation of the first intervention round primarily focuses on teachers' ca-

pacity to integrate the acquired content on DL and AI into their teaching, as measured 
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immediately after the trainings. The follow-up data collection, conducted approxi-

mately six months after the training session, provides additional insights into the 

actual integration or lack thereof of these topics into teaching.1  

 

To evaluate the training sessions, the following instruments were used:  

 

• The evaluation survey administered before and immediately after the training, 

as well as six months after the respective training as a follow-up; 

• The DL and AI self-assessment and knowledge test, which includes both self-

assessment and knowledge questions on DL and AI, administered before and 

immediately after the training; 

• The semi-structured personal and online interviews administered right after 

the training and approximately six months after the training (as a follow-up).  

 

Table 1 presents an overview of the evaluated training sessions and the evaluation 

instruments used. Since the 3-hour training for the pre-service teachers in Berlin was 

not the main focus of the evaluation, it was evaluated only via the post-evaluation 

survey and pre- / post-self-assessment and knowledge test.   

 

Date  Location  Target 

group  

Duration  Evaluation instruments used Number of 

participants 

13.06.2022 Berlin, 

Germany 

Pre- and 

in-service 

CS teach-

ers at the 

7 hours • (Pre- and post-) evalua-

tion survey 

• (Pre- and post-) DL and 

AI self-assessment and 

knowledge test 

24 

 
1 While the follow-up data-collection and analysis for the CS training in Germany is completed, the 

analysis of the follow-up in Lithuania and Austria is still ongoing and will be incorporated into the 

final report (D4.7). 
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secondary 

level  

• Semi-structured per-

sonal interviews 

• Six-month follow-up: 

evaluation survey 

• Six-month follow-up: 

semi-structured online 

interviews  

02-

03.11.2022 

Berlin, 

Germany 

Pre-ser-

vice CS 

teachers 

at the 

secondary 

level 

3 hours • Post-evaluation survey 

• (Pre- and post-) DL and 

AI self-assessment and 

knowledge test 

25 

10.12.2022 Vilnius, 

Lithuania 

In-service 

CS teach-

ers at the 

secondary 

level 

7 hours • (Pre- and post-) evalua-

tion survey 

• (Pre- and post-) DL and 

AI self-assessment and 

knowledge test 

• Semi-structured per-

sonal interviews 

21 

31.01.2023 Vienna, 

Austria 

In-service 

CS teach-

ers at the 

secondary 

level 

7 hours • (Pre- and post-) evalua-

tion survey 

• (Pre- and post-) DL and 

AI self-assessment and 

knowledge test 

• Semi-structured per-

sonal interviews 

25 

Table 1 Overview of the evaluated trainings of the first intervention round: date, location, target group, duration, 

evaluation instruments used, number of participants 

This report is structured into seven primary sections. The first section delineates 

our research questions and hypotheses, outlines the evaluation methodology for the 

trainings, and describes the data collection instruments used. The outcomes for each 

training are detailed separately in sections 2 through 5. Finally, sections 6 and 7 wrap 

up the report, presenting a comprehensive summary of the salient findings across all 

trainings and discussing limitations. 
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1. Methodology  

Deliverable 4.3 includes a detailed description of the methodology and research 

questions and hypotheses used for all three intervention cycles. With the objective 

of gaining insights into the scarcity of teacher training programs on AI and DL and 

bridging this gap, the project opted for an action research methodology (Baskerville 

and Wood-Harper 1996; Burns 2010). Action research is characterized by its iterative 

nature, involving multiple rounds of planning, action, observation, feedback, and re-

flection. This report specifically addresses the research questions related to the first 

round of interventions designed for secondary CS pre- and in-service teachers. 

Though the evaluation of the training sessions primarily geared towards in-service 

teachers centred on their capacity to integrate DL and AI into their classrooms, an 

extra pre-service CS session was also assessed, with the goal of promoting positive 

attitudes towards DL and AI. This first intervention consists of the three steps: 

 

Phase 1 - Understanding Practice: The project team conducted research on the 

integration of AI and DL in school education and explored the availability and com-

mon practices of teacher training for CS teachers. Furthermore, the project examined 

educational policies and engaged with policymakers and stakeholders from Germany, 

Austria, and Lithuania to identify relevant factors for teacher education in the context 

of AI and DL.  

 

Phase 2 - Deliberate Improvements: Based on the findings from the first step, a 

teacher training concept for CS pre- and in-service teachers at the secondary level, 

was developed.  

 

Phase 3 - Implementation and Observation of Improvements: The trainings were 

implemented in Germany, Austria, and Lithuania. To assess the effectiveness of the 

training sessions, we have evaluated them using methods and data described below. 
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To evaluate the three 7-hour CS trainings, we followed the procedure outlined in 

Figure 1. To gain a more nuanced understanding of the trainings' impact, we employed 

a mixed methods approach following a concurrent nested design suggested by Cre-

swell and Plano Clark (2018). This design allowed us to enrich and clarify our quanti-

tative findings using qualitative data. The quantitative data were primarily used for 

the examination of the participants' characteristics and changes or lack thereof in 

teachers’ perceived competences on how to use DL and AI in class as well as their 

understanding of these concepts introduced during the training. Additionally, quali-

tative interviews with the teachers provided additional insights into their experiences 

and perspectives on the training effectiveness. They also highlighted the teachers' 

expectations for future training content and identified barriers to DL and AI integra-

tion into the classroom. Additionally, participants offered suggestions for policy 

changes that could better facilitate the inclusion of DL and AI into their teaching. The 

follow-up data collection further illuminated the ability to integrate DL and AI into 

the teaching, and also examined relevant contextual factors and obstacles. The eval-

uation of the additional 3-hour pre-service training followed a more simplified pro-

cedure, omitting the pre-evaluation survey, qualitative interviews, and follow-up data 

collection: only a post survey was conducted. 

 

Figure 1  Overview of the evaluation process for each 7-hour training session 

To ensure the privacy of participants while still enabling the linkage of pre-, post- 

and follow-up datasets, participants were requested to create a unique pseudony-
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misation code (see Appendices 1-5 for translated versions of the surveys for Ger-

many2), which they were required to enter or recreate during each subsequent round 

of data collection. This approach allowed for the protection of participants' privacy 

while maintaining the ability to connect and analyse the various datasets. Both the 

survey data and interview data were collected following informed consent, which in-

cluded comprehensive information about anonymization, data storage, retention pe-

riod, potential publication of anonymized data, and the option for participants to 

withdraw their consent and have their data deleted. The project did not require any 

personal data from the teachers, so no questions pertaining to personal information 

were included. Any personal information present in the interview transcript (such as 

place of work or names) was removed. Contacting potential respondents for the fol-

low-up data collection is being done via local partners, eliminating the need to collect 

and store contact information.  

 

The following definitions of DL and AI were used in the project and shared with the 

training participants, particularly in the evaluation surveys:  

 

• DL is the ability to systematically handle data and consciously utilize and ques-

tion them in the respective context. This includes the competences to collect, 

explore, manage, analyse, visualize, interpret, contextualize, evaluate, and ap-

ply data (Ridsdale et al. 2015). 

• AI encompasses various technologies and methods that deal with the automa-

tion of intelligent behaviour such as decision-making, problem-solving and 

machine learning. 

 

In the training, the focus of DL primarily revolved around the concept of the data 

lifecycle. 

 
2 Questionnaires and interview guides in Germany, Lithuania, and Austria were almost identical with 

exception of the country-specific questions (e.g., types of schools, states, subject names).  
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1.1 Quantitative data: research questions, instruments, and analysis 

The quantitative data of the first intervention cycle was primarily used to address 

the hypothesis 1 and 43, derived from the two research questions:  

 

(1) What is the effect of the designed one-day DL and AI training on the ability of in-

service CS teachers with a solid background in CS to integrate DL and AI into their 

classes? 

(2) What is the effect of the designed lecture on DL and AI teaching methodologies on 

the attitudes of pre-service CS teachers towards integrating AI and DL into their future 

teaching? 

 

Table 2 describes the two guiding hypotheses used for the first intervention round. 

The first hypothesis for in-service CS trainings, deals with teachers’ ability to incor-

porate DL and AI into their teaching. Integrating learned content after the training 

into teaching is a process that takes time. Therefore, the most suitable measures for 

such integration are the ones over an extended period. However, given the ongoing 

nature of the follow-up data collection and the anticipated low response rate inher-

ent in contacting training participants six months post-training, the quantitative part 

of this report primarily focuses on perceived ability to integrate DL and AI into the 

classroom measured immediately after the training. Specifically, we looked at the 

following aspects with a focus on both pedagogical content knowledge and content 

knowledge:  

 

• (pedagogical content knowledge) teachers' perceived competences on how 

to use DL and AI content in class, and 

• (content knowledge) teachers' understanding of DL and AI concepts intro-

duced in the trainings.  

 
3 Numbers of the hypotheses refer to the Deliverable 4.3, where each developed hypothesis was as-

signed a number. 
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Hypothesis # as assigned in Delivera-

ble 4.3 

Hypothesis text  

Hypothesis # 1 If in-service CS teachers with a solid back-

ground in CS participate in a one-day DL and AI 

teacher training workshop, they then are able 

to integrate DL and AI in their CS classes. 

Hypothesis # 4  If pre-service CS teachers participate in a spe-

cific lecture on DL and AI teaching methodolo-

gies, they then have positive attitudes towards 

integrating DL and AI into their future teaching. 

Table 2 Guiding project hypothesis used for the first round of interventions for the pre- and in-service CS teach-

ers in Berlin, Germany; Vilnius, Lithuania, and Vienna, Austria 

For the pre-service CS training, we have looked at several post-survey items devel-

oped specifically for this training, with a focus on attitudes towards teaching DL and 

AI.  

 

Additionally, for the CS in-service teachers we have looked at the following aspects 

that can clarify and complement the main findings: 

 

• teachers' expectations about students' interest and their perceived ability to 

generate student interest and engagement for the topics of DL; 

• teachers' feedback on the learned content and format of the training. 

 

The quantitative data were also used to collect information on the socio-demo-

graphic characteristics of the participants. As random assignment to trainings was 

not possible, understanding the participants' characteristics was crucial for interpret-

ing the findings and addressing potential selection bias. Each country's partner was 

tasked with internally advertising the training sessions, aided by local partners. 
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To collect quantitative data, we have used two instruments:  

 

• the pre- and post-evaluation survey developed by the University of Potsdam, 

and  

• the DL and AI self-assessment and knowledge test, developed by the Freie Uni-

versität Berlin 

  

To analyse the pre- and post-data, we employ descriptive statistics and the Wil-

coxon signed-rank test. This test uses mean ranks to assess, whether there is a sta-

tistically significant difference between two related samples: the pre- and post-

measures, taken from the same individuals. If the Wilcoxon signed-rank test is statis-

tically significant, this supports the conclusion that there is a difference between the 

pre- and post-measures. However, the test statistic and p-value from the Wilcoxon 

signed-rank test do not tell us the direction of the difference (i.e., which group has 

higher values). Therefore, to interpret the differences, we will look at the descriptive 

statistics with a focus on measures of variability for non-parametric data - median 

and interquartile range (IQR) that describes where the middle 50% of the data falls. 

To visualize the data we mostly use boxplots (that display the median, IQR, and pos-

sible outliers), which are very useful in comparing distributions between groups (i.e., 

pre- and post-measures as well as differences between the countries).  

 

The benefit of using related samples (measures from the same individuals for pre- 

and post-data collection) is that it reduces variability caused by individual differ-

ences. As a result, it potentially lowers the sample size requirements. However, it's 

important to note that our samples are small, so results should be interpreted with 

caution.  While small sample sizes notably limit the generalizability of the study, they 

provide indications of trends within the sample and can be valuable when combined 

with the qualitative results of the interviews. Despite the consistent format and con-

tent of the 7-hour training across the three countries, we opted not to merge the data 
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and analyse the results separately for each country. This was due to significant vari-

ances in the school systems, the integration levels of DL and AI, teacher education, 

and potential cultural differences among the targeted countries. 

 

The evaluation survey:  
The questionnaires (see Appendices 1-2) included information on demographics 

(e.g., sex and age), educational background, type of the school where in-service teach-

ers are employed, teaching hours and subjects, experience with DL and AI as well as 

attitudes towards these topics, expectations and the perceived ability to generate 

student interest. Also included are: engagement for the topics of DL, teachers' feed-

back on the learned content and format of the training, and most importantly teach-

ers' perceived competences on how to use DL and AI in class. The follow-up survey 

for the in-service teachers focused on the actual integration of the content into the 

classroom.  

 

The perceived competences on how to use DL and AI in class were measured via 

the following pre- and post-survey items. 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"): 

 

• [measured in the pre- and post-survey] "I know how to use content about 

DL in the classroom." 

• [measured in the post-survey] "I know how to use content about AI in the 

classroom." 

 

In the post-evaluation survey the following items were included to provide additional 

insights on the aspect of pedagogical content knowledge and potential for DL and AI 

integration: 
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• [measured in the post-survey] "After the training, I have gathered enough 

competences to teach the learned content in class." 

• [measured in the post-survey] "I am willing to invest time and effort to in-

corporate AI into my teaching." 

 

The post-evaluation survey included a series of questions to assess participants' re-

actions to the topics and materials/exercises covered in the training: 

• [measured in the post-survey] “How suitable did you find the choice of the 

topics on introducing DL and AI for your teaching?” (1-not suitable at all – 6 

very well suited): 

- Classical AI 

- ML (reinforcement, supervised, unsupervised learning) 

- Data lifecycle and fundamentals of statistical data analysis and in-

tegration  

• [measured in the post-survey] How suitable did you find the practical ex-

amples from the workshop for your teaching? (1-not suitable at all – 6 very 

well suited) 

- AI or not? AI Bingo 

- Shopping cart game 

- Beat the robot 

- The good monkey-bad monkey exercise  

- Project work on data analysis and interpretation using Orange3 

 

For the hypothesis 4 targeting the pre-service CS training, the following items on 

attitudes towards DL and AI were included into the post-evaluation survey: 

 

• [measured in post-survey] "After the lecture and seminar on November 2nd 

and 3rd, here is my attitude towards handling DL and AI in my future teach-

ing: (1) - very negative, (2) – negative, (3) - slightly negative, (4) – neutral, (5) 

- slightly positive, (6) – positive, (7) - very positive.” 
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• [measured in the post-survey] "Do you want to integrate DL and AI into your 

future teaching? (1) – not at all - (6) – definitely"  

 

The web-based surveys were programmed in QUAMP survey software (versions 

3.4.07 – 4.4.3). Table 3 provides an overview of the response rates for the pre-, post-, 

and the follow-up versions of the evaluation survey for each training sessions: 

 

Training Number of 

participants  

Number of participants completed the 

survey (%) 

Number of partic-

ipants completed 

the follow-up sur-

vey (about 6 

months after the 

training) 
Pre Post Both 

13.06.2022, Berlin, 

pre- and in-service 

CS teachers 

24 23 (96%) 21 (88%) 20 (83%) 7 (30%)  

02-03.11.2022, Berlin, 

pre-service CS 

teachers 

25 - 18 (72%) - Follow-up survey 

was not planned 

10.12.2022, Vilnius, 

in-service CS teach-

ers 

21 21 (100%) 17 (81%) 16 (76%)  Follow-up survey 

was scheduled  

31.01.2023, Vienna, 

in-service CS teach-

ers 

25 19 (76%) 15 (60%) 14 (56%) 7 (28 %) 

Table 3 Response rates for the evaluation survey for each of the trainings: number and % of participants, who 

completed the test prior to the training, after the training, and both the pre- and post-versions 
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The DL and AI self-assessment and knowledge test: 

The AI and DL self-assessment and knowledge test includes 25 self-assessment 

questions (15 for DL dimension and ten for AI dimension with a scale from "1" – 

strongly disagree to "5" – strongly agree) and 14 objective knowledge questions (four 

for DL dimension and ten for AI dimension) on understanding of the DL and AI con-

cepts introduced in the training. Each question in the objective knowledge test carried 

a potential score ranging from 0 to 1. Participants had the opportunity to select mul-

tiple answers, with scores being deducted for selecting incorrect options. This test 

was administered before and directly after the training. Table 4 summarises response 

rates for the pre- and post-test for each of the trainings. 

 

Training Number of partici-

pants  

Number of participants 

completed the test (%) 

Number of partici-

pants completed 

both pre- and post-

tests 

Pre Post 

13.06.2022, Berlin, pre- 

and in-service CS 

teachers  

24 19 (80%) 20 (83%) 16 (67%)  

02-03.11.2022, Berlin, 

pre-service CS teach-

ers 

- - - - 

10.12.2022, Vilnius, in-

service teachers CS 

21 19 (90%) 18 (86%)  14 (67%) 

 

31.01.2023, Vienna, in-

service teachers CS 

25  21 (84 %) 11 (44 %)  11 (44%) 

 

Table 4 Response rates for the AI and DL self-assessment and knowledge test for each of the trainings: number 

and % of participants, who completed the test prior to the training, after the training, and both the pre- and 

post-test versions. 
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1.2 Qualitative data: research questions, instruments, and analysis  

The research questions for the qualitative part of the evaluation included: 

(1) How did participants perceive the training, and what suggestions do they have 

for enhancing the efficiency and effectiveness of future sessions? 

(2) How has the training influenced the integration of DL and AI into teaching, if at 

all? 

(3) How do participants evaluate the difficulties of conveying DL and AI concepts to 

students? 

(4) How can DL and AI be effectively integrated into the classroom, and what poten-

tial challenges could hinder this integration? 

(5) What potential changes could arise from integrating DL and AI into the frame-

work curriculum and the teaching of these subjects? 

(6) (follow-up) In retrospect, what personal and teaching insights have participants 

derived from the training? 

(7) (follow-up) To what extent have participants incorporated DL and AI into class-

room instruction after the training? If not, is there an intention to integrate them in 

the future? 

(8) (follow-up) What areas, if any, do participants believe could be enhanced in both 

the training and the content on DL and AI? 

 

The in-service CS trainings were followed up by the two rounds of qualitative in-

terviews. The interviews were conducted right after the training and (for the CS in-

service training) about six months after the training. In both instances, a semi-struc-

tured interview guide developed by the University of Potsdam was used. The inter-

views directly after training were conducted in person, whereas the follow-up inter-

views were conducted online.  

 

The interview guide:  

The questions in the interview guide administered right after the training (see Ap-

pendix 5) focused on teachers' perception of the respective workshop, experiences in 



Teacher training for Data Literacy & Computer Science competences 

 

 

19 

 

integrating the DL and AI content into their classroom and barriers for such integra-

tion. Teachers were also asked about the importance of both topics for teacher train-

ing and for framework curricula, as well as their wishes for policymakers. The follow-

up interview guide roughly six months after the training (see Appendix 6) is primarily 

focused on the integration of the training content into the classroom. Table 5 includes 

an overview of the number of interviewed participants for each training. 

 

Training Number of 

participants  

Number of participants who took part 

in the qualitative interviews (%) 

Number of participants 

participated in the follow-

up interview (about 6 

months after the training) 

13.06.2022, 

Berlin, pre- 

and in-ser-

vice CS 

teachers  

24 6 (25 %) 2 (8%)  

02-

03.11.2022, 

Berlin, pre-

service CS 

teachers 

25 No interviews were planned Follow-up survey was not 

planned 

10.12.2022, 

Vilnius, in-

service CS 

teachers 

21 8 (38%) Follow-up interview was 

scheduled 

31.01.2023, 

Vienna, in-

service CS 

teachers 

25 6 (24%) 2 (8%) 

Table 5 Number and % of participants, who took part in the qualitative interviews right after and ca. 6 months 

after the training. 

While the qualitative interviews in Germany and Austria were conducted in German, 

the interviews in Lithuania were conducted in English. All the interviews were tran-

scribed and analysed.  
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For the first training on 13.06.22 in Berlin, the interviews were analysed with the 

help of qualitative content analysis (specifically summarizing content analysis) (Mayr-

ing 2010). For the subsequent trainings, due to time constraints, we have opted for a 

more condensed version of the content analysis using the focused interview analysis 

approach (Kuckartz and Rädiker 2020). While the analysis according to Mayring (2010) 

is relatively strict and includes multiple work steps for all text segments - including 

paraphrasing, generalizing, and reducing - the focused analysis allows for greater 

flexibility in selecting which steps to shorten. For instance, the user can decide 

whether to summarize text segments or omit certain steps altogether. In both meth-

ods, we have used both deductive and inductive coding. While the former codes were 

developed based on the interview guide and applied to all the interviews, within 

them, an inductive code captured new information that emerged directly from the 

data. For all personal interviews, we analysed participants' familiarity (consisting of 

prior knowledge and previous experience) with the topics of DL and AI using the 

standardized scale approach developed by Maying (2010), employing a 3-point scale 

(no familiarity, moderate/average familiarity, high familiarity).  

 

The qualitative results of the analysis in this report are presented according to the 

structure of the interview guide (see Appendix 5). The primary questions from the 

interview guide serve as the main themes under which inductively generated catego-

ries are presented. The related sub-questions align with the respective sub-themes. 

 

Themes addressed in the qualitative analysis:  

Below is a description of the main themes derived deductively from our research 

questions and aspects of the interview guide. These themes were developed to pro-

vide a structured framework for analysing the data in line with our key inquiry areas. 

Additionally, the analysis also led to the inductive emergence of specific categories, 

which were not predefined but surfaced naturally during the review of our qualitative 

data. These categories, revealing deeper insights into participant experiences and 

perceptions, will be detailed in the respective chapters for each training session. 
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A. Themes in interviews immediately after the training: 

• Training: In this theme, some fundamental aspects related to the training are 

clarified. Firstly, we explore the participants' expectations and the factors that 

led to their participation in the training. Secondly, we delve into their personal 

perspectives on the difficulty level of the topics. Furthermore, we examine the 

alignment between the training content and participants' prior familiarity with 

the concepts of DL and AI, which includes their previous knowledge and expe-

rience. 

 

• Teaching DL and AI & difficulties conveying DL and AI concepts: In this theme, 

our focus lies on exploring the integration of DL and AI topics into teaching 

practices prior and after the training. When it comes to the aspect of integra-

tion after the training, our objective is to assess participants' readiness and 

confidence in effectively incorporating DL and AI into their teaching. Further-

more, our interest extends to evaluating the challenges associated with con-

veying knowledge about DL and AI to students. 

 

• Establishment and steps to integrate DL and AI: This theme is dedicated to 

exploring the integration of DL and AI topics into teaching, specifically within 

the context of school classrooms. It encompasses the following key aspects: 

participants' perspectives on the integration of DL and AI topics within the 

framework curriculum; identification of effective steps or strategies for em-

bedding both topics into classroom and school curriculum; teachers’ opinions 

regarding the integration of DL and AI topics in teacher education programs; 

lastly the exploration of any anticipated barriers that may hinder the success-

ful integration of DL and AI. 
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• (Possible) changes through the integration of DL and AI in the framework cur-

ricula: 

This theme centers on potential changes resulting from the incorporation of 

DL and AI into framework curricula. Specifically, we query teachers about an-

ticipated changes concerning students, school authorities, and other school-

related aspects, as well as the broader societal implications. 

 

• Training feedback and potential for improvement: This theme primarily fo-

cuses on training feedback. Specifically, we focus on participants’ feedback on 

the length, content (topics and exercises), format (in-person event), and par-

ticipant interaction (such as the balance between frontal and interactive 

parts). Alongside positive feedback, we are particularly interested in sugges-

tions or criticisms that can be used to inform improvements for future train-

ings.  

 

• Wishes for education policy: This theme describes teachers' wishes or sugges-

tions for education policies concerning the topic of DL and AI in school educa-

tion.  

 

• Other themes: In this theme, we focus on addressing all other insightful state-

ments that have the potential to enrich the context of DL and AI topics. 

 

B. Themes for follow-up interviews: 

• Training: This theme focuses on how the training is retrospectively perceived 

with some time elapsed and to what extent (if at all) the participants have 

benefited from it. 

 

• Integration after the training: The theme describes if there has been any inte-

gration of DL or AI into teaching CS after the training. In addition, in the case 

of integration, we are interested in the experiences during the process and 
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details such as the duration of implementation, grade level, topics covered, 

etc. In the case of non-integration, we are interested in the reasons behind it 

or what would facilitate future integration.  

 

• Training feedback and potential for improvement: With this theme, we identify 

possible improvements that we could implement in the future. Additionally, 

we are interested in general suggestions related to the DL and AI in the context 

of teacher training.  

2. CS in-service training, Germany 

2.1 Sample 

Out of 24 participants, all of whom were from Berlin, 23 participants took part in 

the pre-evaluation survey. Figure 2 describes socio-demographic data of the partici-

pants as reported in the pre-survey. The average age of the participants in the train-

ing was 45 years old, ranging from 30 to a maximum of 63 years. The share of women 

constituted ca. 22% (five out of 23 participants). One person has chosen a non-binary 

category, "diverse." While 13 participants reported being fully trained teachers or hav-

ing accomplished a state exam, five participants reported being career changers (en-

tered teaching outside the traditional career path) and five were pre-service teachers 

at the final practical stage of their training ("Referendariat"). Most teachers indicated 

that they teach students ranging from seventh grade to twelfth grade. Three partici-

pants indicated teaching grades five and six. Half of the participants were employed 

in a gymnasium, while the other half reported other types of secondary schools. 

