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Executive Summary 

The TrainDL project provided policy recommendations for integrating the subjects 

of data literacy (DL) and artificial intelligence (AI) into professional programmes for 

CS teachers, STEAM, and primary teachers. This report synthesizes findings from three 

rounds of interventions and follow-ups, involving a total of 22 evaluated trainings 

across Germany, Austria, and Lithuania. The key outcomes include: 

 

Training Impact and Competence Development: Pre- and post-training evaluations 

show at least some improvement in teachers' self-reported competences in how to 

use DL and AI in the classroom. The qualitative feedback consistently highlighted a 

strong appreciation for the practical components of the training but suggested a need 

for longer and more in-depth trainings. 

 

Feedback on Training Content and Format: The feedback was overwhelmingly positive. 

However, there was a recurrent theme across all