 

The socio-demographic data of the participants is consistent with the 2022 data on 

CS teaching in Germany. According to the Informatik-Monitor by the German Infor-

matics Society (Schwarz, Hellmig, and Friedrich 2022), Berlin has implemented a 

standardized framework curriculum for the optional course of computer science (CS) 
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across all school types, from grades seven to ten. Additionally, a curriculum for com-

puter science is provided for the introduction phase (typically grade 11) and the qual-

ification phase (usually grades 12-13) of the upper level of the secondary school 

("Gymnasium"). Comparing the socio-demographic data of the participants to that of 

pre- and in-service CS teachers in Germany, especially in Berlin, is difficult. According 

to a report by Stifterverband and Heinz Nixdorf Foundation (Schröder, Suessenbach, 

and Winde 2022), although such data is partly available, they are scattered across 

ministries and statistical offices of the federal states and are often available only 

upon request. Schröder et al. (2022) report that depending on the federal state, the 

percentage of female computer science teachers ranges from 24 to 45%. The authors 

of the report state that the share of women among CS students is also notably low: 

three out of ten first-year students, one out of four current students, and one out of 

four graduates in the field of CS education are female (2022, 12).  

 

In terms of age group distribution for secondary school teachers, similar to the 

Berlin sample of the CS teachers, the data provided by the OECD for all the teachers 

at the secondary level are fairly evenly spread: the 30-39 age bracket accounted for 

28% of the workforce, while the 40-49 and 50-59 age groups represented 26% and 27% 

respectively (OECD 2023a). Unfortunately, data subdivided by age and teaching sub-

jects specifically for CS teachers were not readily accessible at the time of this report.  

 

All the participants were teaching or studying computer science as a subject, with 

the following additional/second subjects: mathematics, physics, foreign languages, 

biology, chemistry, and other subjects. According to the pre-survey, mathematics and 

physics were the most common second subjects among the participants. Prior to the 

workshop, most participants had some experience teaching DL in class. As Figure 3 

shows, while about half of the participants never taught AI in class, only five out of 23 

respondents reported never conveying knowledge about DL in class. Yet, no respond-

ents indicating teaching DL or AI as often as every week, with few (four respondents 

for DL and one for AI) reported teaching the content on the monthly basis. Out of 23 
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respondents, 13 reported teaching DL few times a year and five participants reported 

doing so for AI. 

 
Figure 2  Socio-demographic data of the participants, 13.06.2022 Berlin, pre-evaluation survey, n=23 
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Figure 3 Experience with DL/AI, 13.06.2022 Berlin, pre-evaluation survey, n=23 

2.2 Quantitative results 

2.2.1 Perceived competences on how to use DL/AI in class 

The survey item "I know how to use content about DL/AI in the classroom" 

measures perceived competences on how to use learned content in class on the 6-

point scale. It was included in both pre- and post-evaluation surveys. As Figure 4 and 

Table 6 shows for both DL and AI items, on average respondents reported an increase 

in their perceived competences on how to use both topics in class.  

 

For the DL part, participants' median score increased from an initial score of 2.0 to 

a post-training score of 4.0. The Wilcoxon signed-rank test indicated a statistically 

significant difference at the 1% level. Furthermore, the IQR decreased from 2.0 to 1.25, 

indicating that post-training values are less spread out and more consistent than the 

pre-training values. Similarly, for the AI part, participants' median score increased 

from an initial score of 2.0 to a post-training score of 5.0. The Wilcoxon signed-rank 

test also indicated that the two samples are significantly different at the 1% level. The 

IQR of 1.0 stayed the same, although the distribution of the data shifted upwards.   
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Question Median Q1  Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

I know how to use content 

about DL in the classroom  

2.0 4.0 1.0 3.75 3.0 5.0 1 2 5 5 

I know how to use content 

about AI in the classroom 
2.0 5.0 2.0 4.0 3.0 5.0 1 3 6 6 

I am willing to invest time and 

effort to incorporate DL into 

my teaching 

- 5.0 - 3.75 - 5.25 - 2 - 6 

I am willing to invest time and 

effort to incorporate AI into my 

teaching 

- 5.5 - 4.75 - 6.0 - 2 - 6 

After the training I have gath-

ered enough competences to 

teach the learned content in 

class 

- 4.0 - 3.0 - 4.25 - 2  5 

Table 6 Summary statistics of pre- and post-results for the survey items on teachers' perceived competences to 

use DL and AI content in class and post-survey results for additional items, 13.06.2022 Berlin, pre- and post-eval-

uation survey, n=20 

 
Figure 4 Boxplot comparison of pre- and post-results for the survey items on teachers' perceived competences 

to use DL and AI content in class, 13.06.2022 Berlin, pre- and post-evaluation survey, n=20 

Figure 5 and Table 6 present additional survey items that were exclusively meas-

ured in the post-survey. Participants were asked to indicate their level of agreement 

with the statements: "I am willing to invest time and effort to incorporate DL/AI into 
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my teaching." For both DL and AI items, most participants selected categories "5" and 

"6," with "6" representing "strongly agree." The results indicate that, on average, par-

ticipants expressed a strong willingness to invest time and effort to incorporate both 

DL and AI into their teaching, with a higher willingness observed for AI compared to 

DL. 

 

Furthermore, participants were asked to what extent they agree with the statement: 

"After the training, I have gathered enough competences to teach the learned content 

in class." Overall, the statistics for this post-survey item indicate a moderate level of 

agreement among participants, with a concentration of responses around the value 

of 4.0 with the middle 50% of the responses ranging between 3.0 and 4.25. 

 

 
Figure 5 Boxplot of post results for the survey items on teachers' perceived competences and willingness to in-

vest time and effort to incorporate DL and AI into their teaching, 13.06.2022 Berlin, post-evaluation survey, n=20 

Overall, the findings indicate that the CS training in Berlin, Germany on average 

enhanced teachers' perceived level of competences on how to use DL and AI in their 

teaching. In addition, the post-survey measures reveal a positive inclination among 

participants to dedicate time and effort towards integrating DL and AI into their 

teaching. However, there was only moderate consensus among participants regarding 
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their perceived competences to teach the learned content in class, with a notable 

concentration of responses around a moderate rating of 4.0. 

2.2.2 Understanding of DL/AI concepts introduced in the training 

To measure gain in understanding of DL and AI concepts introduced in the training, 

we have used both self-report measures and objective knowledge questions in the 

pre- and post-self-assessment and knowledge tests administered separately from 

the surveys. 

 

For the self-report knowledge questions (rated on a scale from 1 - "strongly disa-

gree" to 5 - "strongly agree"), there is some improvement in the post-training median 

scores, with a larger increase observed for the AI set of questions (see Figure 6 and 

Table 7). The median score for DL increased from 2.0 to 3.0, while the scores for AI 

increased from 2.0 to 4.0. The Wilcoxon signed-rank test indicates a statistically sig-

nificant difference between the pre-and post-samples for the DL and AI questions at 

5 and 1% level, respectively. The spread of the middle 50% of the data reduced for 

both DL and AI questions, albeit more for the AI questions. Considering the self-as-

sessment scale, which ranges from 1 (strongly disagree) to 5 (strongly agree), and the 

median post-results of 3.0 for DL and 4.0 for AI, the findings suggest that there is 

potential for improvement, especially for the dimension of DL which primarily in-

cluded the topic of data lifecycle.  

  

Question Median Q1 Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

Self-assessment for DL  2.0 3.0 1.75 3.0 3.0 4.0 1 2 4 4 

Self-assessment for AI 2.0 4.0 2.0 3.88 3.0 4.0 1 3 4 5 

Knowledge test DL 2.0 2.5 1.65 1.0 2.4 3.13 0.0 0.4 2.8 4.0 

Knowledge test AI 4.2 6.0 3.25 4.88 6.25 7.53 1.0 3.5 8.5 9,1 

Table 7 Summary statistics of pre- and post-results for the self-assessment and knowledge test, 13.06.2022 Ber-

lin, pre- and post-self-assessment and knowledge test, n=16 
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Figure 6 Boxplot comparison of pre- and post-results for self-report knowledge questions on DL (15 questions) 

and AI (10 questions), 13.06.2022 Berlin, pre- and post-self-assessment and knowledge test, n=16 

Objective knowledge tests were conducted to assess participants' knowledge in 

both DL and AI dimensions (see Figure 7 and Table 7). Immediately after the workshop, 

participants demonstrated a higher median of 6.0 for the AI part compared to the 

pre-workshop, which constituted 4.2. The Wilcoxon signed-rank test indicated a sta-

tistically significant difference between the pre-and post-samples at the 1% level, 

indicating an improvement in participants' knowledge of AI concepts. Although the 

median score increased, the IQR did not change. Also given that the maximum score 

was 10.0, we cannot conclude that on average participants managed to grasp all the 

concepts introduced in the workshop.  

 

There were no statistically significant differences in the pre- and post-results for 

the DL part. This implies that on average participants' knowledge of DL concepts re-

mained relatively unchanged in this sample when comparing before and after the 

workshop. The descriptive statistics suggest that there is greater variability in partic-

ipants' understanding of DL concepts after the training, with some participants show-

ing a higher level of knowledge and others demonstrating a lower level. IQR increased 
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from 0.75 to 2.13, indicating that the spread of the central 50% of the data became 

larger.  

 
Figure 7 Boxplot comparison of pre- and post-results for knowledge questions on DL (4 questions) and AI (10 

questions), 13.06.2022 Berlin, pre- and post-self-assessment and knowledge test, n=16 

2.2.3 Attitudes towards DL/AI 

Table 8 and Figure 8 present the distribution of survey items related to teachers' 

attitudes towards DL and AI with a focus on their perception of the importance of 

both topics. These items were measured in the pre- and post-policy experimentation 

surveys: "In the future, teaching DL/AI will provide added value to students" and "I 

think the content of DL/AI is missing in the current framework curriculum." 

 

Prior to the training, participants held varying opinions regarding the added value 

of teaching DL and AI to students, with a median score of 4.0 for DL and 4.5 for AI and 

a quite large IQR. While the IQR notably decreased for the post-scores of the DL item, 

the median remained unchanged. In contrast, for the post-item on AI, participants 

reported a higher score, with a median of 6.0. The Wilcoxon signed-rank test indicated 

a statistically significant difference between the pre- and post-training AI values at 

the 5% level.  
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Regarding the perception of DL/AI content in the current framework curriculum for 

CS, participants leaned slightly towards the view that it is missing, with a consistent 

median score of 4.0. There is no statistically significant difference between the pre- 

and post-results. Both the pre- and post-results showed a relatively wide spread of 

the data. The median for the AI curriculum item slightly decreased after the training 

from 4.5 to 4.0. 

 

 An additional post-survey item on the societal importance of DL and AI indicated 

a high level of agreement with the statement that DL and AI have enough societal 

importance to be incorporated into the curriculum (see Figure 9 and Table 8). 

 

Question Median Q1 Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

In the future, teaching DL 

will provide added value to 

students 

4.0 4.0 3.0 4.0 6.0 5.0 2 3 6 6 

In the future, teaching AI 

will provide added value to 

students 

4.5 6.0 3.25 5.0 6.0 6.0 1 3 6 6 

I think the content of DL is 

missing in the current 

framework curriculum of 

computer science 

4.0 4.0 3.25 3.0 6.0 5.0 2 1 6 6 

I think the content of AI is 

missing in the current 

framework curriculum of 

computer science 

4.5 4.0 4.0 3.0 5.75 5.0 2 1 6 6 

The topic of DL is of 

enough societal im-

portance to integrate it 

into the curriculum 

- 5.2 - 5.0 - 5.0 - 3 - 6 

The topic of AI is of enough 

societal importance to in-

tegrate it into the curricu-

lum 

- 5.5 - 6.0 - 6.0 - 3 - 6 
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Table 8 Summary statistics of pre- and post-results for a set of survey items on teachers' perception of im-

portance of DL and AI, 13.06.2022 Berlin, pre- and post-evaluation survey, n=18-21 

 

 

Figure 8 Boxplot comparison of pre and post results for survey items on teachers' perception of importance of 

DL and AI, 13.06.2022 Berlin, pre- and post-evaluation surveys, n=18 

 

 
Figure 9 Boxplot comparison of post results for the survey item on teachers' perception of societal importance 

of DL and AI for integration into the curriculum, 13.06.2022 Berlin, post-evaluation survey, n=21 
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2.2.4 Perceptions of student engagement  

To explore teachers' expectations regarding students' interest and their perceived 

ability to generate student interest and engagement in the topics of DL and AI, the 

post-survey included the following survey items: "I can imagine that my students will 

show enthusiasm for the overall topic of DL/AI" and "I am confident that I can get 

students excited about DL/AI-projects". 

 

As depicted in Figure 10 and Table 9, the findings reveal generally positive expec-

tations regarding students' interest, particularly in relation to AI. However, it is worth 

noting that teachers rated the expected student enthusiasm for DL topics lower com-

pared to the same item for AI topics. This difference suggests that on average teach-

ers anticipate greater student engagement and excitement when it comes to AI com-

pared to DL. 

 

Figure 11 and Table 9 also indicate a notably high level of confidence among teach-

ers regarding their ability to motivate students for AI projects. This suggests that 

teachers generally feel well-equipped and self-assured when it comes to fostering 

student engagement and motivation in AI-related projects. In contrast, teachers' per-

ception regarding DL projects falls within a more moderate range. 

 

Question Median 

 

Q1 

 

Q3 

 

Min. 

 

Max. 

 

Scale 

I can imagine my students show en-

thusiasm for the overall topic of DL 

4.0 3.0 5.0 2 6 1-6 

I can imagine my students show en-

thusiasm for the overall topic of AI 
6.0 5.0 6.0 3 6 1-6 

I am confident that I can get students 

excited about DL-projects 
3.0 3.0 3.0 2 4 1-4 

I am confident that I can get students 

excited about AI-projects 
4.0 3.0 4.0 2 4 1-4 

Table 9 Summary statistics of post-survey results for items on perception of student engagement, 13.06.2022 Ber-

lin, post-evaluation survey, n=21 
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Figure 10 Boxplot of post results for the survey item "I can imagine that my students will show enthusiasm for 

the overall topic of DL/AI", 13.06.2022 Berlin, post-evaluation survey, n=21 

 
Figure 11 Boxplot of post results for the survey item "I am confident that I can get students excited about DL/AI-

projects", 13.06.2022 Berlin, post-evaluation survey, n=21 

2.2.5 Feedback on the learned content and format 

The post-evaluation survey included a series of questions to assess participants' 

reactions to the topics and materials/exercises covered in the training. Figure 12 and 
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Figure 13 present the results of this assessment. The findings indicate that most par-

ticipants consider the presented topics of classical AI and machine learning (ML) to 

be highly suitable for their teaching. Approximately 80% of respondents selected a 

score of "5" or "6" (where "6" indicates a high level of suitability). However, the topic 

of data lifecycle was viewed as less suitable, with only 50% of respondents selecting 

a score of "5" or "6." Additionally, 15% of participants chose a score of "2" or "1" where 

"1" indicates that the topic is not suitable at all. Similarly, when evaluating the mate-

rials and exercises used in the training, it was observed that the exercise on data 

lifecycle with Orange3 tool did not yield as positive results as the other exercises. 

While at least 70% of respondents rated all other exercises as "5" or "6" indicating 

high suitability for teaching, only 20% of participants gave the data literacy exercise 

with Orange3 such a high rating. 

 

These findings suggest that the topics of classical AI and ML were well-received by 

participants in this sample. However, there is room for improvement in the delivery 

and effectiveness of the data lifecycle topic, particularly the use of Orange3. 

 

 
Figure 12 Distribution of the post results for the assessment of the training topics, 13.06.2022 Berlin, post-evalua-

tion survey, n=20 
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Figure 13 Distribution of the post results for the assessment of the training materials/exercises, 13.06.2022 Ber-

lin, post-evaluation survey, n=20 

Figure 14 shows additional items on teachers' feedback, including training format 

and length. With respect to the length of the training, participants are somewhat di-

vided in their opinions, and there is no indication of strong consensus for the state-

ment that the workshop should have lasted longer. Of the 20 participants, eight se-

lected the higher scores of "5" and "6", whereas six respondents opted for the lower 

scores of "1" and "2". The remaining participants selected scores within the interme-

diate range. The results regarding the item "I wish more content would be covered in 

the training" are also rather mixed, with 50% of the respondents strongly leaning to-

wards disagreeing with this statement and 30% of the respondents strongly agreeing 

with it. There is, however, a strong consensus that the training did not have too many 

teaching materials and that the interactive format was appropriate. Most of the par-

ticipants lean towards agreeing with the statement, "The training showed me which 

competences I lack to teach the relevant content in class". The statement "I would 

need a lot of preparation to teach the topics and application examples in class" had 

a rather mixed response, slightly leaning towards agreeing with the statement.  
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Figure 14 Distribution of the post results for the assessment of the training format and outcomes, 13.06.2022 

Berlin, post-evaluation survey, n=20 

2.2.6 Follow-up 

Approximately six months after the intervention, we asked participants to complete 

a follow-up survey primarily to ascertain if they had managed to integrate the content 

learned during the training into their classes. The survey was completed by seven 

participants. Out of these participants, three reported teaching the content on DL and 

AI in their classes, albeit two of them had already taught DL and AI prior to the train-

ing. All four individuals who indicated that they had not yet begun teaching DL or AI 

content at the time of the follow-up survey reported plans to do so. Among the topics 

that they plan to use in the future are: AI in everyday life (e.g., "AI Bingo"); machine 

learning (e.g., robot chess game "Beat the robot", "Good Monkey - Bad Monkey", and 

"Shopping cart" game); classical AI (e.g., "Beat the robot"); image generators and 
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prompts; deep learning; and programming with Python and TensorFlow. Nobody in-

dicated plans to teach the topic "data lifecycle and the basics of statistical data anal-

ysis and interpretation" (e.g., Orange3). 

2.3 Qualitative results 

2.3.1 Personal interviews  

The themes listed below were deductively derived from the research questions and 

the structure of the interview guide. The annotations on the right refer to categories 

that were assigned inductively throughout our qualitative analysis process. Given the 

novel nature of the research questions, we chose not to limit our analysis to a purely 

deductive approach. Though our initial research questions and the interview guide 

shaped the general themes, it was the inductive analysis of participant responses 

that filled these themes with detailed and meaningful content. 

 

A. Training: 

Factors prompting training participation (prior to the training) 

 

Information about the event was obtained via suggestions from 

superiors, colleagues, as well as the faculty of didactics of Computer 

Science at the Freie Universität Berlin. Further resources, such as 

participation in other continuing education courses and the mailing 

list from the GI Fachgruppe IBBB, also proved useful in obtaining de-

tails about potential training opportunities. 

 

Information 
pertaining to 
the training was 
obtained from 
external sources 

 

Regarding individual initiative, it should be noted that some partici-

pants undertook active online searches for the training, frequently 

utilizing "computer science" as a key search term. 

 

One person ac-
tively searched 
for the training 
online 
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Expectations (prior to the training) 

In the realm of DL and AI, the expressed expectation of partici-

pants was to gain a foundational understanding. Regarding Orange3, 

the aim was to bolster professional competences. In the context of 

AI, the emphasis extended beyond theoretical knowledge to include 

tangible examples, thereby enabling a more effective contextualiza-

tion of familiar content. 

 

Obtain founda-
tional under-
standing and 
get introduced 
to practical ex-
amples 

 

For both DL and AI classes, the expectation was to apply the in-

service training materials and to receive both content-related and 

didactic input. In addition, the teachers wanted to receive teaching 

materials to support them. In the specific area of DL, there is a wish 

to get access to this topic and to get ideas about how to design class-

room lessons with Orange3. With respect to the AI teachers would 

like to have support for designing individual lessons, including the 

content, sequence and the structure: “Especially didactically in which 

order is it best to do it and what exactly belongs where in such a larger pro-

cess of a teaching series.”  (Participant B - 13.06.22, Berlin)  

Teachers wished 
for (ready-to-
use) teaching 
materials and 
didactic input 
on how to struc-
ture and se-
quence lessons 

 

Design according to familiarity with DL and AI 

Both for moderate/average levels of familiarity in DL, Orange3, 

and AI, as well as for no familiarity in Orange3, the design of the 

training was tailored well to the levels of familiarity of the teacher. 

Training well-
aligned with 
pre-existing 
knowledge 

 

 

Difficulty of the topics for the teachers themselves 

The training provided basic knowledge and understanding of the 

topics of DL and AI. However, due to the sheer breadth and depth of 

these subjects, mastering them fully poses a significant challenge. 

Acquiring them on the job is also difficult, as numerous training 

courses would be required. Although some basic knowledge could 

Basic knowledge 
was acquired, 
but mastery of 
DL and AI re-
mains challeng-
ing 
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be acquired after further training, there is still a clear difference to 

expertise in this field. 

 

In the area of artificial intelligence (AI), the use of examples/ex-

ercises contributed to better understanding: “This introduction and the 

various forms of learning, that they were explained again, the three [types 

of machine learning], that was very important for me. And there were a few 

difficulties in really understanding the text. That became very clear to me 

with the examples.”  (Participant D - 13.06.22, Berlin) Regarding AI, the 

high complexity of the topic became clear, especially in relation to 

machine learning and neural networks. Understanding at a deeper 

level is assessed as more challenging than the application itself. In 

particular, the functioning of image recognition (software) remains a 

black box for teachers and students, i.e., not fully comprehensible: 

“Sure, if I have lots of pictures of cats, then I might recognise a cat. But how 

that works exactly often remains a black box at that point, both for the stu-

dents and for me.”  (Participant F - 13.06.22, Berlin) 

 

  
The complexity 
of AI, particu-
larly machine 
learning and 
neural net-
works, became 
evident. Image 
recognition 
Software's inner 
workings remain 
a "black box" 

The area of data analysis with Orange3 proved to be exceptionally 

complex. Notably, the process of creating the decision tree remained 

obscure, often perceived as a "black box". Therefore, proficient use 

of Orange3 demands additional personal engagement and commit-

ment. 

Orange3 and 
decision tree 
are seen as 
complex - he 
black box per-
ception 

 

 

B. Teaching DL and AI: 

Integration of DL and AI into teaching CS at the secondary level (prior to the training) 

In the field of computer science, DL was explored primarily 

through work with databases. This work encompassed various as-

pects of data management, including data collection, definition, 

cleansing, archiving, preparation, and visualisation of data sources. 

Different topics 
of DL (via data-
bases) and AI 
(via robotics) 
were integrated 
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The topics of AI, especially in the area of robotics, was dealt with 

either once or continuously in a series of lessons. 

 

Experience with integration of DL and AI into teaching CS at the secondary level (prior 

to the training) 

The following experiences in the field of AI were collected in the 

tenth-grade computer science class. The use of unplugged materials 

in class has proved to be successful. This approach has motivated 

the students and encouraged their sense of discovery. It is a form of 

exploratory learning where, subsequently, there is the opportunity 

to discuss the topics covered. However, it was found that with in-

creasing complexity and depth of the topics, such as practical and 

theoretical work with neural networks, the degree of difficulty in-

creases. Therefore, more extensive projects could not be carried out. 

In addition, the assessment of student performance is difficult. This 

concerns both the problem of pure memorisation on the part of the 

students and the actual conception of the performance assessment: 

“[...] I then had them write an exam on the topic, and I found that a great 

challenge, to see if I now explained to them on a handout where neural net-

works are explained, how can an exam on this be constructed” (Participant 

B - 13.06.22, Berlin) 

 

Successful inte-
gration of AI via 
robotics, but as 
topics became 
more complex, 
integration 
proved more 
challenging 

Overall, positive experiences were gained during the implementa-

tion of DL and AI. There was a noticeable interest among the stu-

dents. However, a sense of disillusionment has been recognised: 

“Students are very interested in the subject at first, but then they are also 

really disappointed sometimes when they can't get into it that much be-

cause they don't grasp the complexity.” (Participant F - 13.06.22, Berlin) 

Frustration or 
disappointment 
when students 
confronted the 
complexity 
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There was no proactive inquiry from the students prior to teaching 

topics of AI. The integration of AI into the classroom was feasible 

without the need to replace other topics. 

Teaching AI was 
possible without 
replacing other 
topics 

The teaching of DL was well received by the students. DL was well re-
ceived 

 

 

Ability of (more) effective integration (after the training) 

The starting point for lesson planning in DL and AI is rated as 

good. 

 

Training as a 
good entry 
point 

     One teacher reported his plan to use Orange3 for the topic of 

AI rather than treating it solely as a statistical subject. To ensure ef-

fective integration, coordinating discussions with colleagues about 

the teaching content are necessary. However, a direct implementa-

tion of the training content and exercises may not be immediately 

possible: “What I have experienced today, I will not be able to go one-to-

one into the classroom and do that without further engagement [with the 

training’s content], but approximately seventy to eighty percent of the way 

I have gone today.” (Participant B - 13.06.22, Berlin) 

 

Orange3 can be 
integrated as an 
AI supporting 
tool 

 

The integration of AI into teaching is a key objective, with the con-

tent from the in-service training offering suitable material for adap-

tation. The first contents, especially classical AI, will be integrated 

into the robotics lessons immediately. In the upcoming lessons on 

the topic of smart home, AI can be integrated further. There is a pos-

itive expectation regarding the integration of the topic with the aim 

of long-term inclusion in computer science education. However, a 

prerequisite for this is the creation of an implementation plan to 

achieve this goal. It is planned to conduct a short-week teaching unit 

on AI for the students. A longer series of lessons (spanning 4-6 

AI will be added 
to robotics les-
sons immedi-
ately. A short 
teaching unit 
dedicated to AI 
is envisioned, 
but a full 4-6 
weeks of only AI 
might be chal-
lenging 
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weeks) solely dedicated to AI can be challenging. Therefore, integrat-

ing these concepts into related subjects, like smart home technol-

ogy, proves to be a more feasible strategy. 

 

In terms of material, previous attempts to introduce AI have not 

been easy to implement: “It was very theoretically loaded. You have a 

video, media that you can look at, what you need it for, but exactly this ap-

proach, that was also still missing to motivate the students.”  (Participant 

C - 13.06.22, Berlin) 

 

Prior materials 
for introducing 
AI were heavy 
on theory, lack-
ing motivation 
for students 

 The exercise "Good Monkey - Bad Monkey" is mentioned as a 

suitable approach. It is planned to design own material and to use 

both modified (e.g., with Lego bricks) and unmodified approaches 

(for tenth grade). However, a 1:1 implementation is not possible with-

out further self-study and refining existing materials, for example 

when using the exercise "AI Bingo". 

 

"Good Monkey - 
Bad Monkey" 
game and "AI 
Bingo": 1:1 im-
plementation is 
not possible 

When integrating DL and AI, simple questions were clarified in the 

training and preparation is now possible. After the workshop, ideas 

for introduction, approaches (e.g., through exercises) and the basic 

structure in class were gained, which increases the teacher's moti-

vation as well as enables a better didactic and more motivating im-

plementation. Before integration, however, some points need to be 

determined, such as the thematic focus and the grade level in which 

the implementation takes place. For a teaching series of 6 to 8 weeks, 

further engagement with the training content is necessary, including 

for the upper secondary level (grade 11-13), where the topics should 

be explored in greater depth. Therefore, one is not bound to the 

training material: “And I can now optimise the material I developed for 

Teachers gained 
insights on how 
to introduce AI, 
the structure to 
follow in les-
sons, and re-
ceived a boost 
in motivation. 
Thematic deci-
sions, such as 
what specific AI 
topics to cover 
and at which 
grade level, still 
need to be 
made 
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myself, based on material that was already there, once again with the ma-

terial I took with me today.” (Participant F - 13.06.22, Berlin) 

 

It is further stated that a separate integration of AI (without DL) is 

considered inconceivable. It was perceived as too detached from DL 

in the training and comes along with a higher level of difficulty. 

 

Integration of AI 
without DL is 
deemed chal-
lenging 

It is easily imaginable to have a single lesson dedicated to teach-

ing introductory simple methods about AI. The integration is ex-

pected to take place in the upcoming school year. To effectively con-

vey the subject matter, it may be beneficial to consult textbooks from 

the respective federal state. 

 

AI can be intro-
duced even in a 
single lesson fo-
cusing on sim-
ple methods 

Integration of the DL subject via teaching databases is possible in 

a compressed teaching block. After the training, there will be an eval-

uation and reflection of Orange3.  

 

DL can be 
taught through 
teaching data-
bases in a con-
cise manner 

The exercises from the TrainDL training were evaluated as a very 

good thematic introductory/entry point and could be implemented 

with well-prepared material. Previous attempts to implement AI in 

other areas outside of robotics often failed due to a lack of material 

or approach. However, these difficulties were successfully overcome 

through exercises during the training. The modification of the mate-

rial (e.g., using the "Beat the robot" game as an example) is not al-

ways directly applicable in a 1:1 manner, but it could be adapted, for 

instance, by using felt-tip pens instead of stones. 

 

Exercises from 
the training, like 
the "Beat the 
robot" game, 
were seen as 
good introduc-
tory points, but 
sometimes re-
quire modifica-
tions, such as 
using felt-tip 
pens instead of 
stones 

The creation of tasks and material takes time, but it could be 

achieved by using the training material. However, the processing of 

Time is needed 
for material cre-
ation and prep-
aration 
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the material for exercises also requires time, e.g., laminating the doc-

uments. 

 

Difficulty of conveying knowledge to school students (after the training) 

In computer science, access to AI for students is possible through 

exercises, materials, and teacher support. 

 

 

Regarding DL and AI, the content, examples, and materials pro-

vided can be integrated in in the framework curriculum. Integration 

may vary depending on the grade level, with older grades that can 

handle more challenging examples. Even at lower grade levels with 

a good degree of proficiency, the content could be taught. Overall, it 

would remain a challenge, but would be feasible. 

 

Integrating DL 
and AI content 
into the school 
curriculum is 
plausible and 
can be custom-
ized based on 
students' grade 
levels 

DL is more suitable for an advanced course rather than a basic 

course (upper school), as it involves more scientific work. Orange3 

as well, especially if they already have experience with similar pro-

grams. However, it should be covered in more detail than in the 

TrainDL training and taught live to the students: “Or click together with 

them simultaneously because I think that there will be quite a lot of ques-

tions. We had already such an experience [during the exercise in the TrainDL 

training] - Why don't I see anything. [...] You have to add this and that first. 

So that's probably not something for students to work with by themselves 

or you really have to walk around constantly, to help them.” (Participant E 

- 13.06.22, Berlin) 

 

DL/Orange3 
suitable for 
higher grade 
levels 

 

There are also positive aspects around AI: The exercises from the 

training with suitable materials are also accessible for relatively 

weak students. Especially the initial exercises and examples are op-

timal. The "Beat the robot" game is well suited for intermediate and 

AI exercises as a 
good introduc-
tion and can be 
employed for a 
wide range of 
students 
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advanced levels up to grade level 13. However, challenges are also 

seen, but these are mitigated by the examples. For some classes, the 

use of unplugged examples with loose materials (stones, smarties) 

would not be advisable. 

 

C. Establishment and steps to integrate DL and AI: 

Framework curriculum integration 

The linking of DL and AI is seen as a relevant topic area in the 

framework curriculum. This is because these topics have societal as 

well as political implications: “[...] the societal implications directly affect 

almost every student, as they receive suggestions for various things on plat-

forms like TikTok or YouTube.”  (Participant A - 13.06.22, Berlin) 

 

DL and AI are 
seen as relevant 
topics 

The students must be able to reflect critically on such content. The 

framework curriculum ensures contact with knowledge about the 

processes in a technologised society. 

 

Students must 
develop the 
ability to criti-
cally assess 
such content 

The inclusion of DL is not considered necessary, as not all stu-

dents need to be familiar with the topic. It is suggested that it should 

be integrated in tertiary education instead of including it in second-

ary education. AI is considered more relevant for inclusion in the 

framework curriculum than DL, since AI is more student-oriented 

and less abstract than DL, which in turn is more scientifically pro-

nounced than AI. In addition, databases (DL) are already integrated 

in the framework curriculum. 

 

AI has higher 
priority for sec-
ondary level 
than DL 

 

On the other hand, the inclusion of AI is necessary, but it is also 

suggested to integrate in other related subjects. The inclusion of the 

topic enables students to develop the ability to participate in opin-

ion-forming and democracy-building. AI has an increasing relevance 

With the intro-
duction of AI, 
it's vital to out-
line specific 
competencies. 
This might ne-
cessitate adjust-
ments in other 
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and people encounter it unconsciously in everyday life. It is im-

portant that students understand this topic. When including AI, con-

crete topics as well as competences should be defined. Subject-spe-

cific and cross-curricular considerations must be made to possibly 

eliminate other content: “Because the instruction time will not become 

longer, the question arises: What should be removed elsewhere? Now, for 

example, in the semester with the specialisation areas, there is theoretical 

computer science and perhaps we should discuss whether it should remain 

as extensive as it is, or whether we can't say that parts of what is learned 

there can also be learned when working on modelling for AI.” (Participant 

B - 13.06.22, Berlin) 

 

areas of the 
curriculum to 
accommodate 
AI, prompting to 
consider what 
might be re-
moved or re-
duced in terms 
of content 

It is emphasised that it is important to include AI in Berlin's cur-

riculum as soon as possible [Note: all training participants work in 

Berlin], as other federal states such as Baden-Württemberg have al-

ready integrated AI in grade levels five to six. 

 

It is important 
to integrate AI 
in Berlin’s 
framework cur-
riculum 
 

Regarding the placement of the topics, DL can be taught not only 

in computer science but also in other subjects, e.g., mathematics 

(specifically statistics), natural sciences, or social sciences. 

 

DL can be inte-
grated not only 
in CS, but in 
other subjects 
 

Furthermore, data structuring and cleaning are considered unim-

portant, while chart interpretation, reading statistics, evaluation, 

data preparation and database systems are considered important. 

DL should focus 
on evaluation 
and interpreta-
tion of data, ra-
ther than clean-
ing and struc-
turing 

 

AI goes beyond computer science teaching and is preferably re-

garded as a compulsory course of CS teaching or should at least be 

integrated via the elective subject area. 

AI can be intro-
duced as a core 
component of 
computer sci-
ence education 
or be woven 
into elective 
subjects. 
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In the context of AI, it is emphasised that students should be able to 

name examples and risks. Other topics that should be covered in-

clude societal aspects, spam filters, image recognition as well as 

other “old classics” (Participant C - 13.06.22, Berlin) in the field of AI. 

Students should 
be familiar with 
practical exam-
ples of AI appli-
cations and un-
derstand the 
associated risks. 

 

Steps for anchoring in the classroom 

The current CS framework curriculum for Berlin is imprecise and 

difficult to follow. A new one is a prerequisite for anchoring the top-

ics and has a steering function: “It should first be included in the frame-

work curriculum, with even more subtopics that clearly explain what is 

meant by it, i. e. societal aspects, what is programmed in relation to it, and 

which algorithms are to be addressed.”  (Participant D - 13.06.22, Berlin) 

 

Revised frame-
work curriculum 
is needed 

 

The repetition cycle must then also be clarified: e.g., a recurring 

spiral curriculum or a separate module in a specific grade level. An 

early treatment of these topics is beneficial: “Because actually, it would 

make sense to do it at least once in secondary level 1 and then again in sec-

ondary level 2 [lower and upper secondary level].”  (Participant D - 

13.06.22, Berlin) 

 

 

To guarantee influence on the framework curriculum, its creators 

should be identified. Commission employees are often in the envi-

ronment of CS teachers. Contact can be established, and awareness 

can be raised through teacher trainings. 

 

Leverage con-
nections within 
the teaching 
community to 
influence curric-
ulum changes 

AI should be included in the framework curriculum. Possibly as an 

elective and then as a compulsory subject or topic. The number of 

blocks should be determined. Clear definitions of competences and 

goals enable teachers to work more efficiently, which also has a pos-

itive effect on the students. 

AI should be in-
corporated into 
the framework 
curriculum: de-
fine modules 
and compe-
tences 
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There should be more public relations work for the topics. Contact 

persons for this could be, for example, the Gesellschaft für In-

formatik (GI) and the Kultusministerkonferenz (KMK). 

 

Amplify the im-
portance of AI in 
education  

AI can be anchored in specialised seminars for teachers. Concrete 

exercises of application can be developed in further training such as 

TrainDL. Other possible formats include familiarisation days with ex-

ercises from the TrainDL training. To test the teaching, various im-

plementation formats can be considered, such as teaching it after 

the grading period, as trial blocks, or as a class workshop. These can 

be carried out independently of regulations, as no institutional re-

sistance is expected. 

AI can be intro-
duced to teach-
ers through 
specialized 
seminars and 
further training 
like TrainDL 

 

Teacher education 

Caution is needed when integrating the topics into teacher quali-

fication: “[...] you have to see where this could realistically happen because 

there are very often demands to do this and that as part of teacher for-

mation, and I see a danger in overburdening teacher education. Creating a 

hodgepodge where each topic is covered only once in a seminar unit would 

not do justice to many of them.” (Participant B - 13.06.22, Berlin) 

 

There's a risk of 
overloading 
teacher training 
with too many 
topics 

Nevertheless, there are convincing arguments for including these 

topics in teacher's development: DL and AI are modern fields in tran-

sition, which have an increasing importance in the digital world. The 

integration of these topics can therefore be seen as a measure in 

the context of promoting and demanding digitalisation among 

teachers. 

 

Arguments for 
integration:  DL 
and AI are 
evolving fields 
crucial to the 
digital age 

DL should be a part of teacher education as there are new tools 

like Orange3 that are easier to use compared to other programmes 

Opinions on in-
clusion of DL 
vary 
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like SPSS. Orange3 focuses more on content aspects and allows for 

more efficient knowledge transfer and easier exchange with stu-

dents. However, there are also arguments against the inclusion of DL 

in education. The right approach for integration into teacher educa-

tion and the framework curriculum is still missing. Moreover, teach-

ers should already have mastered this topic, as DL is already inte-

grated via the database section of the framework curriculum. 

 

The integration of AI into teacher education is reasonable because 

AI is not sufficiently represented in tertiary/university education, 

and it has many points of intersection with other subject areas. In-

cluding AI in teacher qualification would be a logical consequence 

of curriculum integration: “That implies that if it is part of the curriculum 

and if I believe that it belongs to the curriculum, then I naturally also believe 

that it should be part of teacher qualification, with the same requirements 

for competency development as I have for the curriculum framework.” (Par-

ticipant F - 13.06.22, Berlin) 

Integration of AI 
makes sense 

 

 

School curriculum 

There are various possibilities for integrating DL and AI into the 

classroom. One possibility is to integrate the topics into the school 

curriculum via broader contexts such as ethics and media. If schools 

are given the freedom to choose their own topics, there should be 

no major problems. 

 

Multiple avenues 
for DL and AI in-
troduction in 
classrooms exist 

The school curriculum leaves little room for computer science 

teaching and is more focused on technical implementation and en-

abling teaching. Instead of strictly adhering to the school curriculum, 

the responsibility often lies with the teachers. Centralizing the inclu-

sion of topics within the computer science framework curriculum is 

Teacher's auton-
omy takes prior-
ity over school 
curriculum. 
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advisable: “And I also don't understand why every school has to map this 

individually and why something like this is not embedded centrally in the 

subject curricula, but at every school the work is done anew to see what fits 

where.”  (Participant B - 13.06.22, Berlin) 

 

Regarding DL, colleagues in CS would have to be convinced to in-

tegrate it, especially with Orange3. Otherwise, no major problems ex-

pected. 

 

Integration of DL 
and Orange3 is 
not convincing  

The integration of AI is possible, but problems may arise under cer-

tain conditions. The implementation of AI within the curriculum re-

quires a high level of commitment on the part of the teachers, agree-

ments within the subject department, the assessment of the stu-

dents' level of knowledge and the alignment with the curriculum. An-

other prerequisite is an equal level of knowledge among the teach-

ing staff: “They all have to have done at least this training [TrainDL] to-

gether, which I did, so that we can teach similarly, because I don't know if I 

can teach other teachers so quickly what I'm doing.” (Participant A - 

13.06.22, Berlin) 

 

Integration of AI 
requires high-
level commit-
ment and uni-
form knowledge 
level from the 
teachers 

A reprioritisation of the curriculum or guidelines from the school 

management might be necessary. 

 

Reprioritisation 
of the curriculum 
or guidelines 
might be needed 

Teachers are generally assessed as not having a positive attitude 

towards the school curriculum or the integration of new topics such 

as DL and AI into it. Because the elaboration and writing down of new 

concepts is often perceived as disruptive, as it is not part of everyday 

professional life. In addition, there has been confusion in the past 

about the terms and concepts written down in the framework curric-

Teachers typi-
cally exhibit re-
luctance toward 
integrating new 
subjects like DL 
and AI, perceiving 
them as added 
burdens 
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ulum. However, most teachers are motivated to implement new im-

pulses and report positively after training events such as TrainDL and 

pass on what they have learned to their colleagues. Trainings like 

this are perceived as a service, while the curriculum is seen more as 

a task or a burden. 

 

The heterogeneous student body poses a challenge when it comes 

to covering AI content with all classes. 

Challenges of the 
diverse student 
backgrounds 

 

Barriers  

Few institutional barriers are expected as institutional awareness 

of DL and AI is anticipated: “Well, most of the time you do find a way, if 

you have good material, good examples, so I see few institutional barriers 

now.”  (Participant A - 13.06.22, Berlin) 

 

Only few Institu-
tional barriers are 
expected 

 

Regarding the acquisition of equipment of what is necessary for 

implementation, hardly any barriers are expected. Reprioritisation in 

favour of certain subjects can lead to other subjects being disadvan-

taged. 

 

Shifting priorities 
towards specific 
subjects may re-
sult in other sub-
jects receiving 
less attention or 
resources 

There are both challenges and potential for successful integration 

when implementing plugged exercises with Orange3. The initial ob-

stacle might be the installation process on computers by the system 

administrator. Yet, even with less-than-ideal equipment, executing 

plugged exercises in the classroom remains feasible. 

 

Unplugged exer-
cises are possible, 
while Orange3 is 
problematic 

The development of a joint strategy with the subject leaders of 

computer science is a prerequisite. Unplugged exercises can be im-

plemented without any problems, as no PCs are needed. However, 

this requires an implementable concept or a joint strategy to gain 

Integration needs 
concept or a 
strategy with the 
subject leader 
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acceptance. If there is no acceptance, the AI could also be imparted 

alternatively under the topic "Algorithm".  

 

The workload of teachers poses an obstacle to a high-quality 

teaching and school development overall. Many ideas cannot be im-

plemented or reflected upon due to the prioritization of daily tasks. 

  

Teacher workload 
is a challenge 

While schools have the responsibility to prepare children for the 

future, this objective is perceived differently in practice: “When you 

see how our society is developing, you have to say that school is miles behind 

in many aspects, although it should prepare the youngest for the future. Ide-

ally, schools should be at the forefront of shaping the future, but in my ex-

perience, it seems to be rather the opposite.” (Participant B - 13.06.22, 

Berlin) 

 

 

D. (Possible) changes through the integration of DL and AI in the framework cur-

ricula: 

Students 

In the context of DL and AI, reflection on the applications and de-

vices of daily use becomes possible. This allows to understand the 

functionality of platforms like Instagram and smartphone apps by 

recognizing that the display of content on them is purposeful. The 

ability to reflect leads to a critical understanding and promotes ma-

turity in dealing with technology. Otherwise, there is a risk of vulner-

ability: “Otherwise, students simply receive information passively and ac-

cept it without question, leaving them vulnerable to whatever they're pre-

sented with.”  (Participant A - 13.06.22, Berlin) 

 

Integrating DL 
and AI allows 
students to re-
flect on the ap-
plications and 
devices they use 
daily 

There is an opportunity to raise awareness about DL and AI. Here, 

the societal aspects are more important than the purely technical 

Social implica-
tions of DL and 
AI are important 
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aspects, whereby understanding the technical basics is a prerequi-

site for understanding the societal dimension.   

 

In the context of AI, it is about promoting interest and reflection, 

because the topic is also applied in other subjects like biology and 

mathematics. A targeted demystification of devices and topics in 

connection with AI can take place. 

 

Fostering inter-
est for, and de-
mystification of 
AI is important 

Furthermore, competences can be developed to differentiate and 

evaluate real and fake news. This serves as a basis for obtaining and 

assessing trustworthy information. Without these competences, a 

meaningful use of information is not possible. It is also important to 

learn about the weaknesses of AI. This can thus be better under-

stood, handled, and critically assessed. 

 

Learning about 
weaknesses of 
AI is needed to 
evaluate infor-
mation sources 

Regarding AI, a professionalisation of teaching is necessary to be 

able to convey complex topics such as neural networks. In addition, 

the lessons can then serve to reach parents through their children 

and familiarise them with the topic of AI. 

Professionalisa-
tion of teaching 
is necessary to 
convey complex 
topics 

 

School authorities and schools 

School authorities would have to think about the resources 

needed to support integration. Resources refer to both teaching ma-

terials and the provision of in-service training for teachers. 

 

Providing teach-
ing material and 
training is 
needed 

The teaching of AI in CS is becoming increasingly important: “I 

could imagine that the relevance of the topic would be recognised by saying 

that maybe not only computer science teachers should be knowledgeable 

about it, but that it should be a topic in other subjects as well.” (Participant 

More AI train-
ings, also for 
non-CS teachers 
is needed 
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B - 13.06.22, Berlin). In addition, the support for further trainings in 

the field of AI could be expanded. 

 

Image plays a role for both school authorities and schools. School 

authorities would demonstrate their modernity and relevance by 

dealing with contemporary issues such as AI: “So, when I engage with 

such modern topics, it already appears more appealing than dealing with 

old-fashioned ones like what's the name of the keyboard, what's the name 

of the mouse?”  (Participant A - 13.06.22, Berlin) 

 

School image 
could motivate 
introducing AI 

Schools that offer AI in the classroom are likely to have a more 

attractive image than those that do not. Thus, in the future, the at-

tractiveness of a school might also depend on the relevance and in-

tegration of AI. 

 

 

Society 

Current algorithms have disruptive potential: “Yes, one could almost 

take this in a philosophical direction, where AI and algorithms on Facebook 

determine politics and partially drive and accelerate societal divisions by im-

plementing the algorithms as they were designed.” (Participant A - 

13.06.22, Berlin) However, if we understand how DL and AI work, these 

societal divisions can be prevented, and the protection of democracy 

can be promoted. 

 

Modern algo-
rithms can have 
significant soci-
etal implica-
tions 

AI enables more competent decision-making, including in terms 

of better opinion formation, for example regarding the right to 

demonstrate. 

 

AI literacy can 
foster democ-
racy 

DL and AI encourage reflection on how, for example, personalised 

selection of services based on tracked user behaviour works. 

DL and AI com-
petences can 
inform media 
consumption  



Teacher training for Data Literacy & Computer Science competences 

 

 

57 

 

Knowledge about these topics enables a critical examination of me-

dia consumption and its selection.  

 

 

The discussion about these topics in society needs to be pro-

moted, both about their positive and negative aspects. Currently, this 

discourse is perceived as follows: “I sometimes have the feeling that it 

is only discussed in certain circles and not in the broader society because it 

is such a big black box that cannot be looked into.” (Participant D - 

13.06.22, Berlin) 

 

DL and AI com-
petences can 
foster broader 
public discourse 
eon AI 

We should aim for a broader discussion about the role of AI in the 

society: “The question always remains, what do we want to have as AI and 

what do we do not want to have? And I think that is a very relevant question, 

and my wish is that as many people as possible can competently assess what 

it means to have a task carried out by AI.”  (Participant B - 13.06.22, Ber-

lin) 

 

 

Regarding teachers, integrating AI as a compulsory component in 

the framework curriculum could lead to more teachers taking part in 

corresponding further trainings and thus developing an increased 

interest in the topic. 

Making AI com-
pulsory in 
framework cur-
riculum to in-
centivize teach-
ers for further 
training 

 

 

E. Training Feedback and Potential for Improvement: 

Length 

The trainings are optimal and well-designed, but they could be a 

bit longer and expanded, as the current length is almost too short. 

In the given length, however, there was neither over- nor under-chal-

lenging and there was no boredom.  

7 hours are too 
short 
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The training sessions are well filled with the content covered and 

it would not be problematic if the trainings were longer due to addi-

tional topics. 

 

Longer trainings 
and more con-
tent is desired 

There are advantages and disadvantages to different training for-

mats. A one-hour extension (within the same day) of the TrainDL 

training could be a problem for some: “I'm not sure now if an extra hour 

would have overwhelmed me already, I probably would have forgotten the 

first part by then.” (Participant A - 13.06.22, Berlin) 

 

7 hours per day 
might be a limit 
for some 

Full-day events have the advantage that they sometimes offer 

better motivation and participation opportunities than half-day or 

afternoon events: “Most of the time, the trainings are offered in the after-

noon, and I always find that challenging. It’s too short to really get into it 

and then when you have a day when you’re not present at school, then you 

have the space.” (Participant B - 13.06.22, Berlin) However, not all 

teachers can take a whole day off to attend a full-day training.  

 

Full-day training 
is well received, 
yet might re-
quire taking a 
day off 

Afternoon events, on the other hand, can serve as an introduction 

for teachers who are not yet intensively familiar with the topic. How-

ever, the disadvantage is that the preparation for the next teaching 

day is postponed to the evening.  

 

Afternoon 
events might 
work for begin-
ners, yet teach-
ing workload is 
a problem 

Therefore, it is suggested to offer full day as well as half day or 

afternoon in-service trainings to better meet the needs of all teach-

ers. 
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Content 

Participants were positive and praised the inclusion of digital con-

tent such as Orange3 in the training. The "Beat the Robot" game was 

particularly praised because it was motivating to be able to defeat 

the robot eventually. In addition, the participants found the exam-

ples presented at the beginning easy to follow. They also liked the 

idea of unplugged exercises. 

 

Content re-
ceived positive 
feedback 

There was criticism about a lack of content or material for the 

intermediate level. The training seemed to be geared more towards 

beginners and advanced learners and it was unclear if this was in-

tended. Ideas and materials for the middle of a lesson series were 

missed: “For example, what does the fourth lesson on AI look like? I can 

imagine the first lesson well, also the tenth lesson, but somehow in terms of 

content, what do I do in the fourth lesson?”  (Participant A - 13.06.22, Ber-

lin). Furthermore, the participants perceived the topics of DL and AI 

as very different, lacking a connecting thread. There was also criti-

cism that the topics covered were not sufficiently in-depth. 

 

Criticism: no 
content/mate-
rial for interme-
diate level, no 
clear thread for 
a series of les-
sons 

 

 

    The AI topics in the morning were still understandable, but as the 

content became technically more advanced (DL, Orange3), it posed 

challenges for the participants, 

 

DL/Orange3 
content was 
challenging 

With the "Beat the Robot" game, the participants would have 

needed more time to define the rules, otherwise the connection 

would be lost in the exercise. The guessing game with pictures of 

people at the very beginning of the training was criticised for not 

being obvious enough. 

"Beat the robot" 
and guessing 
game needs 
more time 
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The participants expressed the wish for certain contents. In the 

field of AI, topics such as fake news, image manipulation and recog-

nition, speech recognition and translation, machine learning with Py-

thon, robotics (especially in relation to human-like robots), Amazon 

Go and social and ethical aspects were mentioned. Some of these 

topics would obviously require more training time and could lead to 

further topics. 

 

Wish for further 
AI topic, no DL 

In addition, a web application for games was mentioned, which 

was presented at the Computer Science Day ("Informatiktag"). This is 

interesting for teachers who do not want to do analogue games with 

their students. 

Suggestion for 
web-based 
games, instead 
of analogue 
games 

 

Format 

The implementation of the training as a face-to-face event has 

met with approval. 

Face-to-face 
format worked 
well 

 

Interaction 

The proportion of the frontal teaching was perceived as slightly 

too small. Theoretical introductions were praised: “I also found these 

input lectures were really super to the point, very helpful to classify what 

then happened in the application phase.” (Participant B - 13.06.22, Berlin) 

More frontal 
teaching is de-
sired 

The ratio was found to be both good and optimal. It was pleasing 

that there was no pure frontal teaching, but that the participants 

were actively involved in the activities. 

 

Good mix be-
tween theory 
and exercises 
was praised 

 

The exercises enabled the participants to try things out for them-

selves, which contributed to reflection on the use in the classroom. 

Working together in groups of two also encouraged reflection. 

Do-it-yourself 
approach and 
group work 
were praised 
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TrainDL Training (other factors, overall view)  

 

The structure of the training was perceived as clear and the build-

up from rule-based learning to supervised learning was seen as suc-

cessful. This structure also corresponds to the design of classroom 

instruction, as it presents an argumentative arc. 

 

Structure of 
training was 
well-received 

The materials on AI are well suited for both introductory and ad-

vanced purposes. The provision of the materials as take-away copy 

templates was particularly praised. The ability to provide the mate-

rials as a zip file has several advantages: “I liked the fact that all the 

material is online in this ZIP file, you don't have to laboriously put it together, 

but everything that was covered today is in one place. Then you have it at 

your disposal. I'll have another look at some of it.” (Participant B - 13.06.22, 

Berlin) Sharing with colleagues, for example in the form of a printed 

hardcover book, would also be possible with this. However, the wish 

was expressed to also be able to purchase the materials as a class 

or school set in the form of printed boards. 

 

Providing mate-
rial as a ZIP file 
or in other for-
mats that allow 
sharing with 
colleagues is 
helpful 

Splitting the course after the lunch break would be an option: 

“What one could think about is whether to split the course after the lunch 

break and ask who is interested in learning more about this and who would 

prefer to deepen and further apply this at the level of the topics worked on 

in the morning? Who found the morning a bit too fast and would like to 

apply it a bit more in peace and quiet? And for those who say, I have that 

on my radar now, and I want to continue, that would be an option.” (Par-

ticipant B - 13.06.22, Berlin) 

 

Splitting the 
course to use a 
station ap-
proach was sug-
gested 
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The training was found to be successful and interesting. The train-

ing would be recommended to others. The pleasant atmosphere dur-

ing the training contributed to its enjoyment. The efficiency of the 

training was considered very high, with little room for improvement. 

The pace of the training was felt to be appropriate, and the breaks 

were well planned. 

Training re-
ceived overall 
positive feed-
back  

 

F.  Wishes for education policy 

In the area of school conditions, it is proposed to introduce 

smaller classes and make hardware upgrades based on needs.  

 

Smaller classes 
and hardware 
upgrades can 
be introduced 

AI should be included in school textbooks. AI should be in-
cluded into 
textbooks 

 

 It is stressed that the existence of subjects like DL and AI should 

be acknowledged. 

Acknowledge-
ment of DL and 
AI at the policy 
level is neces-
sary 

 

    In addition, AI should be taken more seriously, and a debate 

should be held that takes into account positive and negative impli-

cations, because currently the discourse is very polarised: “Either it is 

totally positive because there is something new, mostly in the medical field. 

And on the other hand, it is demonised when it comes to social media. It 

would be better if it were more balanced in that regard.” (Participant D - 

13.06.22, Berlin) 

 

More balanced 
out debate is 
needed 

An integration of AI in the framework curricula is desired, whereby 

it could be oriented towards other federal states such as for example 

Bavaria.  

 

Integration in 
framework cur-
riculum 
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    Integration of AI in the subject of computer science could increase 

the attractiveness of the subject in lower secondary school (grade 

level 5-10). Good, unplugged materials are important for this, so that 

simple ideas can be taught in a playful way. In addition, it is sug-

gested to integrate AI either as a compulsory subject in computer 

science or as an independent subject. The integration could be age-

specific (taught once) or implemented in a spiral curriculum manner 

(taught continuously), with a suggestion of starting from 7th/8th 

grade (lower secondary level). 

 

AI integration is 
possible start-
ing from 5th or 
7th grade 

CS should be offered as a compulsory subject: “[...] I would like to 

see compulsory teaching in computer science, a compulsory subject, be-

cause this is the only way to ensure that all students get to know the con-

tents that we are working on in computer science lessons. If students choose 

computer science, those who are interested in these topics anyway will also 

learn something about AI and everyone else will not.” (Participant B - 

13.06.22, Berlin) 

 

CS should be of-
fered as a com-
pulsory subject 

As CS is currently not a compulsory subject, teachers are putting 

too much work into an offer that a large part of the students are 

currently not taking advantage of. Ideally, integration of AI should 

already take place in lower secondary level (grade level 5-10). 

 

Integration can 
start from 
grades 5-10 

The creation of further in-service training, such as TrainDL, should 

be sought out. On the part of the teachers, sufficient time resources 

should be secured to be able to attend these in-service trainings. 

More trainings 
similar to 
TrainDL are 
needed. Teacher 
need time to at-
tend such 
events. 

 

Additionally, there's a call for hands-on political figures to deliver 

information on fake news. This might take the shape of school infor-

mational sessions following in-class introductions (like those about 

The subject of 
fake news re-
quires attention 
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AI). Contacts should be easily accessible to share insights when 

needed. 

 

G. Other Themes 

    A mere integration in the framework curriculum does not result 

in automatic guarantee of teacher proficiency, there is a need for 

more training: “Just because dealing with AI is included in the curriculum 

doesn't mean that everyone will be able to do it after a session like today.” 

(Participant A - 13.06.22, Berlin) 

 

There is a need 
for further 
training 

There is also a difficulty in deciding in which grade level the topics 

should be implemented. The current framework curriculum in Berlin 

dates from 2006 and will soon be replaced by a new one. It is also 

noted that the framework curriculum is kept very concise and there-

fore offers possibilities for action [note: it remains unclear here, 

however, whether only the subject of CS is meant]. 

 

Grade level(s) 
should be 
clearly defined 

AI is not fully integrated into the curriculum in Berlin. It is not 

mandatory in CS, but it is sometimes addressed in other subjects like 

English (semester topic on Science and Technology). The question 

about the integration of the framework curriculum in relation to AI 

is unclear in the evaluation questionnaire, as AI is already integrated, 

but only as an optional specialisation area.  

 

The evaluation 
survey question 
on the curricu-
lum is confusing 

One suggestion is to extend the TrainDL training and integrate it 

into a training series, for example with aspects of programming with 

TensorFlow or Python, which would be interesting for use at the sec-

ondary level. These training courses motivate the participants to 

work intensively on the topics.  

Training series 
could be a suit-
able format 
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After previous trainings and discussions, it was unclear how ex-

actly to define the concept. Only after the TrainDL training it became 

clear that AI does not have a clear one. Because of these different 

definitions of the topic, there was sometimes a challenge in the com-

petency test to decide what the right solutions are. AI is a loaded 

buzzword that is present everywhere and becoming increasingly vis-

ible, as modern computational capacities enable problem-solving 

associated with AI.  

Difficulties with   
AI definition 

2.3.2 Follow-up interviews 

A. Training: 

    In retrospect, the training was rated as very successful and con-

structive. It has succeeded in reinforcing the importance of the topic 

of DL and AI. The mix of new as well as familiar content as well as 

the breadth of content was rated positively. he "Shopping Cart" ex-

ercise received special mention. The material from the training is 

suitable for teaching, particularly in segments where there were no 

pre-existing materials.  

 

Overall training 
was praised 

Orange3 exercise was praised as a good, new, open-source-based, 

albeit conceptually demanding tool. The program's usability issues 

were seen as challenging: “And when you work on it yourself, it's also a 

bit awkward, as is usual in computer science. And then you're kind of left 

hanging in the air.”  (Participant A - Follow-up to 13.06.22, Berlin) This 

represents a hurdle or uncertainty for the possible application in 

lessons and further work with this tool. 

 

Orange3 is chal-
lenging 

Both interviewees have continued to work on the topic of AI, but 

were not able to provide in-depth examples. 

In-depth AI-ex-
amples are 
needed  
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B. Integration (after training): 

The level of integration of DL and AI into the teaching between the training session 

and the follow-up interview can be divided into three areas: (1) integrated, (2) not 

integrated, and (3) uncertain or (vaguely) planned integration for the future. 

 

(Integrated) Two courses on databases were taught by one 

teacher. However, there is uncertainty about whether DL was ad-

dressed at all or, if it was, whether it was only implicitly included. 

 

Not clear if DL is 
part of teaching 
databases 

Because, in contrast to AI, a person could not recall the training 

contents on DL: “I have to admit, after half a year, I was also interested in 

what there is to say about data literacy. And I can't remember much about 

that. About AI, of course. [...] And at that time I was also interested in what 

is meant by data literacy. What could classes on data literacy look like? And 

I have little memory of that now.” (Participant B - Follow-up to 13.06.22, 

Berlin) 

 

Not clear what 
DL means 

    (Not integrated) However, no proactive instruction on AI was inte-

grated, even though it had been done in the past prior to the train-

ing. On the one hand, this was explained by the analogue approach 

of the exercises.  

 

AI was not inte-
grated because 
the exercises 
were not digital 

 “The [analogue exercises] are great, but the students come to computer 

science classes because they work with computers. That's what makes the 

CS classes different. And if you then get a method like that again [analogue], 

which they also have in another subject, then they are not enthusiastic.” 

(Participant B - Follow-up to 13.06.22, Berlin) 

 

Students want 
to have digital 
exercises 
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On the other hand, the integration did not happen, because the 

topic of AI did not fit into the planned range of the CS topics. In ad-

dition, (Orange3) was criticised for lacking the actual programming 

experience. “And if I were to do it in Sek 2 [11-13 grade level], I wouldn't 

do it with Orange, because I have the feeling that it's too far away for ad-

vanced students. They should program it. They should be able to do that. 

They should master it.” (Participant A - Follow-up to 13.06.22, Berlin) 

 

AI did not fit 
into the 
planned CS 
course topics 

 

(Uncertain) There is uncertainty about implementing AI top-

ics/materials in class, due to previous unsuccessful experiences 

where the integration did not go optimally. However, the conviction 

to want to implement it still exists to some extent: “I would like to do 

it again. [...] Because it plays an increasingly important role. In all of our 

lives. [...] The goal is to somehow teach the students understanding so that 

they can contribute later on. [...] Ideally, they should be able to make mean-

ingful decisions about the use of AI.” (Participant B Follow-up to 13.06.22, 

Berlin) 

Hesitation to in-
tegrate AI due 
to unsuccessful 
experience in 
the past 

 

C. Training feedback and potential for improvement: 

    Large language models (LLM) are generally seen as an increasingly 

relevant topic. 

 

The topic of LLM 
is very relevant 

For teachers, a possible full automation associated with the LLM 

tools represents a change in the expectations placed on the stu-

dents. “Basically, we don't need to assign homework any more where stu-

dents have to answer something. ChatGPT does that for them. You can give 

homework like learning vocabulary or something like that. ChatGPT also 

does programming. It's all kind of pointless.” (Participant A - Follow-up 

to 13.06.22, Berlin) 

ChatGPT has a 
potential to dis-
rupt didactical 
approaches  
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Another aspect of subject integration concerns making computer 

science a compulsory subject: “But if the aim is to educate students in 

such a way that they can later, make well-reflected decisions about the use 

of AI, the first step would indeed be to reach all students in the first place.”  

(Participant B - Follow-up to 13.06.22, Berlin). It is paramount for stu-

dents to be able to program, i.e., work with computers. 

 

CS needs to be 
introduced as a 
compulsory 
subject 

For teacher training in general and for TrainDL specifically, there 

is a recognized need to go beyond a descriptive level of AI and en-

gage with the topic at a deeper level. As part of it, it is suggested to 

further explore the feasibility of training content for both lower and 

upper secondary level. 

 

More advanced 
AI training is 
needed 

The suggestion for the material was to emphasize explaining its 

complexity, ensuring teachers don't view it as a black-box concept. 

It was also expressed a need for complete lesson plans for concrete 

grade levels with a specified previous knowledge. 

 

Material should 
explain com-
plexity/black-
box and be pre-
pared for a 
specified grade 
levels 

Further trainings (if possible, also within the framework of 

TrainDL) are welcomed. The interviewees preferred full-day (follow-

up) trainings (with optional afternoon trainings for a deeper dive) to 

a series of trainings. The latter is seen critically, as it requires attend-

ance of each session within the series.  

 

Full-day train-
ings are pre-
ferred over a 
series of events 

In the medium term, there's a growing desire to enhance teacher 

training programs with an emphasis on AI, which is justified by the 

relevance of the topic: “With the importance that AI has today, I think 

every computer science teacher should be able to provide information and 

address it themselves.”  (Participant B - Follow-Up on 13.06.22, Berlin) 

More teacher 
training with a 
focus son AI is 
needed 
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2.4 Summary  

Based on the pre-survey conducted immediately prior to the training, which was 

completed by 23 out of 24 participants, the CS training group in Berlin primarily con-

sisted of in-service teachers, with only five participants in the final stage of their 

training. The participants had a variety of second subjects, with mathematics and 

physics being the most prevalent. It was observed that most of the participants had 

previous experience in teaching DL in their classes. However, the training exhibited a 

relatively low representation of women, which reflects the existing gender ratio 

among CS teachers in Germany. 

 

The findings from the evaluation survey (albeit based on a small sample size) in-

dicate that on average the training had a positive impact on teachers' perceived com-

petences on how to use DL and AI in their teaching. For both topics DL and AI, partic-

ipants reported an increase in perceived competences in how to use the content in 

class. In addition, participants demonstrated a generally high willingness to invest 

time and effort in incorporating DL and AI into their teaching, with a stronger inclina-

tion observed for AI compared to DL. Participants expressed a moderate level of 

agreement regarding whether they have acquired enough competences to teach the 

learned content in their classrooms.  

 

Both self-report and objective knowledge questions provide evidence of some im-

provement in understanding of AI concepts. However, while participants on average 

reported an improvement in the understanding of DL concepts, the objective 

knowledge test could not confirm that increase: after the training, participants 

demonstrated a higher variability in their answers to the DL knowledge questions, 

with some participants showing a higher level of knowledge and others demonstrat-

ing a lower level.  
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The post-evaluation survey yielded additional insights into the perceived chal-

lenges associated with the DL content of the training. While most participants re-

garded topics of classical AI and machine learning (ML) as highly suitable for their 

teaching, they found the topic of data lifecycle to be less suitable. Furthermore, the 

data lifecycle exercises involving the Orange3 tool received lower ratings compared 

to the other exercises. These findings indicate that participants consider classical AI 

and ML topics to be well-suited for teaching, but improvements are needed in the 

delivery and effectiveness of the data lifecycle topic and the exercise using the Or-

ange3 software. 

 

Out of the seven participants who completed the follow-up survey approximately 

six months after the training, only three reported incorporating DL and AI content into 

their classes. Among these participants, two had already been teaching both topics 

prior to the training. Interestingly, all four respondents who had not started teaching 

DL or AI at the time of the follow-up survey expressed their intention to do so in the 

future. The planned topics for future instruction mainly revolve around AI, with no 

participants indicating plans to teach the topic of "data lifecycle and the basics of 

statistical data analysis and interpretation" (e.g., Orange3). 

 

For both DL and AI, training participants have a slight inclination towards the opin-

ion that these topics are lacking in the current CS framework curriculum. This percep-

tion remains consistent and does not change immediately after the training. The 

qualitative interviews shed light on the results. On the one hand, the survey question 

was confusing, as AI is already integrated, but only as an optional specialisation area. 

On the other hand, while integration is generally viewed positively, there is a chal-

lenge of removing content from the existing framework curriculum.  

 

After the workshop, participants expressed a higher belief that teaching AI will pro-

vide added value to students compared to their pre-training scores. The scores for 

the similar item on DL showed no significant difference between the pre- and post-

training, with both scores falling in the moderate range. The latter is consistent with 
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other results stressing the problem of the DL content. According to the post-survey, 

there was a strong consensus among participants regarding the societal importance 

of DL and AI. Additionally, the post-survey results suggest that teachers hold positive 

expectations about students' interest and their own ability to generate excitement 

and engagement for DL and AI topics, with the AI topic receiving higher ratings in this 

regard. 

 

Overall, the quantitative findings demonstrate the positive impact of the 7-hour CS 

training in Berlin on enhancing teachers' perceived competences on how to teach AI 

content in class as well as their objective knowledge of the introduced AI concepts. 

However, the DL content proved to be more challenging. The results also indicate that 

participants express positive attitudes towards both topics, albeit it is uncertain 

whether the training directly influenced these attitudes, as they were measured only 

post-training. The moderate consensus among participants regarding the statement 

on having acquired sufficient competences to teach the learned content in class im-

plies that the training is not fully sufficient for the integration of the DL and AI topics 

into teaching.  

 

According to the qualitative data, while the training received positive feedback and 

participants showcased an enhanced understanding of AI, there were identified areas 

of improvement. Teachers sought foundational knowledge and exposure to practical 

AI examples. They expressed a desire for pre-prepared teaching resources and guid-

ance on lesson planning for specified grade levels. While basic AI and DL knowledge 

was grasped, mastering them is still a challenge. The complexity of AI, especially ma-

chine learning and neural networks, was recognized. Aspects like image recognition 

software or decision trees in Orange3 were seen by some as "black box". The inter-

viewees viewed the training as a good entry point, but need further trainings to en-

gage with the topics in more depth. More practical AI examples/exercises are needed. 

 

The TrainDL training helped teachers to better lessons, but implementation of the 

content may require additional adaptation. Some exercises might need modification 
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for classroom use, and while the creation and preparation of materials will be time-

consuming, the training has offered a solid foundation for doing so. Teachers wish 

for more concrete lesson plans for specified grade levels. The latter can make it easier 

to directly integrate the content into the teaching. The Orang3 exercise was viewed 

as complex and requiring more engagement with. Some teachers mentioned that Or-

ange3 is better suited for more advanced classes, while others view the graphical 

interface and the lack of programming in the software as a major reason for not using 

it with advanced students.  

 

Teachers acknowledged the high relevance of DL and AI topics for students and 

society at large. The integration of DL and AI into the framework curriculum is seen 

as pivotal given their societal and political implications. Some suggest that CS should 

be a mandatory subject for all at the secondary level. While daily relevance of AI 

makes it essential for secondary education, it is not clear how DL might fit and should 

be taught and at which level. AI is viewed as more student-friendly compared to the 

scientific intricacies of DL. The challenge for integration of AI into the framework cur-

riculum is in determining which content might need to be omitted to make room for 

AI. There might be a need to adjust and reprioritize the curriculum. Teachers might 

show hesitance to include new topics such as DL and AI, seeing them as additional 

challenges, given a high workload. The wish for AI's inclusion in Berlin's curriculum is 

urgent, as states like Baden-Württemberg are already ahead. Ensuring AI integration 

in the curriculum will need collaboration with those shaping the framework curricu-

lum. More awareness and outreach are needed in this area. 

 

The integration of DL and AI into the framework curriculum will not result in 

teacher proficiency, there is a need for more teacher training in this area. Integrating 

DL and AI into teacher education is also viewed positively, albeit the overall workload 

of students/teachers should be taken into account. Incentive structures for reaching 

out to teachers should be discussed. Interestingly, some teachers mentioned inte-

grating DL and AI beyond CS subjects, which means that teachers with non-CS sub-

jects might also need to be trained in these topics.  
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Given the intricate nature of the subjects and the pressing need for DL and AI in-

tegration, it's crucial to consider appropriate formats for teacher training. While some 

educators lean towards full-day training sessions, they acknowledge that 7 hours 

might not suffice to dive deeply into these topics. Structured follow-up training ses-

sions, which are easily accessible and suit the schedules of in-service teachers, are 

essential. 

 

Teachers raised apprehensions about the easy accessibility of Language Learning 

Models (LLMs), especially in relation to academic integrity. This highlights the im-

portance of providing AI support both in instructional techniques and in daily class-

room and school practices. 

3. CS in-service training, Lithuania 

3.1 Sample 

In total, 21 participants from Vilnius (15 participants), Kaunas (4 participants), and 

Panevezys (2 participants) participated in the training. All of them took part in the 

pre-evaluation survey. This group of participants, whose socio-demographic data is 

depicted in Figure 15, comprised predominantly of in-service teachers, except for one 

pre-service teacher. On average, participants were 45 years old, with ages spanning 

from 26 to 69 years. Half of the participants (11 out of 21) fell within the 40–49 years 

age bracket. Comparatively, this demographic profile aligns with the national teacher 

workforce in Lithuania, where, according to the OECD data (2023b), the 40-49 and 50-

59 age groups constitute 26% and 37% of the total respectively, while only 14% belong 

to the 30-39 age bracket. About 20% of teachers in Lithuania are 60 years or older, 

signifying an older average age compared to other OECD countries (OECD 2023b). 

 

In terms of gender distribution, the training participants in Lithuania mirrored na-

tional trends, with women representing approximately 57% (12 out of 21 participants) 
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of the total number of participants.  The overall share of women teaching at the lower 

and upper secondary levels in Lithuania, is one of the highest among the OECD coun-

tries, at 82.4% and 78.4% respectively (OECD 2023b). Data on the share of female CS 

teachers in Lithuania were not readily accessible.  

 

Most of the participants in the Vilnius training teach students from fifth to 12th 

grade, with six teachers who in addition teach at the primary level. Half of them were 

employed in a gymnasium, and the other half in various other types of secondary 

schools. In Lithuania, informatics is a compulsory subject at the lower secondary level 

and an optional one at the upper secondary level (European Commission / EACEA / 

Eurydice).  

 

All the participants were teaching or studying CS as a subject, with the following 

additional subjects: mathematics, economics, physics, art, Lithuanian language, tech-

nology, and other. According to the pre-survey, mathematics was the most common 

second subjects among the participants. Before the workshop, most participants had 

some experience teaching DL in class. As Figure 16 shows, while about half of the 

participants never or only once taught AI in class, only 2 out of 21 respondents re-

ported never teaching DL or covering DL-related topics in class on just one occasion. 
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Figure 15 Socio-demographic data of the participants, 10.12.2022 Vilnius, pre-evaluation survey, n=21 



Teacher training for Data Literacy & Computer Science competences 

 

 

76 

 

 

Figure 16 Experience with DL/AI, 10.12.2022 Vilnius, pre-evaluation survey, n=21 

3.2 Quantitative results 

3.2.1 Perceived competences on how to use DL/AI in class 

As demonstrated in Figure 17 and Table 10, respondents reported an increased 

level of perceived competences in using DL and AI content in class following the 

training. For DL, the median score experienced a slight increase, rising from a high 

pre-training score of 4.5 to a post-training score of 5.0. The spread of the middle 50% 

of the data also slightly decreased for the post-training-values. The Wilcoxon signed-

rank test did not indicate a statistically significant difference between the pre- and 

post-training DL values. In contrast, for AI, a substantial improvement was recorded. 

The median pre-survey score, initially lower at 3.0, surged to a post-training score of 

5.0. The pre- and post-values were found to be different at the 1% statistical signifi-

cance level, as determined by the Wilcoxon signed-rank test. The IQR slightly reduced 

for the post-training values from 2.0 to 1.25.  
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Question Median Q1 Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

I know how to use content 

about DL in the classroom  

4.5 5.0 3.75 4.0 5.0 5.0 2 3 6 6 

I know how to use content 

about AI in the classroom 
3.0 5.0 2.0 3.75 4.0 5.0 1 3 5 6 

I am willing to invest time 

and effort to incorporate 

DL into my teaching 

- 5.0 - 5.0 - 6.0 - 3 - 6 

I am willing to invest time 

and effort to incorporate 

AI into my teaching 

- 5.5 - 5.0 - 6.0 - 3 - 6 

After the training, I have 

gathered enough compe-

tences to teach the 

learned content in class 

- 5.0 - 3.25 - 5.0 - 1  6 

Table 10 Summary statistics of pre- and post-results for the survey items on teachers' perceived competences to 

use DL and AI content in class and post-survey results for additional items, 10.12.2022 Vilnius, pre-evaluation 

survey, n=16 

 
Figure 17 Boxplot comparison of pre- and post-results for the survey items on teachers' perceived competences 

to use DL and AI content in class, 10.12.2022 Vilnius, pre-evaluation survey, n=21 
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Figure 18 Boxplot of post results for the survey items on teachers’ perceived competences and willingness to 

invest time and effort to incorporate DL and AI into their teaching, 10.12.2022 Vilnius, pre-evaluation survey, n=18 

Figure 18 and Table 10 describe further survey items that were measured only in 

the post-version of the survey. Participants were asked to what extent they agree with 

the statements: "I am willing to invest time and effort to incorporate DL/AI into my 

teaching." For both DL and AI, most participants selected categories "5" and "6", where 

"6" represents "strongly agree." Results suggest that on average, participants ex-

pressed a strong willingness to invest time and effort to incorporate both DL and AI 

into their teaching. After the training, teachers were also asked to what extent they 

agree with the statement: "After the training, I have gathered enough competences to 

teach the learned content in class". Out of 18 respondents, 11 selected categories "5" 

or "6", while only 3 participants chose the categories "1" or "2". Overall, the statistics 

for this post-survey item indicate a leaning towards agreement that participants have 

gathered enough competences. 

 

Overall, the findings indicate that the CS training enhanced teachers' perceived 

level of competences on how to use AI in their teaching. Although no significant dif-

ferences were found for DL, the reported competences for the use of DL prior to the 

training were higher than those for AI. In addition, the post-survey measures revealed 



Teacher training for Data Literacy & Computer Science competences 

 

 

79 

 

a positive inclination among participants to dedicate time and effort towards inte-

grating DL and AI into their teaching. On average, participants tend to agree, that they 

have gathered enough competences to teach the learned content in class. 

3.2.2 Understanding of DL/AI topics presented in the training 

When it comes to the self-assessment, for both DL and AI questions, respondents 

reported an increase in their self-reported knowledge (see Figure 19 and Table 11) 

from a median of 3.0 to a median of 4.0 with a scale ranging between 1 and 5. The 

spread of the central 50% of the data also shrunk. The Wilcoxon signed-rank test 

indicated a statistically significant difference between the pre- and post-values for 

both DL and AI at the 1% level.  

 

Respondents also demonstrated a notably higher median score for the objective 

knowledge tests on AI compared to the pre-training results, with the median increas-

ing from 2.5 to 5.5 (see Figure 20). However, the IQR of the post-training values slightly 

increased. The Wilcoxon signed-rank test indicated that the pre- and post-values for 

the AI knowledge questions differ significantly, with the post-training scores being 

statistically higher at the 1% level. The test showed no statistically significant differ-

ence for the DL knowledge test scores.  

 

Question Median Q1 Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

Self-assessment for DL  3.0 4.0 3.0 4.0 4.0 4.0 2 3 4 4 

Self-assessment for AI 3.0 4.0 3.0 3.5 3.88 4.0 1 3 5 5 

Knowledge test DL 1.3 1.4 0.62 0.78 1.75 1.85 0.0 0.0 2.8 2.2 

Knowledge test AI 2.5 5.5 2.0 4.63 3.88 6.88 1.0 1.0 7.0 7.5 

Table 11  Summary statistics of pre- and post-results for self-assessment and knowledge test, 10.12.2022 Vilnius, 

pre- and post-self-assessment and knowledge test, n=14 
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Figure 19 Boxplot comparison of pre- and post-results for self-report knowledge questions on DL (15 questions) 

and AI (10 questions), 10.12.2022 Vilnius, pre- and post-self-assessment and knowledge test, n=14 

 

 
Figure 20 Boxplot comparison of pre- and post-results for knowledge questions on DL (4 questions) and AI (10 

questions), 10.12.2022 Vilnius, pre- and post-self-assessment and knowledge test, n=14 
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3.2.3 Attitudes towards DL/AI 

Table 12 and Figure 21 show the distribution for the survey items on teachers' per-

ception of the importance of DL and AI, which were measured via both pre- and post-

policy experimentation surveys: "In the future, teaching DL/AI will provide added 

value to students" and "I think the content of DL/AI is missing in the current frame-

work curriculum." 

 

 For both DL and AI items, participants express a tendency to believe that DL/AI 

content is lacking in the current CS framework curriculum. According to the Wilcoxon 

signed-rank test, there is no statistically significant difference between the pre- and 

post-results. Interestingly, the IQR is higher after the training for both the DL and AI 

item. For the AI question, the post-training median score decreased from 5.5 to 5.0. 

 

Similarly, there is no statistically significant difference for the pre- and post-results 

of the items: "In the future, teaching DL/AI will provide added value to students." 

However, for both items, respondents reported a relatively high score for the pre- as 

well as post-results, suggesting a high level of perceived importance of DL and AI for 

teaching already prior to the training. Similarly, to the curriculum item, the post-train-

ing median score for AI decreased from 6.0 to 5.0. 

 

Question Median Q1 Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

In the future, teaching DL 

will provide added value 

to students 

6.0 6.0 5.0 5.0 6.0 6.0 4 4 6 6 

In the future, teaching AI 

will provide added value 

to students 

6.0 5.0 5.0 5.0 6.0 6.0 3 3 6 6 

I think the content of DL 

is missing in the current 

framework curriculum of 

computer science 

4.5 5.0 4.0 4.0 5.25 6.0 1 3 6 6 
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I think the content of AI 

is missing in the current 

framework curriculum of 

computer science 

5.5 5.0 5.0 4.0 6.0 6.0 4 3 6 6 

The topic of DL is of 

enough societal im-

portance to integrate it 

into the curriculum 

- 5.5 - 4.25 - 6.0 - 2 - 6 

The topic of AI is of 

enough societal im-

portance to integrate it 

into the curriculum 

- 5.0 - 5.0 - 6.0 - 3 - 6 

Table 12 Summary statistics of pre- and post-results for a set of survey items on teachers' perception of im-

portance of DL and AI, 10.12.2022 Vilnius, pre-evaluation survey, n=18 

 
Figure 21 Boxplot comparison of pre- and post-results for a survey item on teachers' perception of importance 

of DL and AI, 10.12.2022 Vilnius, pre-evaluation survey, n=18 

An additional survey item administered only in the post-survey revealed a strong 

consensus regarding the societal significance of DL and AI, with participants highly 

agreeing that these topics should be integrated into the curriculum (see Figure 22 

and Table 12). 
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Figure 22 Boxplot comparison of post results for the survey items on teachers' perception of societal importance 

of DL and AI for integration into the curriculum, 10.12.2022 Vilnius, pre-evaluation survey, n=18 

3.2.4 Perceptions of student engagement 

In the post-survey, teachers were asked specific questions to assess their expec-

tations regarding students' interest and their own perceived ability to generate stu-

dent interest and engagement in DL and AI. These questions included statements 

such as "I can imagine my students show enthusiasm for the overall topic of DL/AI" 

and "I am confident that I can get students excited about DL/AI-projects". 

 

The results depicted in Figure 23 and Table 13 demonstrate an overall positive ex-

pectation regarding students' interest, with a stronger emphasis on AI topics. The ex-

pected level of student enthusiasm for DL topics on average received a slightly lower 

rating compared to AI topics. This discrepancy implies that teachers anticipate a 

higher level of student engagement and excitement when it comes to AI compared to 

DL.  Figure 24 and Table 13 also indicate a high level of confidence among teachers 

regarding their ability to motivate students for DL and AI projects.  
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Question Median 

 

Q1 

 

Q3 

 

Min. 

 

Max. 

 

Scale 

I can imagine my students show enthu-

siasm for the overall topic of DL 

4.0 4.0 5.0 3 6 1-6 

I can imagine my students show enthu-

siasm for the overall topic of AI 
5.0 4.0 6.0 3 6 1-6 

I am confident that I can get students 

excited about DL-projects 
3.0 3.0 3.0 2 4 1-4 

I am confident that I can get students 

excited about AI-projects 
3.0 3.0 3.75 2 4 1-4 

Table 13 Summary statistics of post-survey results for items on perception of student engagement, 10.12.2022 

Vilnius, pre-evaluation survey, n=18 

 
Figure 23 Boxplot of post results for the survey item "I can imagine that my students will show enthusiasm for 

the overall topic of DL/AI", 10.12.2022 Vilnius, pre-evaluation survey, n=18 
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Figure 24 Boxplot of post results for the survey item "I am confident that I can get students excited about DL/AI-

projects", 10.12.2022 Vilnius, pre-evaluation survey, n=18 

3.2.5 Feedback on the learned content and format 

The post-survey included a series of questions to assess participants' reactions to 

the suitability of the topics, practical materials and exercises presented in the train-

ing. Figure 25 and Figure 26 show that participants reported a very high level of per-

ceived suitability of the topics and exercises. Approximately 83% of respondents se-

lected a score of "5" or "6" (where "6" indicates "very well suited") for the topics of 

classical AI, 85% for the topics of machine learning and 88% for the topic of data 

lifecycle. Similarly, all the materials and exercises used in the training were viewed 

as well suited, with the exercise on data lifecycle with Orange3 and AI-Bingo receiving 

slightly lower scores relatively to other exercises.  
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Figure 25 Distribution of the post results for the assessment of the training topics, 10.12.2022 Vilnius, post-evalu-

ation survey, n=18 

 
Figure 26 Distribution of the post results for the assessment of the training material/exercises, 10.12.2022 Vilnius, 

post-evaluation survey, n=18 

Figure 27 shows additional items for teachers' post-training feedback, including 

training length and format. With respect to the length of the training, participants 

tend to agree that the training should have lasted longer. About 72% of the respond-

ents selected the higher scores of "5" and "6". For the item "I wish more content would 

be covered in the training", 61% of the respondents lean towards strongly agreeing 

with this statement. There is, however, a strong consensus that the training did not 
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have too many teaching materials and that the interactive format was appropriate. 

61% of the participants lean towards strongly agreeing with the statement, "The train-

ing showed me which competences I lack to teach the relevant content in class". The 

responses to the statement "I would need a lot of preparation to teach the topics and 

application examples in class" indicated a tendency towards agreement. 

 

 

Figure 27 Distribution of the post results for the assessment of the training format and outcomes, 10.12.2022 Vil-

nius, post-evaluation survey, n=18 
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3.3 Qualitative results 

3.3.1 Personal interviews 

The themes listed below were deductively derived from the research questions and 

the structure of the interview guide. The annotations on the right refer to categories 

that were assigned inductively throughout our qualitative analysis process. Given the 

novel nature of the research questions, we chose not to limit our analysis to a purely 

deductive approach. Though our initial research questions and the interview guide 

shaped the general themes, it was the inductive analysis of participant responses 

that filled these themes with detailed and meaningful content. 

 

A. Training: 

Factors prompting training participation (prior to the training) 

Regarding obtaining information about the training, the following 

was mentioned: assistance in finding courses through colleagues 

and receiving invitations through professional contacts. 

Information was 
obtained 
through col-
leagues and 
professional 
networks 

 

  

Expectations (prior to the training) 

There was an anticipation of openness to all topics. The prefer-

ence leans towards acquiring as much knowledge as possible. Par-

ticipants wished to be updated about the present status of training 

subjects. Besides the need for information, there's also a desire for 

a shift in perspective. Additionally, participants wanted to learn more 

about Orange3, which they already worked with. 

 

Building or up-
dating 
knowledge 

 

Teachers wanted to obtain new material, that can be used in the 

classroom.  

 

Need for new 
material 
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    Also, the focus was on the exchange with other training partici-

pants. 

Exchange with 
colleagues was 
expected and 
desired 

 

Design according to familiarity with DL and AI 

The interviewees reported that the training was designed accord-

ing to their previous experience and knowledge in the area of DL and 

AI. 

 

Training well-
aligned with 
pre-existing 
knowledge 

There was no participant in the interviews who indicated a high 

familiarity with AI. Regarding high familiarity levels in DL and mod-

erate/average familiarity in AI, some content was already known. 

However, both familiar and new content was explained very clearly: 

“So, yes, I guess I liked the way that the concepts were presented and the 

way that the methods were shown, the activities that we can do with the 

students and probably the higher-level explanations when talking one-on-

one. And, just to clarify not for the students, but just to know it myself.”  

(Participant C - 10.12.22, Vilnius) The content was also presented in a 

way that could be understood by both advanced and novice teach-

ers.  

 

 

Difficulty of the topics for the teachers themselves  

Most answers are (1) differentiated, while (2) few answers clearly rank difficulty. 
 
(1) It is classified depending on the subtopics and the further em-

ployment following the training: “Sometimes it depends on the topic, I 

guess, because AI is a large, large topic that could be separated into differ-

ent ones, and so is data literacy. [...] And, there are parts from like with the 

higher-level knowledge where I have to do some more research [...].”  (Par-

ticipant C - 10.12.22, Vilnius) 

 

Complexity lev-
els are depend-
ent on topics 
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(2) The difficulty arises not only from the magnitude of the topic 

of AI, but also from the complexity that goes along with it. This also 

makes it clear that there is much that is not yet known: “For me, I 

know but I do not know enough about artificial intelligence.” (Participant 

F - 10.12.22, Vilnius). To deepen the knowledge of the training, further 

training is needed.  

 

AI is viewed as 
complex and 
more training is 
needed 

Orange3 was viewed as complex, as the time for this topic and tool 

in the training was too short.  

Orange3 is 
viewed as com-
plex and more 
training is 
needed 

  

 

B. Teaching of DL and AI 

Integration of DL and AI into teaching CS at the secondary level (prior to the training) 

Integration can be divided into three areas: (1) lack of integration, (2) integration 

but not within the framework classes, and (3) integration in the classroom.  

 

(1) Non-integration refers only AI content, and not DL. Reasons 

given for this are that one focuses on programming instead and sec-

ondly a lack of own knowledge on this topic. 

 

No AI integra-
tion due to the 
lack of 
knowledge 

(2) Integration of AI outside of framework classes refers to the in-

clusion of the AI topics into extracurricular projects: “[...] because in 

our school, we used these projects for different experiments but it is like ex-

tracurricular activity more than lessons, so.”  (Participant A - 10.12.22, Vil-

nius) 

 

Integration of AI 
within extracur-
ricular activities 

 

(3) DL and AI were taught separately. In the case of DL, it also in-

volves experimenting with data, e.g., within a research project: “So, I 

Teaching DL and 
AI separately 
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challenge them [the students] to explore the data and find their own con-

clusions or raise the questions, raise the hypothesis, and then check them 

out using either really simple techniques like visualizing or we can also use 

some statistical formulas counting like correlation coefficients [...].” (Par-

ticipant H - 10.12.22, Vilnius). 

 

It can also be emphasized to use big data with many variables 

instead of small, artificial test data with only a few data points. In 

addition to basic work with data, topics such as data programs and 

internet security are also on the agenda. DL is integrated as part of 

statistics in mathematics, as a separate course, in CS via work with 

spreadsheets, and as “part of information technology lessons [computer 

science lessons]” (Participant F - 10.12.22, Vilnius). 

 

Integration of 
DL in math and 
CS classes 

AI was included into the lessons via the integration of material 

such as the monkey-robot game and "Nim" for reinforcement learn-

ing. Furthermore, video documentaries were watched, and the ethics 

of AI were discussed. Basically, real-life references are used a few 

times, e.g. “because kids use artificial intelligence every day in their lives”  

(Participant D - 10.12.22, Vilnius). Machine learning was also used as 

a teaching topic, but not too often because the grade level there was 

relatively low. 

Integration of AI 
in classroom 

 

Experience with integration of DL and AI into teaching CS at the secondary level (prior 

to the training) 

Since the students belong to different class levels, there are 

sometimes difficulties in explaining. Furthermore, a connection to 

the lack of one’s knowledge is made: “And yes, I could not really deliver, 

be a good teacher in this way and not understanding the topic myself.”  

(Participant B - 10.12.22, Vilnius) 

Difficulty of ex-
plaining due to 
the lack of 
knowledge 
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A further difficulty was seen in the lack of material, insofar as no 

'official' teaching material and no textbooks were available, which 

made teaching more difficult. 

 

Lack of material 
is a problem 

In terms of DL, students understood how to interact with data in 

different ways: “[...] what are the differences between data visualizations 

and different methods of collecting data, different sources of data, how to 

search for information on the internet and so on.”  (Participant C - 10.12.22, 

Vilnius) 

 

Students under-
stood work with 
data  

On the student side, it is described that the use of AI-unplugged 

exercises was well-received, and the students would likely be open 

to digital programs like ChatGPT in the future. 

The analogue 
exercises 
worked well, no 
digital ones 
were used yet 

 

Ability of (more) effective integration (after the training) 

In higher grade levels, the training has only to a small extent en-

abled the ability to teach the topics: “[...] you need to be a little bit 

more clever than your students. And you need to ask also/ you need 

to be prepared to answer the questions and to know how to learn 

and to learn others.”  (Participant G - 10.12.22, Vilnius) 

 

Training is not 
sufficient for in-
tegration for 
higher grade 
levels 

Regardless of the grade level, the fact that the material is in Eng-

lish and not in Lithuanian is a hindrance to the use of the material. 

This makes it difficult not only to use the material, but also to eval-

uate it by the teacher.  

 

Material being 
available only in 
English is a hin-
drance for the 
use 

In other cases, the training is evaluated positively in terms of mak-

ing the integration possible, but it cannot be implemented immedi-

ately, as materials require modification: “And I think I will try to do 

Materials can-
not be used 1:1 
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these. I will try to find something similar for my classes. So, in this way, I feel 

inspired.”  (Participant H - 10.12.22, Vilnius) 

 

If integration is possible, it is possible at the lower grade levels. Integration is 
possible for 
lower grade lev-
els 

  

 

Difficulty of imparting knowledge to school students (after the training) 

The assessment of teachability ranges from (1) differentiated to (2) high. 

 

(2) Content from the training is not considered to be suitable for 

older students, as they would quickly get bored with it. The needs 

and the level of the students must be considered, and the use of 

materials must be adjusted accordingly. Analogue exercises are not 

interesting for older students. However, the materials can be 

adapted. For example, Orange3 can be adapted for lower grades (4-

5th) as a “different way of implementing data use, like charts or just like to 

say how to get results in different form” (Participant D - 10.12.22, Vilnius). 

Such modification of the material means a lot of work for teachers. 

 

Materials must 
be tailored to 
specific grade 
levels 

 

(3) Some teachers mention a high level of reachability without fur-

ther commenting on it. 

High level of 
teachability is 
mentioned 

 

C. Establishment and steps to integrate DL and AI: 

Framework curriculum integration 

With a few exceptions, the feedback regarding framework curricu-

lum integration is overwhelmingly positive. However, teachers men-

tioned the problem of the already overloaded curriculum, which 

makes it difficult to include new topics.   

 

Positive attitude 

 

The current 
framework cur-
riculum is over-
loaded 
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Inclusion into the framework curriculum was coalesced with vari-

ous arguments. Regarding the topic of AI, it is necessary to take away 

fears and demystify the topic. Critical thinking can be promoted 

through the inclusion of the DL and AI topics. The knowledge of data 

interpretation should be increased. These topics can be linked to 

real-life scenarios, emphasizing their significance in how we per-

ceive the world: “It is a matter of thinking. It is not about, you know, just 

the programming itself or something. You know, just like how we go, how 

we see the world a little bit, you know?”  (Participant B - 10.12.22, Vilnius) 

Furthermore, as these subjects will become increasingly prevalent in 

society, it's imperative to integrate them now.   

 

Arguments for 
the inclusion 
into the frame-
work 

     Not only are specific topics discussed, but also the time allocated 

to them in the classroom. There's a call for a significant number of 

instructional hours, beginning either in primary school or early sec-

ondary school. There's also a demand for more flexibility in the 

framework curriculum. Proper integration would streamline exami-

nations, providing clarity to teachers regarding what can be as-

sessed. A substantial number of teaching hours is essential. 

High number of 
teaching hours 
is needed 

 

Steps for anchoring in the classroom 

    Another step concerns access to sufficient material (websites, 

links, material, exercises such as from the TrainDL training). These 

should also be freely accessible to teachers. Ensuring the clarity on 

how content can be taught and with which materials is a basic re-

quirement. 

 

Free and suffi-
cient material 
should be avail-
able 

    Another prerequisite is the appropriate training of: “But before-

hand, we have to know how we can use it, you know, it should be like two 

Teacher training 
should happen 
first 
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levels step teaching and also like how you approach, how you use it this mo-

ment, in the real life.”  (Participant B - 12.10.22, Vilnius) 

 

Teacher education 

Teacher training is seen as an essential block for the new frame-

work curriculum: “So, I feel that these two things, a bit of teacher training 

and a bit of changes in curriculum will move the world.”  (Participant A - 

10.12.22, Vilnius). The need for continuous training is seen: “First of all, 

train teachers, and the second is retrain teachers.” (Participant E - 

10.12.22, Vilnius) 

 

Teacher training 
is essential 

Some teachers see DL and AI as “not integral”, but “should be cov-

ered at some capacity, maybe at the basic level” (Participant C - 10.12.22, 

Vilnius). Another opinion views pedagogical competences central 

and sees them being neglected in the current teacher education so 

far.  

 

 

School curriculum 

To bring the topics into the school curriculum, the knowledge of 

the teachers is again brought into play in the form of further training. 

More materials and plans for teachers, also interdisciplinary ones 

(e.g., mathematics), are necessary.  

 

Further training 
of teachers is 
central 

Accordingly, one suggestion is to look for potential applications 

for DL and AI in the school curriculum in as many subjects as possi-

ble and to apply them there: “[...] like in geography maybe talk about 

how the GPS works and how it could be, how it finds the best route or maybe 

in math where they use different solving methods or maybe even proof.”  

(Participant C - 10.12.22, Vilnius) 

DL and AI can 
be integrated in 
other subjects 
as well, not only 
in CS 
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Since the school curriculum is based on the information technol-

ogy curriculum (CS), it is necessary to introduce AI topics in the 

framework curriculum accordingly. Another way is to deliberately 

bring the topics outside the school curriculum: “And I heard the others, 

like the projects outside of the curriculum that the schools are doing are re-

ally a good way for introducing these more complex topics to the students 

that are motivated and interested in them so that they can study more 

deeply into these topics.”  (Participant H - 10.12.22, Vilnius) 

 

Integrating AI 
outside school 
curriculum 

Barriers 

(1) For the context of Lithuania, it is stated: “But here in Lithuania, 

we do have this problem where teachers are not as enthusiastic about im-

proving their competences and attending these trainings. [...] For me, yes, 

this is a really nice idea to improve my competences, but then I cannot really 

speak for the others here.” (Participant H - 10.12.22, Vilnius) 

 

Teachers lack 
motivation to 
attend further 
trainings 

Therefore, there is uncertainty about how to introduce these top-

ics into the classroom and how to deal with them when there is no 

motivation to attend such trainings. This situation is reinforced by 

the quick development of the topics and the situation where stu-

dents might have more knowledge than the teachers. On the teach-

ing side, teachers might have fears and might feel intimidated con-

cerning the AI integration.  

 

AI topics change 
quickly 

   Another obstacle is a lack of training/preparation on the part of 

the teaching staff. Furthermore, the absence of flexibility in planning 

is highlighted, especially when topics aren't included in the school 

syllabus, yet schools expect a strict adherence to the framework cur-

riculum. 

Lack of training 
coalesced with 
strict school de-
mands 
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     One of the greatest obstacles is limited time and high workload: 

“The biggest obstacle I see it is time because preparation for artificial intel-

ligence sometimes takes huge amounts of time. You need to gather all data. 

You need to separate it. You need to understand what level your children 

are at, because you can gather a lot of data about artificial intelligence that 

they do not even have any ground to stand on with that information [...].”  

(Participant D - 10.12.22, Vilnius) Without understanding from the 

teachers, there is no understanding from the students. Moreover, 

due to the lack of time, interesting 'side paths' cannot be taken when 

preparation for the exam sessions is such a high priority.  

 

Limited time 
and high work-
load are major 
obstacles 

D. (Possible) changes through the integration of DL and AI in the framework cur-

ricula: 

Students 

Understanding new concepts and technologies, working with data 

leads to decision-making skills, which will also have an impact on 

later life outside school. The understanding also relates to everyday 

applications such as search engines (Google). Students are empow-

ered to help shape the future.  

 

Empowering 
students to 
make informed 
decisions and 
shape the fu-
ture  

The integration could lead to better data security decisions.  Data security 

 

It was suggested that students, as members of society, can pro-

mote transparency and have a broader societal impact through their 

interactions. “[...] because our students are the part of society, they would 

talk more about transparency with parents, with their friends maybe a little 

bit, but have an impact.”  (Participant E - 10.12.22, Vilnius)  

 

Social impact 

Data can be used to provide support services, for example it can 

be used to predict patterns and, for example, to forecast whether 

students need help now or in the future. AI could personalise the 

DL and AI could 
be used to sup-
port students in 
their learning 
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institutionalised teaching and learning process (lessons, tests, ma-

terials). It can also be used “for the design of projects, or using it for 

learning languages, or anything like that” (Participant H - 10.12.22, Vil-

nius). 

  

School authorities, schools, and school curriculum 

Some teachers mentioned suggestions for the use of AI at the 

level of the school administration: “[...] about how artificial intelligence 

can be used in the school administration, for administrative purposes, and 

what kind of data we collect [...] and how we can later make a decision and 

say find students with psychological difficulties or with learning problems 

and so on, not only using psychological models but also getting from the 

data we are collecting and other steps [...].”  (Participant B - 10.12.22, Vil-

nius) Linked to this is also the use of anticipating future conditions 

and influencing, for example, school interior design and curriculum, 

in short: “Adapting the school making it more beneficial for the students 

and maybe the teachers.”  (Participant C - 10.12.22, Vilnius) 

AI can be used 
at the school 
administrative 
level  

 

Society 

AI problem-oriented solutions could be introduced, so that, for 

example, people with needs could be identified early and be pro-

vided with help.  

 

AI could be 
used to target 
social problems 

DL can contribute to solving and avoiding political problems: “I 

feel that/ and also especially during the pandemic when there were discus-

sions about the vaccines [...] society was really divided over the topic that 

probably could have been solved if data literacy and statistics/ understand-

ing the data, interpreting the data, finding the information, evaluating 

whether these statistical inferences are correct or not, then this competence 

Data literacy 
can help miti-
gating societal 
divisions 
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could have solved our even political problems here.”  (Participant H - 

10.12.22, Vilnius) 

 

The topics can lead to optimising workflows, making jobs and cre-

ative processes easier.  

 
 
DL and AI could 
lead to more ef-
ficiency and 
creativity at 
work 

 

E. Training feedback and potential for improvement: 

Length  

All teachers found the duration acceptable. Some proposed ex-

tending the training into a series spread over several weeks or a 

month, allowing for more in-depth knowledge acquisition and the 

opportunity to test the training content with students intermittently. 

7 hours is a 
good length, but 
a series of train-
ings could be 
tried out 

 

Content 

Topics (Classical AI) and individual exercises ("Good Monkey - Bad 

Monkey" Game, "Shopping Cart" Game) were praised. The content 

was rated as useful.  

 

Content was 
positively 
praised 

Orange3 was generally viewed positively and found interesting. 

However, some feedback included desires for a more in-depth ex-

ploration of the program, comments that the allocated time was too 

brief or that the content was presented too hastily. There were also 

suggestions to pair Orange3 with other software and to explore more 

features beyond just decision trees.  

 

One teacher emphasized the importance of data preparation, re-

marking: “And I think it is, I would say that at least people, they must ana-

lyse this data but probably to clean themselves this data or to prepare them-

selves this data. Otherwise, it is not so easy to understand how we are get-

ting to this data for this Orange tool example.”  (Participant A - 10.12.22, 

Orange3 re-
quires more 
time 

 

 

 

 

                        
 
 
Cleaning and 
evaluating data 
can be useful 
activity 
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Vilnius) The preparation can then take place in a Google form, for 

example. It would also be helpful to know how to evaluate data 

(good/bad data). 

 

Apart from this, other topics of interest include neural networks, 

real-time face and voice recognition in the training itself, e.g., for 

gender assignment.  

Other AI topics 
of interest: neu-
tral networks, 
real time recog-
nition of faces 
and voices 

 

There's a need for a more detailed understanding of AI function-

ing (like in video games) to effectively convey this to students. Addi-

tionally, exploring how AI can be integrated across diverse subjects 

such as art, music, and literacy is essential, offering multiple per-

spectives on its application. 

Deeper under-
standing of AI is 
needed to con-
vey knowledge 
to students 

 

Format  

 

The training format was highly appreciated, seen as a well-struc-

tured extended lecture complemented with exercises, and was per-

fectly aligned to the target audience's needs: “For today it was very 

good because it is clear that the lecturer did know what her audience was.”  

(Participant F - 10.12.22, Vilnius) 

Format received 
positive feed-
back 

 

Interaction 

The interaction was highly valued A good balance was achieved 

with the lecture component, ensuring that questions were addressed 

and tools were explained in an accessible manner for all. 

 

The level of in-
teraction was 
praised 

TrainDL training (other factors, overall view) 

The presentation's clarity stood out: “But like it was presented today, 

everyone liked it. I think that it was a good form and seminars like this are 

Presentation of 
material was 
clear 
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acceptable by teachers, they will understand everything because everything 

is made step by step. You do not just dive into the course without any prep-

aration. So, I like it very much, and I think it is a good teacher training vari-

ation.”  (Participant D - 10.12.22, Vilnius) 

 

The training provided a beneficial introduction to the topics and 

successfully introduced new content to participants. The overall 

structure of the training was praised, emphasizing its student-centric 

approach: : “[...] from the kids, like for the monkeys, that was really truly 

interesting and there was like understandable for us as young people for 

the person.” (Participant G - 10.12.22, Vilnius) 

 

The structure of 
the training was 
good 

It was suggested to work more in small groups: “Maybe smaller 

groups could help sometimes. Like going into smaller groups of like five peo-

ple or something like that, some maybe workshops of methods and so on.” 

(Participant C - 10.12.22, Vilnius) 

 

More small 
group activities 
could be benefi-
cial 

 Regarding integration, there's a desire for concrete lesson imple-

mentation plans with varying difficulty levels (“simple, normal, and 

higher”) (Participant E - 10.12.22, Vilnius).  

 

Implementation 
plans with vary-
ing difficulty 
levels are 
needed 

Material in Lithuanian is requested, as the translation of the ma-

terial into English is time-consuming. 

Material in Lith-
uanian is 
needed 

 

Other trainings (not TrainDL) 

Ideally, more events similar to TrainDL are encouraged, not just 

for the targeted teacher group. For CS teachers, an expansion into 

AI-specific subjects is recommended: “I guess, yes, teacher training 

maybe some, not mandatory, but maybe optional courses that would be 

concentrated on methods and on maybe two different subject teachers. 

More teacher 
training is 
needed 
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Where there is AI for like geography teachers and then maybe a separate 

course where there is AI in, I do not know, maybe in technology and so on.” 

(Participant C - 10.12.22, Vilnius) 

 

Deep learning and neural networks, for example, could then be 

dealt with in a topic-related manner. For DL, it is suggested to make 

the applicability in real and school life clear as well as to design 

further training for other subjects apart from CS, as they also work 

with data.  

DL can be 
taught outside 
of CS 

3.4 Summary 

The participants in the CS training in Vilnius were predominantly in-service teach-

ers. Their second subjects were diverse, with mathematics being the most common. 

Many of the participants had at least some experience of teaching DL in their classes. 

The training had a high representation of women, which aligns with the high ratio of 

female teachers in Lithuania in general.  

 

The findings from the pre- and post-policy evaluation survey indicate that the 

training had a positive impact on teachers' perceived competences on how to use AI 

in class. The Wilcoxon signed-rank test did not indicate a statistically significant dif-

ference between the pre- and post-training for the item on how to use DL in class, 

albeit the average pre-training level was already relatively high. The willingness to 

invest time and effort to incorporate DL and AI was generally high. Participants ex-

pressed a tendency towards agreement with the statement that they have acquired 

sufficient competences to teach the learned content in class. 

 

Self-report knowledge questions showed that participants improved their under-

standing of both DL and AI concepts. However, objective knowledge test confirmed 

that only for the AI part. The distributions of the pre- and post-scores were quite 
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similar and the Wilcoxon signed-rank test showed no statistically significant differ-

ence for the DL knowledge test scores.  

 

The post-evaluation survey provided further insights on teachers' reactions to-

wards the materials and exercises of the training. All the materials and exercises used 

in the training were viewed as well suited, with the data lifecycle exercise using Or-

ange3 and AI-Bingo receiving slightly lower scores relatively to other exercises. With 

respect to the length of the training, participants tend to agree that the training 

should have lasted longer. There is, however, a strong consensus that the training did 

not have too many teaching materials and that the interactive format was appropri-

ate. Participants, on average, indicated agreement with the statement that the train-

ing successfully highlighted the competences they need to enhance to teach the rel-

evant content in class. Furthermore, the responses also demonstrated a tendency 

towards agreement with the statement that substantial preparation would be re-

quired to effectively deliver the topics and application examples in class. 

 

All teachers acknowledged high importance DL and AI competences for both stu-

dents and society. Participants express a tendency to believe that AI and DL content 

is lacking in the current CS framework curriculum. This perception does not change 

immediately after the training, as there is no statistically significant difference be-

tween the pre- and post-results. Similarly, there is no significant difference for the 

pre- and post-results for the items: "In the future, teaching DL/AI will provide added 

value to students." Additionally, the item on the societal importance of both topics 

collected only in the post-survey, revealed a very high level of agreement that DL and 

AI have enough societal importance to be incorporated into the curriculum. Findings 

also suggest that teachers have positive expectations about students' interest and 

their ability to generate student excitement and engagement for DL and AI topics. 

 

Overall, the quantitative findings (albeit limited by a small sample size) suggest 

that the 7-hour CS training in Vilnius enhanced teachers' perceived competences on 

how to use AI in class, as well as their understanding of AI-concepts. The DL-content 
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of the training was more challenging. The findings also suggest that while participants 

report positive attitudes towards DL and AI, we cannot conclude that the training had 

an impact on that. The high level of agreement among participants regarding the 

training's ability to reveal the competences teachers lack, along with the shared per-

spective that a longer duration would be desirable, suggests limitations of a single 7-

hour training for the comprehensive integration of DL and AI topics into teaching.  

 

The qualitative findings showed that the training was, for the most part, designed 

in accordance with the participants' prior experiences, albeit teachers perceived the 

topics as complex and wish more training. The time allocated to Orange3 and data 

lifecycle was viewed as too short. They also state, that materials must be tailored to 

specific grade levels and be provided in Lithuanian language. Some of the topics had 

been partially integrated into the classroom previously, but within this integration AI 

received less focus, due to the lack of teacher proficiency in that topic.  

 

Opinions regarding the feasibility of integration after the training are mixed. For 

some interviewees, the training alone doesn't sufficiently prepare them for immedi-

ate integration. For others, immediate integration is possible, but this primarily ap-

plies to basic concepts and lower grade levels.  

 

The integration of the framework curriculum for DL and AI is viewed positively and 

should be supported by an adequate number of instructional hours. The goal should 

be to weave these subjects into a wide range of disciplines, not limited to CS. How-

ever, this requires teachers to have the necessary knowledge and access to relevant 

teaching materials. There's generally consensus on the need for corresponding 

teacher education. Barriers to introducing DL and AI into the classroom include the 

rapid pace of these topics, insufficient time and proficiency on the part of the teach-

ers, and the already overloaded framework curriculum. 

 

Introducing DL and AI into the framework curriculum is seen overwhelmingly pos-

itively, underscoring their high relevance and importance. However, the challenge lies 
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in scaling up teacher training, as many educators exhibit limited motivation for at-

tending extended training sessions. It's imperative to devise strategies that incentiv-

ize teachers to engage in comprehensive training, transitioning beyond mere one-off 

sessions to a series that allows them to apply their learnings in a classroom setting 

in real-time. 

4. CS in-service training, Lithuania 

4.1 Sample 

The sample of the pre-survey included 19 participants from Vienna (11 partici-

pants), Lower Austria (5 participants), Upper Austria (1 participant), Styria (1 partici-

pant), and Voralberg (1 participant). Figure 28 describes socio-demographic data of 

the participants as reported in the pre-survey. The average age of the participants in 

the training was 41 years old, ranging from 26 to a maximum of 61 years. Three out of 

19 participants were women (16%). One person has chosen a non-binary category, 

"diverse". All the participants were fully trained in-service teachers. Everyone with 

one exception indicated that they teach at the lower secondary and upper secondary 

level. One participant selected the category "other". Out of 19 participants, nine were 

teaching at a general education secondary school. Others reported types of schools 

included: vocational higher education institution, secondary school, and polytechnic 

school. 

 

In Austria, informatics is initially taught as part of other subjects at lower second-

ary level and later introduced as a separate subject (European Commission / EACEA 

/ Eurydice). Based on the 2020 indicators released by the OECD, the share of women 

for all subjects at the lower and upper secondary level is similar to that of Germany 

- 65% (OECD 2023c). In terms of age group distribution for secondary school teachers, 

14% of teachers are under 30. The 30-39 age bracket accounted for 19% of the work-

force, while the 40-49 and 50-59 age groups represented 23% and 34% respectively. 

12% of teachers are 60 years old or older (OECD 2023c). Unfortunately, data subdivided 
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by age and teaching subjects and specifically for CS teachers were readily accessible 

at the time of this report.  

 

 
Figure 28 Socio-demographic data of the participants, 31.01.2023 Vienna, pre-evaluation survey, n=19 

Except for one person who was teaching ethics and religion (albeit in the context 

of CS), all the participants were teaching CS as a subject, with the following addi-

tional/second subjects: digital basic education, mathematics, ECDL (European Com-

puter Driving Licence), physics, chemistry, economics, ethics, geography, geometry, 

music, psychology and philosophy, and other. According to the pre-survey, digital 
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basic education and mathematics were the most common second subjects among 

the participants. Prior to the workshop, most participants had some experience 

teaching DL in class. As Figure 29 shows, while 12 of the participants never taught AI 

in class, only 5 out of 19 respondents reported never conveying knowledge about DL 

in class.  

 

 
Figure 29 Experience with DL/AI, 31.01.2023 Vienna, pre-evaluation survey, n=19 

4.2 Quantitative results 

4.2.1 Perceived competences on how to use DL/AI in class 

In both the pre- and post-surveys, participants were asked to rate their perceived 

competences in how to use DL and AI content in the classroom using a 6-point scale. 

Figure 30 and Table 13 demonstrate that on average respondents showed an increase 

in perceived competences for both DL and AI.  

 

For the DL part, the median score increased from 2.5 to 4.0. The Wilcoxon signed-

rank test showed a statistically significant difference between the pre- and post-dis-

tributions at the 5% level. Additionally, the interquartile range (IQR) notably de-

creased, indicating a reduction in the variability of post-training responses. For the 

AI part, the median score increased from an initial score of 3.5 to a post-training score 

of 4.5. The Wilcoxon signed-rank test indicated a statistically significant difference 
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between the pre- and post-distributions at the 1% level. The spread of the central 

50% of the data also became smaller. 

 

Question Median Q1  Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

I know how to use content 

about DL in the classroom  

2.5 4.0 1.0 4.0 4.0 4.0 1 3 5 5 

I know how to use content 

about AI in the classroom 
3.5 4.5 2..25 4.0 4.0 5.0 1 3 5 5 

I am willing to invest time and 

effort to incorporate DL into 

my teaching 

- 5.0 - 3.75 - 5.25 - 3 - 6 

I am willing to invest time and 

effort to incorporate AI into my 

teaching 

- 5.0 - 4.75 - 6.0 - 4 - 6 

After the training I have gath-

ered enough competences to 

teach the learned content in 

class 

- 4.0 - 3.0 - 4.25 - 2  5 

Table 14 Summary statistics of pre- and post-results for the survey items on teachers' perceived competences to 

use DL and AI content in class and post-survey results for additional items, 31.01.2023 Vienna, pre-and post-

evaluation survey, n=14 
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Figure 30 Boxplot comparison of pre- and post-results for the survey items on teachers' perceived competences 

to use DL and AI content in class, 31.01.2023 Vienna, pre- and post-evaluation survey, n=14 

Figure 31 and Table 14 provide an overview of additional survey items that were 

measured only in the post-evaluation of the survey. Participants were asked about 

their agreement with the statements: "I am willing to invest time and effort to incor-

porate DL/AI into my teaching". For both DL and AI, most participants selected cate-

gories "5" and "6", indicating a strong willingness to invest time and effort to incor-

porate DL and AI into their teaching. After the training, participants were asked about 

their agreement with the statement: "After the training, I have gathered enough com-

petences to teach the learned content in class". The statistics for this post-survey 

item suggest a moderate level of agreement among respondents. 

 

Overall, the findings indicate that the CS training enhanced teachers' perceived 

level of competences on how to use both DL and AI in their teaching. In addition, the 

post-survey measures revealed a positive inclination among participants to dedicate 

time and effort towards integrating DL and AI into their teaching. On average, partic-

ipants expressed a moderate level of agreement with the statement that they have 

acquired enough competences to teach the learned content in class after the training. 
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Figure 31 Boxplot of post results for the survey items on teachers' perceived competences and willingness to 

invest time and effort to incorporate DL and AI into their teaching, 31.01.2023 Vienna, post-evaluation survey, 

n=15 

4.2.2 Understanding of DL/AI topics presented in the training  

For both DL and AI self-assessment questions, there is an increase in median 

scores, with differences between the pre- and post-scores being statistically signifi-

cant only for the AI set of questions at 1% (see Figure 32 and Table 15). The IQR re-

duced for the post-training values for both DL and AI values. 

 

Question Median Q1 Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

Self-assessment for DL  2.5 3.0 2.0 3.0 3.0 3.0 1 3 4 5 

Self-assessment for AI 2.0 4.0 2.0 4.0 3.75 4.0 1 3 4 5 

Knowledge test DL 1.7 2.2 0.6 1.5 2.15 2.5 0.0 3.0 1.0 3.2 

Knowledge test AI 4.5 6.5 2.25 5.5 5.75 7.0 0.0 8.5 3.0 9.5 

Table 15 Summary statistics of pre- and post-results for self-assessment and knowledge test, 31.01.2023 Vienna, 

pre- and post-self-assessment and knowledge test, n=11 
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Figure 32 Boxplot comparison of pre- and post-results for self-report knowledge questions on DL (15 questions) 

and AI (10 questions), 31.01.2023 Vienna, pre- and post-self-assessment and knowledge test, n=11 

Immediately after the workshop, participants demonstrated a higher median score 

and smaller IQR for the AI objective knowledge questions compared to the pre-train-

ing results (see Table 15 and Figure 33). The Wilcoxon signed-rank test indicated a 

statistically significant difference between the pre- and post-distributions at the 1% 

level. The post-training increase in the understanding of the DL concepts as meas-

ured via objective questions was not as notable. Yet, the median score increased 

slightly, IQR reduced, and the Wilcoxon signed-rank test indicated a statistically sig-

nificant difference between the pre- and post-distributions at the 5% level. Given that 

the maximum score for DL is 4.0 and for AI 10.0, on average respondents had difficul-

ties grasping all the concepts introduced in the training.  
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Figure 33 Boxplot comparison of pre- and post-results for knowledge questions on DL (4 questions) and AI (10 

questions), 31.01.2023 Vienna, pre- and post-self-assessment and knowledge test, n=11 

4.2.3 Attitudes towards DL/AI  

Table 16 and Figure 34 describe the distribution for the survey items on teachers' 

perception of importance of DL and AI, which were measured via both pre- and post-

policy experimentation surveys: "In the future, teaching DL/AI will provide added 

value to students" and "I think the content of DL/AI is missing in the current frame-

work curriculum of CS." 

 

For both DL and AI items, participants express a tendency to believe that either 

content is lacking in the current CS framework curriculum, although there is no strong 

consensus among the responses. There is no statistically significant difference be-

tween the pre- and post-results, albeit the post-training values for the AI curriculum 

item reduced from 5.0 to 4.0 with the spread of the values being quite high. 

 

Similarly, there is no statistically significant difference for the pre- and post-results 

of the items: "In the future, teaching DL/AI will provide added value to students." 

However, participants indicated a notably high score for both items in the pre-survey 
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as well as the post-survey, indicating a pre-existing high level of perceived im-

portance of DL and AI for teaching prior to the training. 

 

Question Median Q1 Q3 Min. Max. 

Pre Post Pre Post Pre Post Pre Post Pre Post 

In the future, teaching DL 

will provide added value 

to students 

5.0 5.0 5.0 5.0 6.0 6.0 4 2 6 6 

In the future, teaching AI 

will provide added value 

to students 

6.0 5.0 5.0 5.0 6.0 5.0 4 3 6 6 

I think the content of DL 

is missing in the current 

framework curriculum of 

computer science 

4.0 4.0 3.0 3.0 5.0 5.0 2 2 6 6 

I think the content of AI 

is missing in the current 

framework curriculum of 

computer science 

5.0 4.0 4.0 3.0 6.0 5.0 2 2 6 6 

The topic of DL is of 

enough societal im-

portance to integrate it 

into the curriculum 

- 5.0 - 5.0 - 6.0 - 4 - 6 

The topic of AI is of 

enough societal im-

portance to integrate it 

into the curriculum 

- 5.0 - 5.0 - 6.0 - 5 - 6 

Table 16 Summary statistics of pre- and post-results for a set of survey items on teachers' perception of im-

portance of DL and AI, 31.01.2023 Vienna, pre- and post-evaluation survey, n=13 
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Figure 34 Boxplot comparison of pre- and post-results for a survey item on teachers' perception of importance 

of DL and AI, 31.01.2023 Vienna, pre- and post-evaluation survey, n=13 

Similar to the trainings in Berlin and Vilnius, an additional survey item adminis-

tered only in the post-survey revealed a strong consensus regarding the societal sig-

nificance of DL and AI, with participants highly agreeing that these topics are of 

enough societal importance to be integrated into the curriculum (see Figure 35 and 

Table 16). 
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Figure 35 Boxplot comparison of post results for the survey items on teachers' perception of societal importance 

of DL and AI for integration into the curriculum, 31.01.2023 Vienna, post-evaluation survey, n=15 

4.2.4 Perceptions of student engagement  

In the post-survey, teachers were posed targeted questions to evaluate their an-

ticipations regarding students' interest and their own perceived capacity to foster 

student engagement and enthusiasm in DL and AI subjects. These questions included 

statements such as "I can imagine my students show enthusiasm for the overall topic 

of DL/AI" and "I am confident that I can get students excited about DL/AI-projects." 

 

The finding presented in Figure 36 and Table 17 showcase a generally optimistic 

anticipation of students' interest for both DL and AI. Figure 37 and Table 17 also indi-

cate a notably high level of confidence among teachers regarding their ability to mo-

tivate students for DL and AI projects.  
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Question Median 

 

Q1 

 

Q3 

 

Min. 

 

Max. 

 

Scale 

I can imagine my students show enthu-

siasm for the overall topic of DL 

5.0 4.0 5.0 3 6 1-6 

I can imagine my students show enthu-

siasm for the overall topic of AI 
5.0 5.0 5.0 3 6 1-6 

I am confident that I can get students 

excited about DL-projects 
3.0 3.0 3.0 3 4 1-4 

I am confident that I can get students 

excited about AI-projects 
3.0 3.0 3.0 3 4 1-4 

Table 17 Summary statistics of post results for the survey item "I can imagine that my students will show enthu-

siasm for the overall topic of DL/AI", 31.01.2023 Vienna, post-evaluation survey, n=15 

 

 
Figure 36 Boxplot of post results for the survey item on perception of student engagement, 31.01.2023 Vienna, 

post-evaluation survey, n=15 
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Figure 37 Boxplot of post results for the survey item "I am confident that I can get students excited about DL/AI-

projects", 31.01.2023 Vienna, post-evaluation survey, n=15 

4.2.5 Feedback on the learned content and format  

The post-survey included a series of questions to assess participants' reactions to 

the topics, materials and exercises covered in the training. Figure 38 and Figure 39 

present the feedback. The findings indicate that most participants consider the pre-

sented topics of classical AI and machine learning (ML) to be rather suitable for their 

teaching. Approximately 87% of respondents selected a score of "4", "5" or "6" (where 

"6" indicates a high level of suitability). However, the topic of data lifecycle was viewed 

as less suitable, with only 60% of respondents selecting a score from "4" to "6." Sim-

ilarly, when evaluating the materials and exercises used in the training, it was ob-

served that the exercise on data lifecycle using the Orange3 tool did not yield as 

positive results as the other exercises. While at least 70% of respondents rated all 

other exercises as "4", "5" or "6" indicating high suitability for teaching, only 53% of 

participants gave the data literacy exercise with Orange3 the same rating. The results 

suggest that participants highly appreciate and perceive classical AI and ML topics as 

suitable for teaching, whereas there is a need for improving the delivery of the data 

lifecycle topic and the DL exercise with Orange3. 
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Figure 38 Distribution of the post results for the assessment of the training topics, 31.01.2023 Vienna, post-evalu-

ation survey, n=15 

 

 
Figure 39 Distribution of the post results for the assessment of the training material/exercises, 31.01.2023 Vi-

enna, post-evaluation survey, n=15 

Figure 40 shows the results of teachers' feedback on training format and length. 

With respect to the length of the training, participants are somewhat divided in their 

opinions, and there is no indication of strong consensus for the statement that the 

training should have lasted longer. Of the 15 participants, five selected the higher 
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scores of "5" and "6", whereas three respondents opted for the lower scores of "1" and 

"2". The remaining participants selected scores within the intermediate range. The 

results regarding the item "I wish more content would be covered in the training" are 

also rather mixed, with eight respondents strongly leaning towards disagreeing with 

this statement and three respondents strongly agreeing with it. There is, however, a 

strong consensus that the training did not have too many teaching materials and that 

the interactive format was appropriate. Most of the participants lean towards agree-

ing with the statement, "The training showed me which competences I lack to teach 

the relevant content in class". The statement "I would need a lot of preparation to 

teach the topics and application examples in class" had a rather mixed response, 

slightly leaning towards agreeing with the statement.  

 

 

 

Figure 40 Distribution of the post results for the assessment of the training format and outcomes, 31.01.2023 Vi-

enna, post-evaluation survey, n=15 
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4.3 Qualitative results 

4.3.1 Personal interviews 

The themes listed below were deductively derived from the research questions and 

the structure of the interview guide. The annotations on the right refer to categories 

that were assigned inductively throughout our qualitative analysis process. Given the 

novel nature of the research questions, we chose not to limit our analysis to a purely 

deductive approach. Though our initial research questions and the interview guide 

shaped the general themes, it was the inductive analysis of participant responses 

that filled these themes with detailed and meaningful content. 

 

A. Training: 

Factors prompting training participation (prior to the training) 

One teacher mentioned attending the TrainDL event, as attending 

OCG events became a routine. 

 

Participation 
due to regular 
attendance of 
OCG seminars 

Other participants mentioned learning about the TrainDL seminar 

from others: through (former) colleagues or via e-mail/newsletters 

from the OCG. 

Information was 
obtained 
through col-
leagues and 
professional 
networks 

 

Expectations (prior to the training) 

General expectations are that understanding of the topics will be 

provided: “The expectation is, of course, that you still understand every-

thing. That's probably not feasible. But it's my first piece of cake.”  (Partic-

ipant A - 31.01.23, Vienna). The desire to learn. 

 

Building or up-
dating 
knowledge 

Another motivation is expending knowledge, which is evident in 

the concretely expressed desire for better handling of, for example, 

data science. Other specific wishes include a foundation for analys-

Need for mate-
rial 
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ing tangible problems, solutions that can be immediately imple-

mented in the elective CS course, and a script or textbook containing 

material on AI 

 

    One participant reported having no expectations No expectations 
for the training 

  

Design according to previous experience (after the training) 

According to the interviewees, the difficulty of the training was 

adjusted to the levels of prior knowledge in DL and AI: “In principle, I 

was led slowly with a bit of explanation.” (Participant F - 31.01.23, Vienna).  

Training well-
aligned with 
pre-existing 
knowledge 

 

 

Difficulty of the topics for the teachers themselves (after the training) 

The topic's complexity varied among respondents, with some find-

ing it especially intricate in areas like AI, while others viewed it as 

less challenging. However, even those who found it simpler felt a 

need for deeper engagement: “If I had to recap the whole thing now and 

write it together once, I would have to sit down again, read through every-

thing, and work all over again.” (Participant F - 31.01.23, Vienna) 

Topics (espe-
cially AI) are 
viewed as rather 
complex 

  

B. Teaching of DL and AI: 

Experience with integration of DL and AI into teaching CS at the secondary level (prior 

to the training) 

Integration can be divided into three areas: (1) lack integration, (2) occasional in-

tegration, and (3) integration in the classroom. 

 

(1) The main reason for the lack of integration is the lack of 

knowledge and available materials that could be easily accessed by 

No integration 
due to the lack 
of knowledge 
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the teachers: “[...] after various definitions are also a bit blurred and eve-

rything flows a bit into each other, it is also difficult to really make it clear 

to the children what exactly artificial intelligence is.” (Participant B - 

31.01.23, Vienna)  

Logistical constraints are another factor cited, with some noting 

that there are simply other priorities to address. 

 

No integration 
as integrating 
DL and AI is not 
mandatory 

    (2) Topics were also integrated occasionally without an AI focus: 

“Unconsciously perhaps, but not focused. So this Google one, I used that of 

course, but the focus was not on: was that an AI behind it, but on the tool, 

what can it do? How do I use it?”  (Participant A - 31.01.2023, Vienna) 

 

Occasional inte-
gration of tools 

    (3) The integration via the EDLRIS (European Driving License for 

Robots and Intelligent Systems) was positively received.  Moreover, 

analogue exercises rooted in the EDLRIS framework were conducted. 

Integrations that aren't directly tied to this module were also noted. 

The Imaris software was utilized effectively as well. 

 

Integration was 
implemented 
via EDLRIS mod-
ule and with 
Imaris software 

In the context of machine learning, Python were successfully used.  Python was 
used for ML 

It was emphasized that one should compare the exercise used in 

class to an existing technology in everyday life. “I would have done it 

that way, I did it that way. That it is simply clear that we already deal with 

these techniques naturally. Without us being aware of it. And I think that 

students need to be a bit more aware of this.”  (Participant D - 31.01.23, 

Vienna) 

Examples from 
everyday life are 
helpful 

 

Ability of (more) effective integration (after training) 

This category can be divided into (1) Immediate integration, (2) integration of the-

ory without practical aspects, and (3) integration not yet possible. 
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(1) Some participants noted that some of the content of the train-

ing could be integrated immediately: “So I already think that I can use 

the content of today's training, that I can use that. Definitely. Yes, so regard-

ing today, I can take that and copy paste and use it.” (Participant E - 

31.01.23, Vienna) 

 

Immediate inte-
gration is pos-
sible 

    (2) Other participants feel able to teach theory but not to work 

practically with examples. 

 

Not ready to 
teach beyond 
theory 

There is some resistance to using analogue games introduced 

during the training, hence digital exercises are needed.  

Resistance to 
use analogue 
exercises, digital 
exercises are 
needed 

Programs like Orange3 are seen as valuable aids to integration for 

beginner levels with no programming. 

 

Orange3 can be 
helpful for be-
ginners 

(3) Other interview partners do not see themselves immediately 

in a position to integrate the training content, since only basic 

knowledge has been imparted. After all, more than basic knowledge 

is needed to teach: “And I think that a teacher probably has to go all the 

way up so that afterwards he knows how far down he has to go for the (stu-

dents?).” (Participant C - 31.01.2023, Vienna) 

 

Training is not 
sufficient for in-
tegration  

Given the current content of the training, for successful integra-

tion, time-intensive personal efforts are required. These efforts in-

clude deeper engagement and rehearsal. 

Teachers have 
to invest time to 
acquire 
knowledge and 
create course 
content 

  

Difficulty of imparting knowledge to students (after the training) 

The following basic requirements for teachability are mentioned: 

“I believe that you have to start with the students at a very, very basic level, 

namely with their own skills. That is, one would have to look at what kind of 

logical way of thinking students have.“  (Participant B - 31.01.23, Vienna) 

One should 
start with stu-
dents’ logical 
thinking and 
than move to 
problem-solving 
with computers 
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Afterwards, one can guide students to teach problem-solving with 

computers or certain programs or to apply them in exercises. Then 

the step can be completed by a reflection “if that was your strategy 

now, how does the computer come up with its strategy?”  (Participant B - 

01/31/23, Vienna).  

 

 

The relatively new subject "Digital Basic Education" ("Digitale 

Grundbildung") aims to impart the required digital skills at the lower 

secondary level, which is a required foundation for teaching DL and 

AI. However, it's crucial to address the knowledge gap for those stu-

dents in the upper secondary level who do/did not have access to 

this subject, ensuring they also reach an appropriate level of under-

standing. 

Not all students 
have basic digi-
tal skills re-
quired for 
teaching DL and 
AI 

In terms of low-threshold access, Orange3 with its visualization 

potential could be both accessible and teachable in terms of diffi-

culty. The same applies to analogue exercises such as "Good Monkey 

- Bad Monkey". 

 

Orange3 and 
"Good Monkey - 
Bad Monkey" 
game could be 
exercises with 
lower threshold 

Some teachers view Orange3 tool to be challenging and need 

more guidelines on how to set up exercises: “I already hear students 

saying: I'm done now. What shall I do next?”  (Participant F - 31.01.23, 

Vienna) 

 

Need more help 
to set up exer-
cises with Or-
ange3 

There are concerns regarding how students can grasp and inter-

nalize the learning content while working independently with Or-

ange3. Nonetheless, it's believed that effective assignments can be 

crafted using the tool, even if the specifics of these tasks remain 

uncertain and require additional time. 

Orange3 as it is 
taught within 
the training re-
quires more 
concrete guide-
lines and exer-
cises  
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C. Establishment and steps to integrate DL and AI: 

Framework curriculum integration 

Regarding its integration into the framework curriculum, the feedback is over-

whelmingly positive. 

 

Incorporating DL and AI into the framework curriculum has been 

well-received, especially since these technologies are now embed-

ded in numerous applications, we use daily. As DL and AI have a 

growing impact on society, it's essential that the curriculum empha-

sizes them, ensuring students can readily relate these subjects to 

real-world scenarios. 

 

DL and AI are 
highly relevant 
for framework 
curriculum 

Before AI is incorporated into the framework curriculum, there's a 

suggestion for the stronger integration of digital basic education 

across all the secondary grades. AI already features in the 'digital 

basic education' subject at the lower secondary level (secondary 

level 1). However, it's crucial for it to be consistently addressed 

across various grade levels. This subject acts as a gateway, paving 

the way for the future integration of AI and other related topics. It's 

vital that AI becomes a standard topic from the lower secondary level 

onwards. As for the broader theme of continuous integration, there's 

ongoing debate about introducing CS topics at the primary level. 

 

Basic digital ed-
ucation needs 
to be addressed 
across all sec-
ondary grade 
levels as a pre-
requisite for AI 
integration 

Teaching related to the topics should not be isolated to CS but 

should be understood and integrated as interdisciplinary. This is jus-

tified with the consequences of AI: “Because simply the impact social 

(unintelligible) thus plays into all areas and that is a social topic simply. And 

actually all [subjects] would have to make it, which concerns them more or 

less.”  (Participant C - 31.01.2023, Vienna). The topics should be taught 

for different subjects but with different intensity and depending on 

Interdisciplinary 
integration of AI 
is needed 
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the subject. AI can then be addressed in more detail in the subject 

of computer science, for example.  

 

For CS, it is considered necessary to make it from an elective to a 

compulsory subject. In addition, it is currently only planned as a one-

year course with two hours in the upper school. This is not sufficient 

for AI in particular; instead, it should be represented consistently 

with two hours in the upper school until graduation.   

CS should be a 
compulsory 
subject with at 
least two hours 

Another opinion is that integration into the framework curriculum 

is challenging, as the framework curriculum is overloaded: “I don't 

know. Well, it's so overloaded that when you have to add something new to 

it, it probably offers little value.”  (Participant F - 31.01.23, Vienna) 

 

 In addition, teachers have some autonomy and can decide to 

teach content beyond the scope of the framework curriculum. 

Framework cur-
riculum is al-
ready over-
loaded 

 

 
 
 
 
 
 
Integration into 
the framework 
curriculum is 
not essential, as 
teachers can 
teach content 
beyond its 
scope 

 

Steps for anchoring in the classroom 

Consideration is being given to attending advanced training 

courses, such as the ENARIS (Education and Awareness for Intelligent 

Systems) workshops, which cater to non-CS teachers as well. Addi-

tionally, there's a proposal to provide continuous interdisciplinary 

training on the topic of AI, collaborating with pedagogical universi-

ties. 

 

Interdisciplinary 
trainings for CS 
and teachers 
from other ar-
eas is needed 

Some teachers think, that DL and AI should be integrated into the 

framework curriculum of other subjects (non-CS) as well. 

Integrate DL and 
AI into the 
framework cur-
riculum of other 
subjects 
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Essential measures include building teacher knowledge, allocat-

ing appropriate time resources, and incorporating the topics into 

school textbooks. Beyond just integrating into the general framework 

curriculum, there's a demand for clear teaching guidelines. As Par-

ticipant D from Vienna stated on 31.01.23: “Good learning scenarios that 

are already worked out. Where even teachers who don't have much of a clue 

can cope well with it and also have a good introduction.” (Participant D - 

31.01.23, Vienna) This would also help to alleviate the apprehensions 

of teachers less familiar with DL and AI. 

Equipping 
teachers with 
knowledge, en-
suring time re-
sources, incor-
porating topics 
into textbooks, 
and providing 
clear teaching 
guidelines 

 

Teacher education 

It is logical to include the topics in teacher education or teacher 

training, otherwise DL and AI cannot be taught at a higher level in 

school. In university education, AI should be integrated in all or other 

subjects, but of course at different levels of complexity.  

Integrate DL and 
AI into CS and 
other subjects 
within the 
teacher educa-
tion 

Others see the integration especially useful for the CS subjects 

and digital basic education; for these subjects, the focus should be 

broader and include societal aspects as well. 

AI should also 
include societal 
issues 

 

School curriculum 

Computer science classes often lack a set curriculum, with inclu-

sion in the school curriculum largely influenced by individual 

teacher motivation. The classroom implementation varies, as there 

isn't always a fixed framework: “Basically, I think, a lot happens in the 

classroom life alongside. So it doesn't have to be anchored somewhere. If a 

teacher is interested in it, likes to do it, they implement it.”  (Participant F 

- 31.01.23, Vienna) 

 

 

 

School curricu-
lum is not very 
important and 
teachers can 
easily deviate 
from it 
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Barriers 

Some believe that there are no inherent barriers to integrating AI 

into school teaching, noting that teachers have the autonomy to 

shape their professional routines or collaborate with department 

colleagues 

 

Autonomy of 
teachers can 
make integra-
tion possible 

Conversely, others anticipate challenges. Among these, a "digital 

double overload" emerges, where teachers face the dual pressures 

of adapting to the device initiative [Im Zuge dieser Initiative werden 

Schülerinnen und Schüler der 5. Schulstufe an teilnehmenden Schu-

len mit einem Notebook oder Tablet ausgestattet] and introducing 

AI. Presently, the emphasis is on digitization, with uncertainty about 

AI's immediate prominence. Time constraints are also highlighted as 

a standalone barrier. 

 

At the moment 
AI is not a prior-
ity and it can be 
challenging to 
integrate it 

One challenge is ensuring that topics are presented with the nec-

essary depth, especially in the initial stages like after their inclusion 

in the framework curriculum. “Well, I think it's already difficult to bring it 

into computer science because it's relatively complex and I imagine it's al-

most more difficult to bring it into the other subjects because it's something 

completely new, unexpected. So it will certainly take some time for that to 

take hold.”  (Participant C - 01/31/23, Vienna) 

 

Due to complex-
ity, AI cannot be 
integrated 
quickly 

Some teachers have addressed fears regarding plagiarism 

through ChatGPT in various subjects and see this as an area that 

needs guidelines and attention from the school  

Fears of 
ChatGPT-based 
plagiarism are 
seen by some 
as a barrier for 
AI integration 
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D. (Possible) changes through the integration of DL and AI in the framework cur-

ricula: 

 

Students 

Student performance test will have to be questioned in the future, 

but banning tools like the ChatGPT would be the wrong way to go. 

Students will probably be more careful about what they are allowed 

to use or not. Teachers, for their part, must of course be sensitized 

to the fact that students can use AI for their assignments. We must 

reconsider how to inspire students to find value in learning when AI 

can easily enhance their grades with a simple command. This shift 

will likely necessitate a change in the grading system as well. 

 

Academic integ-
rity of students 
can be a prob-
lem when AI 
tools are perva-
sive, hence 
school has to 
deal with AI 

Conversely, some believe that the introduction of such technolo-

gies can lead to a deeper understanding of topics, much like the ad-

vent of the internet: “ [...] I see it a bit like the introduction of the Internet. 

There was also something like that, and now I don't need teachers anymore. 

It's all on the Internet. I don't need to learn anything anymore. And actually, 

if you formulate it positively, it has led to a deepening [...].”  (Participant A 

- 31.01.23, Vienna) 

 

AI will not make 
teachers use-
less, but can 
help acquire 
new knowledge 

Regarding AI, its introduction is compared to that of the internet; 

both present novel subjects demanding substantial knowledge for 

effective utilization, particularly during initial phases. Furthermore, 

integrating AI into education ensures students become aware of its 

existence, functions, and applications. As the future shifts towards 

automation and AI, fostering an understanding of AI translates to a 

more realistic and relevant education for students 

 

As automation 
and AI become 
more prominent 
in the future, it's 
essential for 
students to un-
derstand and 
engage with 
these topics 
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Society 

The integration of AI into education will lead to broader societal 

knowledge and understanding, ultimately driving transformative 

change within the wider community.: “Society as a whole, I think if this 

is already embedded, then it gets into education. Then more and more peo-

ple know about it. Then, in the long term, something has to change in soci-

ety. So it will reach the middle of society.”  (Participant F - 31.01.23, Vi-

enna) 

 

The integration 
of AI into edu-
cation will lead 
to broader soci-
etal knowledge 
and under-
standing 

Some teachers recognize the significant role AI will have in future 

workplaces and are concerned about AI replacing human roles. 

Concerns re-
garding AI re-
placing human 
roles 

 

E. Training Feedback and Potential for Improvement: 

Length  

The length is considered to be appropriate and very good for dif-

ferent levels of previous knowledge.  

 

7 hours is a 
good length 

For the average level of previous experience with  DL and no ex-

perience with AI, one teacher suggested offering a series of shorter 

modules (around 60 minutes or so per topic) that could be attended 

online, providing flexibility, but with disadvantages of no personal 

contacts: 

 

Different length 
options 

“So these long blocks for day-long training sessions are becoming in-

creasingly difficult to integrate into everyday teaching because our calen-

dars are becoming so dense with commitments. And computer scientists of-

ten have additional commitments at school. And so getting away is not get-

ting easier, I think it's getting more difficult.”  (Participant A - 31.01.2023, 

Vienna) 

One-day train-
ing is challeng-
ing due to 
teachers work-
load 
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Content 

The content was perceived as engaging. The games were appreci-

ated in terms of several aspects: “I also thought the games we did to 

consolidate basic AI knowledge were great, very originally done, and really 

educational.”  (Participant C - 31.01.2023, Vienna) 

 

Games received 
positive feed-
back; engaging 
content  

One suggestion was that the theory part could be expanded, and 

the practical part shortened.  

 

More theory and 
less practice 

Another suggestion is the inclusion of specific AI topics: “So I would 

think what I'm missing a little bit is just AI, Perceptron. The learning, how 

does forward learning work, backward backpropagation that's what it's 

called. Exactly. At this level just in Python just practical examples for the 

computer science teacher.”  (Participant E - 31.01.23, Vienna) 

 

Content can in-
clude other AI 
topics with pro-
gramming (e.g. 
in Python) 

Furthermore, it was wished to move advanced trainings like those 

of TrainDL more in the direction of programming (like the EDLRIS 

modules).  

 

Content should 
contain more 
programming 

     Some teachers stated that they need a bridge between analogue 

exercises and digital tools, like Orange3. 

 

Bridge between 
analogue and 
digital exercises 
was not clear 

Opinions on the Orange3 tool are divided; while some express a 

desire to utilize it more extensively, others find the tool overly ab-

stract and challenging. 

 

Opinions on the 
Orange3 tool 
are divided 

Opinions on the Orange3 tool are divided Opinions on the 
Orange3 tool 
are divided 
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TrainDL training (other factors, overall view) 

 

The training received positive feedback, being described as useful 

and expert-led. While the content was easy to follow, participants 

noted a difference between passive listening and active implemen-

tation: “So the degree of difficulty in listening was easy. But that is always 

one thing. Listening and thinking along and doing it yourself are two big 

pairs of shoes.” (Participant F - 31.01.23, Vienna) Additionally, partici-

pants appreciated the public availability of the materials. 

The training was 
positively re-
ceived for its 
expert-led ap-
proach and 
available mate-
rials 

  

Other trainings (not TrainDL) 

There's a call for more frequent and dedicated training on DL and 

AI due to the evolving nature of computer science. One participant 

emphasized the importance of continually updating the training con-

tent to stay relevant in this dynamic field: “Accordingly, I would wish to 

see this more often and for it to be given genuine attention, especially be-

cause computer science is such a flexible and diverse sector. It is important 

to always prioritize the relevance of trainings and ensure an extensive offer 

for them particularly in this field.”  (Participant B - 31.01.23, Vienna) Sin-

gle workshops or courses aren't enough to capture the topic's com-

plexity. Instead, there should be regular, professionalized training 

opportunities. Collaboration with the business sector and external 

institutions is suggested to ensure the training content aligns with 

professional applications and needs. 

There's a strong 
demand for con-
tinuous, up-to-
date training on 
DL and AI, em-
phasizing the dy-
namic nature of 
computer science 

 

4.4 Summary  

According to the pre-survey, the participants in the training were in-service CS 

teachers. The participants' second subjects were diverse, with digital basic education 

and mathematics being the most popular subjects. Most of the participants had at 
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least some experience of teaching DL in their classes. The training had a low repre-

sentation of women.  

 

The findings from the pre- and post-evaluation survey indicate that the training 

had a positive impact on teachers' perceived competences on how to use DL and AI 

content in class. The willingness to invest time and effort to incorporate DL and AI 

was generally quite high. Participants expressed a moderate level of agreement with 

the statement that they have acquired sufficient competences to teach the learned 

content in class. 

 

Self-assessment knowledge questions showed that participants improved their 

understanding of AI concepts. The objective knowledge test showed an improvement 

for both DL and AI questions, albeit the difference was much more pronounced for 

the AI part. 

 

All the materials and exercises used in the training were viewed as well suited, with 

the exercise on data lifecycle using the Orange3 tool receiving lower scores relatively 

to other examples. With respect to the length of the training, the amount of the cov-

ered content as well as the amount of the required preparation, the results are mixed. 

There is, however, a strong consensus that the training did not have too many teach-

ing materials and that the interactive format was appropriate. Participants, on aver-

age, indicate agreement with the statement that the training successfully highlighted 

the competences they lack to teach the relevant content in classes.  

 

Regarding both DL and AI subjects, the participants tend to agree that the DL and 

AI content is missing in the existing CS framework curriculum, although there is no 

solid consensus on this. This viewpoint persists and doesn't notably change post-

training. The pre- and post-results also show no significant difference for the state-

ments: "In the future, teaching DL/AI will offer students additional benefits". A post-

survey item regarding the societal significance of both topics demonstrated over-

whelming agreement that the societal importance of DL and AI is high to warrant their 
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inclusion in the curriculum. The results also indicate that, on average, teachers an-

ticipate student interest in DL and AI topics and feel confident in their ability to gen-

erate excitement among students for these subjects. 

 

Overall, the quantitative findings suggest that the 7-hour CS training in Vienna 

somewhat enhanced teachers' perceived competences on how to use DL and AI con-

tent in class, as well as their understanding of both of these concepts. The results 

also imply that while participants express positive attitudes towards DL and AI, it 

cannot be concluded that the training directly influenced these attitudes, as they 

were measured only post-training. The high level of agreement among participants 

regarding the training's ability to reveal the competences teachers lack hints at the 

limitations of a single 7-hour training for the comprehensive integration of DL and AI 

topics into teaching. Although the self-assessment and knowledge test showed some 

improvement post-training, on average teachers did not manage to understand all 

the concepts introduced in class.  

 

The qualitative findings suggest that while the training was structured to cater to 

varying levels of familiarity with DL and AI, some participants still found the content 

(especially on AI) to be complex. Some teachers integrated DL and AI at varying levels 

before attending the training. Those who hadn't taught DL and AI before the training 

cited a lack of proficiency as the primary reason for not integrating these topics into 

teaching. Opinions differed on the ease of integrating these topics into teaching, after 

the training. While some teachers felt to be well-equipped to immediately incorpo-

rate some content, others expressed uncertainty and lack of sufficient level of profi-

ciency. It was not clear for some, why both unplugged and digital exercises were in-

troduced and how they fit didactically for which level of school students. The Orange3 

tool was controversial, with some praising it (albeit for the levels where no program-

ming can be used), and some finding it challenging,  

 

All teachers unanimously acknowledged the critical importance of AI and the need 

to impart AI competencies to students. Despite this, the hefty workload of teachers, 
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combined with their lack of expertise in this domain, presents challenges in intro-

ducing these topics, even after a 7-hour training session. It's imperative to consider 

strategies for providing teachers with comprehensive competencies and to ensure 

they have the time to participate in such trainings, especially since dedicating even 7 

hours can be demanding. Providing specific practical exercises and materials (ana-

logue, digital, with and without programming) tailored to distinct grade levels is cru-

cial. Creating or modifying these resources requires significant time, which teachers 

often don't have at their disposal. 

 

Teachers mention a number of arguments in favour of the inclusion of DL and AI 

into the framework curriculum and consequently into teacher education. It is also 

recommended that DL and AI should taught across various subjects (with a conse-

quence of teaching to non-CS-teachers), with a proposition for CS to be made a man-

datory subject. Pertaining to Austria, some teachers believe that before introducing 

AI into the framework curriculum, there should be a reinforced emphasis on embed-

ding digital basic education across all secondary grades with the sufficient number 

of hours. One potential challenge for integrating into the framework curriculum is the 

existing overloaded curriculum. Yet, to implement DL and AI into the classroom, inte-

gration into the framework curriculum is mentioned as one of the prerequisites. An-

other important requirement is appropriate teacher training. In contrast, the school 

curriculum is seen to be less important. 

 

Teachers voiced concerns about readily accessible Language Learning Models 

(LLMs), particularly regarding academic integrity. This underscores the need for sup-

port with AI not just in terms of teaching methodologies, but also in everyday teaching 

practices within the classroom and school. 
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5. CS pre-service training, Germany 

5.1 Sample 

Out of 25 participants, 18 filled out the post-training evaluation survey. All respond-

ents, except for 2 were between 21 and 36 years old. The share of female respondents 

was 39%. The respondents reported a wide range of the semesters, from the 1st to the 

8th. Most of the respondents (12) leaned towards agreeing with the statement that 

during their studies they have learnt a lot about DL and AI, while six respondents 

rather disagreed with this statement.  

5.2 Quantitative results 

5.2.1 Attitudes towards DL/AI  

Table 18 and Figure 41 display the distribution of survey items concerning pre-

service teachers' attitudes towards DL/AI. These items were included only in the post-

evaluation surveys. The findings reveal overwhelmingly positive attitudes towards in-

corporating DL and AI into future teaching, highlighting their high societal relevance 

and pertinence within the context of CS education. Respondents were also asked to 

rate their interest in integrating DL and AI into their future teaching on a scale ranging 

from 1 - "not at all" to 6 - "definitely." Out of the 18 respondents, 15 selected either 

the "5" or "6" category, indicating a very strong interest in integrating DL and AI into 

their teaching. 
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Question Median 

 

Q1 

 

Q3 

 

Min. 

 

Max. 

 

Scale 

After the lecture and the seminar on 

November 2nd and 3rd, my attitude to-

wards incorporating DL and AI in my 

future teaching is as follows 

6.0 6.0 7.0 5 7 1-7 

How do you assess the societal rele-

vance of DL and AI? 
6.0 5.0 6.0 4 7 1-7 

How do you assess the relevance of DL 

and AI as content in CS education? 
5.0 4.25 6.0 3 7 1-7 

Table 18 Summary statistics of post-survey results for a set of survey items on pre-service teachers' attitudes 

towards DL and AI, 02-03.11.2022 Berlin, post-evaluation survey, n=18 

 

 
Figure 41 Boxplot comparison of post-survey results for the survey items on pre-service teachers' attitudes to-

wards DL and AI, 02-03.11.2022 Berlin, post-evaluation survey, n=18 

5.2.2 Feedback on the learned content and format 

Figure 42 showcases pre-service teachers' feedback on the suitability of the train-

ing's examples for their future teaching. The results reveal that most participants find 

the presented examples to be quite suitable for their teaching. Notably, the Orange3 
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exercise on data lifecycle stood out as one of the most suitable examples. Approxi-

mately 89% of respondents rated the Orange3 example with a score of "5" or "6," 

indicating a high level of suitability. 

 

 
Figure 42 Distribution of the post results for the assessment of the training material/exercises, 02-03.11.2022 

Berlin, post-evaluation survey, n=18 

5.3 Summary  

The quantitative results show overwhelmingly positive attitudes towards incorpo-

rating DL and AI into future teaching among the pre-service teachers. The attitudes 

were assessed using survey items that highlighted the high societal relevance and 

relevance within the context of CS education. When asked about interest in integrat-

ing DL and AI into their future teaching, 15 out of 18 respondents selected either the 

"5" or "6" category, indicating a strong interest in integration. 

 

Additionally, feedback on the suitability of the training's examples for future teach-

ing was collected. The majority of participants found the presented examples to be 

quite suitable. Interestingly, while the in-service teachers expressed critical assess-

ments of the Orange 3 tool, the pre-service teachers regarded the Orange3 exercise 
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on the data lifecycle as a highly suitable example. Approximately 89% of respondents 

rated it as a "5" or "6" on the suitability scale. 

6. Discussion of key findings across the trainings 

The pre-evaluation surveys revealed that the three in-service teacher trainings in 

Germany, Lithuania, and Austria attracted similar participant demographics, albeit 

with some variations reflective of the countries' wider socio-economic contexts. Al-

most all attendees were secondary level CS teachers, though a few in addition taught 

at the primary level. With an exception to a few people, participants were in-service 

CS teachers teaching a variety of additional subjects, with mathematics being the 

most common one. While most of the participants had prior experience teaching DL 

in their classrooms, their exposure to teaching artificial intelligence was compara-

tively shorter. 

 

Except for one attendee who was completing the practical phase of the training, 

all interview participants were in-service CS teachers who had voluntarily opted to 

participate in the interviews. 

 

The majority of respondents at the pre-service workshop were between 21 and 36 

years old, with a relatively high representation of female students (39%) compared to 

the CS trainings in Germany and Austria. The participants reported a wide range of 

semesters, from the 1st to the 8th. Regarding the perception of learning about DL and 

AI during their studies, 12 respondents agreed they learned a lot, while six disagreed. 

6.1 Quantitative results 

All three in-service CS trainings showed that the training had some positive impact 

on teachers' perceived competences on how to use AI content in class as well as 

teachers' understanding of AI concepts introduced in the training (see Figure 43, 44, 

and 45).  
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For DL, the results were mixed. In Lithuania, there was no significant difference 

between the pre- and post-training values for the item on how to use DL content in 

class, albeit the pre-training scores for this item were quite high. While there was an 

improvement in self-reported understanding of DL concepts in Vilnius and Berlin, 

Vienna's training showed no statistically significant difference in the pre- and post-

training values. The outcomes of the objective knowledge tests paralleled these ob-

servations, showcasing more noticeable enhancements in the understanding of AI 

concepts, as compared to DL, across all the trainings. 

 

Although, on average, teachers in Lithuania obtained higher scores in the self-as-

sessment test for both DL and AI compared to Germany and Austria, they performed 

relatively worse than the other two respective countries in the objective knowledge 

test. 

 
Figure 43 Boxplot comparison of post results for the survey items on teachers' perceived competences to use DL 

and AI content in class for the three in-service trainings in Germany, Lithuania, and Austria 
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Figure 44 Boxplot comparison of pre- and post-results for self-report knowledge questions on DL (15 questions) 

and AI (10 questions) for the three in-service trainings in Germany, Lithuania, and Austria 

 

 

 
Figure 45 Boxplot comparison of pre- and post-results for knowledge questions on DL (4 questions) and AI (10 

questions) for the three in-service trainings in Germany, Lithuania, and Austria 
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All three locations had the Orange3 tool rated lower regarding its suitability for 

teaching compared to other exercises and materials, indicating a need for improve-

ments in this area. In Germany and Austria, participants also assessed the topic of 

data lifecycle as less suitable for their teaching when compared to other topics fo-

cusing on AI.  

 

Participants in all three countries tend to agree, that DL and AI content is missing 

in the current CS curriculum. Furthermore, they agreed on the societal importance of 

DL and AI, expecting these subjects to generate substantial student interest and en-

gagement. 

 

However, there is not enough evidence to argue, that a single 7-hour training ses-

sion is sufficient for the comprehensive integration of DL and AI topics into teaching. 

Overall, while these trainings demonstrated positive impact, they also revealed areas 

that require improvement and further investigation, such as the delivery of the data 

lifecycle content. The topic of DL was primarily introduced through the lens of the 

data lifecycle, which represented a smaller portion of the overall course content. This 

limited exposure could have restricted the participants' ability to fully grasp the com-

plexity and applicability of DL concepts and the Orange3 tool. The qualitative inter-

views provided additional insights on the challenges of the DL training content.  

 

For the only pre-service training in Berlin, the quantitative post-survey results 

show overwhelmingly positive attitudes towards incorporating DL and AI into future 

teaching among the surveyed pre-service teachers. 

6.2 Qualitative results 

The qualitative findings across Berlin, Vilnius, and Vienna demonstrate several 

common themes. Across the three countries, there's a recognized urgency to integrate 

DL and AI into teaching, given their societal, political, and practical implications. How-

ever, doing so requires first of all training teachers in DL and AI.  
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Participants in the three trainings reported that the training served as a valuable 

introduction to AI and DL. However, the depth and complexity of certain topics, espe-

cially in the realm of AI, were challenging for participants. Exercises involving the Or-

ange3 tool consistently received mixed feedback. While some found it suitable for 

teaching, others saw it to be rather complex, another critique involved its graphical 

interface and lack of programming as deterrents for students with a higher level of 

CS competences. 

 

In all three countries, participants highlighted a gap between training and class-

room application. While teachers felt more prepared after the training, the translation 

of this knowledge into actual lessons would require further engagement with the ma-

terial. A single 7-hour course is not enough to ensure integration of DL and AI into 

teaching, especially if teachers did not teach these subjects prior to the training. 

Teachers expressed a strong desire for concrete course plans and materials tailored 

to specific grade levels to streamline integration into teaching. 

 

In all of the countries, teachers stress urgency to integrate DL and AI into the CS 

framework curriculum. Some teachers in all of the countries argue to integrate DL 

and AI into other non-CS subjects as well. Teachers from Germany and Austria, sug-

gested that CS should become a mandatory subject in secondary education. In Lith-

uania, some suggested starting teaching CS already at the primary level. Educators in 

all three countries, mentioned the challenges of adjusting current framework curric-

ulums to accommodate DL and AI, as the current framework curriculums are already 

overloaded, hence there is a need to reprioritize existing content. The consensus is 

that the inclusion of DL and AI in framework curriculums won't instantly equip teach-

ers to teach these subjects proficiently, thereby highlighting the need for teacher 

training. Most teachers agree that a 7-hour training is not sufficient for proficiency 

needed to teach DL and AI in class. At the same time, some teachers have difficulties 

to attend even one day trainings, due to their teaching responsibilities and high work-
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load. Therefore, the challenge lies in designing a training program that is both com-

prehensive and flexible. Such a program could be modular and spread over multiple 

sessions, allowing teachers to grasp the intricacies of DL and AI at their own pace, 

without compromising their primary teaching duties. 

 

Teachers voiced concerns about readily accessible Large Language Models (LLMs), 

particularly regarding academic integrity. This underscores the need for comprehen-

sive AI support, both in terms of teaching methodologies and routine classroom pro-

cedures. 

6.3 Summary  

Findings from our small-n quantitative evaluation suggest that a one-day teacher 

training may contribute towards an increase in subjectively perceived competences 

in how to use AI in class as well as in subjectively and objectively assessed content 

knowledge in the AI-concepts introduced in the training. Improvements in the area 

of DL focusing on data lifecycle demonstrated high variability with no clear increase 

post-training. Compared to DL (specifically the topic of data lifecycle using the Or-

ange3 tool), on average AI topics and exercises were perceived to be more suitable 

for the teaching in the classroom.  

 

In the three countries, teachers acknowledged the significance of integrating DL 

and AI into the framework curriculum due to their societal and practical implications. 

Although the trainings provided a foundational understanding of AI and DL, the depth 

of some topics remained challenging for many. The Orange3 tool evoked mixed re-

sponses. In each country, there remained a distinct divide between the training and 

its classroom implementation. Many believe that a single 7-hour session is insuffi-

cient for acquiring enough competences to teach DL and AI in CS classes. Emphasizing 

the integration of these subjects into the framework curriculums, teachers in Ger-

many and Austria proposed making CS mandatory in secondary education, while 

some in Lithuania suggested its introduction at the primary level. Given the already 
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full framework curriculums, reprioritizing content is essential. Ultimately, there's a 

consensus on the need and urgency of DL and AI teacher training, where the chal-

lenge lies in designing a training program that is both comprehensive and flexible 

and accommodates for teachers packed schedules.  

 

The quantitative results of the pre-service training revealed highly positive atti-

tudes towards incorporating DL and AI into future teaching among the pre-service 

teachers. Survey items assessing their attitudes displayed very favourable responses, 

indicating a strong belief in the societal relevance of DL and AI, as well as their sig-

nificance within the field of CS education. In contrast to the in-service CS teacher, the 

pre-service respondents saw the data lifecycle examples using a digital tool Orange3 

as one of the most suiting examples.  

7. Limitations 

Some inherent limitations of the evaluation should be considered: 

 

Workshop Format Variation: We did not vary the format and length. Therefore, we 

cannot trace any impact on the training format as such. Future research could benefit 

from experimenting with different formats and length. 

 

Sample Size: The small number of participants from each location affects the gener-

alizability of the findings. Expanding the sample size in future studies would contrib-

ute to a more robust and generalisable outcome. 

 

Instrument Validity and Reliability: The quality of the survey and knowledge test in-

struments was not evaluated prior to their application, which could influence the 

reliability of the data collected. There is an ongoing effort to collect more data and 

evaluate the questions in future project rounds. All instruments were pre-tested with 

a small sample of respondents. 
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Cross-cultural Challenges: While comparing findings between the countries, one 

should be aware of the fact that differences could also be traced to cross-cultural 

differences affecting survey response styles, e.g., differences in acquiescence re-

sponse styles (Rammstedt, Danner, and Bosnjak 2017).  

 

Limited DL Knowledge Test Questions: The DL segment of the study was evaluated 

using only four knowledge questions, which may not adequately capture the partici-

pants' understanding of DL. This limitation could potentially skew the perceived ef-

fectiveness of the DL part of the training. 

 

Single Training Sessions: The evaluation was based on a single training session con-

ducted in each of the three countries. This approach may limit the evaluation of con-

sistency in training outcomes across various local contexts within the countries. 

 

Differentiation between subjects: In the interviews and in some survey items, it is not 

always clear, whether respondents mean their CS subject or their second subject. 

Although all the trainings were conducted within the context of CS teachers with CS 

being in the centre of the discussion, one must be careful interpreting the findings. 

8. Conclusion 

This evaluation report provides insights into the impact of the designed AI and DL 

training for secondary-level pre- and in-service CS teachers across three European 

countries – Germany, Lithuania, and Austria. The results point towards the positive 

influence of these trainings on teacher competences on how to use AI in class and 

participants' understanding of the AI concepts introduced in the training. The findings 

for the DL content were mixed, with no clear evidence of improvement in pedagogical 

and content knowledge. The findings highlight areas for improvement and further 

research, such as training duration and content depth, as well as the delivery of the 
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DL content. Although sufficient knowledge and materials were provided to offer a 

basic introduction to the topics, especially for the AI part, additional training and 

tailored teaching materials for specified grade levels are necessary to support teach-

ers in developing the required competences for effectively teaching these topics at 

the secondary level. 

 

The overall positive feedback of the TrainDL training (being seen as a starting point 

of acquiring competences in DL and AI) coalesced with teachers' positive attitudes 

towards DL and AI suggest a promising possibility for the integration of DL and AI into 

the classroom, potentially preparing students for the future societal and occupational 

landscape. However, the identified limitations of the data from the first round, such 

as the small sample size and limited variation in the format and content, underline 

the need for more comprehensive research to refine and optimize similar training 

programs. Furthermore, the challenges brought to the foreground - such as for ex-

ample, teacher workload, rapid technological advancements, and limited capacity of 

the curriculum - offer an opportunity to reflect on the design of future training, cur-

ricula and respective policies. 

 

In the forthcoming phases of the TrainDL project and subsequent work in this do-

main, the following steps are suggested for consideration: 

 

• Further Evaluation of the TrainDL trainings: Continue to collect and analyse 

(follow-up) data. Given the challenges of small participant groups and hence 

small sample sizes, the evaluation focus should be on mixed methods ap-

proaches. In order to address the challenge of increasing the number of inter-

view participants for the qualitative evaluation given the logistical constrains 

(it is difficult to schedule multiple individual interviews immediately after the 

training, as most participants do not have more than ca. 30 minutes available), 

it is possible to replace individual interviews with focus groups. 
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• Expanding and Deepening Training Content: Given the mixed results in DL and 

more positive responses to AI content, the next step can involve expanding the 

depth and variety of topics covered in these areas. This may include more ad-

vanced AI concepts and a broader range of data literacy topics. 

 

• Modular and Flexible Training Programs: To address the challenge of teachers' 

limited time, future trainings could be designed as modular and blended 

learning trainings and spread over multiple sessions. This approach would al-

low teachers to engage with the complexity of DL and AI at their own pace and 

schedule. 

 

• Tailored Teaching Materials: Development of specific course plans and mate-

rials tailored for different grade levels is essential. This step will help stream-

line the integration of DL and AI into teaching, reducing the preparation work-

load for teachers. 

 

• Expanding the Target Audience to non-CS and Primary Teachers: Consider ex-

panding the target audience of the training programs beyond CS teachers to 

include educators from non-CS subjects as well as primary teachers, reflecting 

the interdisciplinary nature of DL and AI.  

 

• Addressing Technological Advancements (e.g., LLM): Regularly update training 

content to keep pace with rapid technological advancements in AI and DL, en-

suring that teachers and students are exposed to the latest developments. 

 

• Integrating AI Ethics: Given concerns about Large Language Models and other 

ethical aspects of AI, future training should include AI ethics and how to inte-

grate this in educational settings. 

 



Teacher training for Data Literacy & Computer Science competences 

 

 

149 

 

• Framework Curriculum Integration: Work towards integrating DL and AI into the 

CS curriculum and possibly into other non-CS subjects. This involves collabo-

rating with educational policymakers and curriculum developers to reprioritise 

content and make space for these new topics.  

 

• Long-Term Training and Support: Develop long-term training and support 

mechanisms for teachers, including ongoing professional development oppor-

tunities that focus on both pedagogical and technical aspects of DL and AI. 

 

• Building a Community of Practice: Foster a community of practice among edu-

cators who are interested in DL and AI. This community could share best prac-

tices, resources, and support each other in integrating these topics into their 

teaching. 

 

Acknowledgment: Parts of this text could be generated or rephrased by ChatGPT, 

DeepL Write, LanguageTool, and Google Docs spell checking, but were carefully 

checked and revised by the authors. 
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10. Appendix 

10.1 CS training, Berlin (13.06.2022): Translated Version of the pre-training evaluation ques-

tionnaire 
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10.2 CS training, Berlin (13.06.2022): Translated Version of the post-training evaluation ques-

tionnaire 
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10.3 CS training, Berlin (13.06.2022): Translated Version of the follow-up evaluation ques-

tionnaire 
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10.4 Pre-service CS training, Berlin (11.2022): Translated Version of the post-training evalua-

tion questionnaire 

 



Teacher training for Data Literacy & Computer Science competences 

 

 

168 

 

 

  

 

 



Teacher training for Data Literacy & Computer Science competences 

 

 

169 

 

10.5 CS in-service training, Berlin (13.06.2022): The post-training interview guide  

Interview guide 
You just attended a teacher training on Data Literacy (DL) and Artificial Intelligence 

(AI): 

 

1. How did it come about? 

 

If not answered, address the following (follow-up questions): 

1.1  What were your expectations of the training? 

1.2 Was the training appropriately designed according to your previous experience 

with AI & DL?  

 

 

yes 

 

no 

 

1.2.1 Describe what you liked about it. 

 

 

1.2.2 Describe what you did not like about it. 

 

1.3  After the training, how would you personally rate the difficulty of the topic for 

you? 
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Transition - Previous practical experience with topics in continuing education:  

2. Have you ever integrated content about AI and/or DL into your teaching?  

 

 

yes 

 

no 

 

2.1 How was your experience? What was good? 

Were there any problems? 

 

If not answered: 

2.2 Which topics from the fields of DL or AI did 

you cover?    

         

2.3 After the training, do you feel able to inte-

grate DL and AI more effectively in the class-

room? 

 

2.4 What keeps you from introducing DL & AI in 

the classroom? 

 

If not answered: 

2.5 After this training, how ready do you feel to 

integrate DL & AI in the classroom? 

 

 

Transition - before teaching side viewed; now other level:  

3. As a teacher, what do you think about establishing AI and DL in the curricular frameworks? 

 

If not answered: 

3.1  What do you think about making AI and DL an integral part of the teacher train-

ing? 

For questions/no answer: module/event, seminars, aspects, etc.  

 

3.2  What steps would be needed to embed AI & DL topics in the classroom?  

For questions /no response: e.g., recommendations, guidelines/directions, cur-

ricular framework changes. 

 

3.3  What steps could be taken to integrate the topic of AI and DL into your school's 

internal curriculum?  
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For questions /no response: explain internal school curriculum  differently, e.g. 

school action concept (without conveying that respondent would not under-

stand the term) 

 

3.4  To what extent do you anticipate certain institutional obstacles or difficulties?  

For questions/no answer: acceptance issues, transition phases, convincing of 

meaning and purpose would have to be done, etc. 

 

Transition - Consequences of the changes to the curricular frameworks just dis-

cussed:  

4. What changes might the integration of AI and DL bring at different levels? 

 

If not answered, be sure to address the following (follow-up questions):  

4.1 among the students? 

4.2 with the school authorities? 

4.3  In society at large? 

 

Transition - Back to training/intervention today:  

5. How can future training be improved or made more efficient? 

 

If not answered, be sure to address the following (follow-up questions): 

5.1 Length 

5.2 Contents 

 

If there is still enough time: 

5.3  Format 

5.4  Interaction (proportion of exercises - frontal teaching?) 
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Transition - So far both teaching perspective and levels beyond; now students/stu-

dents again: 

6. After the training, how would you rate the communicability of AI and DL to students? 

 

Transition - Coming slowly to the end: 

7. If you had one wish for education policy: What would you change about DL & AI in the 

classroom? 

 

If not answered, be sure to address the following (follow-up questions): 

7.1  Are you sure you don't want to add anything? 

 

Transition - to conclusion: 

8. Independently, is there anything else you would like to share with us? Do you have any 

suggestions? 
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10.6 CS in-service training, Berlin: Follow up guide for interviews roughly a half year after the 

initial training on 13.06.2022  

Interview guide 

You attended in a teacher training on Data Literacy (DL) and Artificial Intelligence 
(AI) in June of this year. 

 

1. Looking back, what have you taken away from the training for yourself and/or your teach-

ing? 

  

If not answered: 

1.1 Self 

1.2 Training 

1.3 Which specific aspect has stuck with you the most? 

1.4 To what extent have you had the opportunity to further engage with AI and DL 

after the training?   
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Transition - Now we come to a potential integration of Data Literacy and Artificial Intelli-
gence in the classroom. 

2. Have you integrated AI and DL into your teaching, or do you plan to integrate these topics? 

 

 

yes 

 

no 

 

2.1 How was your experience? 

If not answered:  

2.2 Regarding time frame  
For questions/no answer: e.g., double les-
son    

         
2.3 Regarding the performance/grade level 

For questions/no answer: e.g., 12th grade, 
advanced course or basic course 

  

2.4 Covered topics/content? 

For questions/no answer: e.g., Machine 

Learning in the context of databases 

  

2.5 Method of knowledge dissemination/teach-
ing? 
For questions/no answer: e.g., materials, 
methods 

  

2.6 Was material from the training used? 

For questions/no answer: e.g., material re-
lated to robot monkey chess game ("Beat 
the robot") 
 

 

2.7 Are there specific reasons for it? 

For questions/no answer: e.g., current 
school year, time constraints 

  
2.8 What could help with the integration? 

  

 

 

Transition - Next, we explore the potential for transformation of DL and AI. 
  

3. Where do you see further potential for change regarding these topics? 

  

If not answered, address the following (follow-up questions): 

3.1 Past training 

3.2  In general  
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For questions/no answer: e.g, society, school, framework curriculum 

  

Transition - Coming slowly to the end: 

4. If you had one wish for education policy: What would you change about DL & AI in the 

classroom? 

  

  

Transition - to conclusion: 

5. Independently, is there anything else you would like to share with us? Do you have any 

suggestion? 

  

 


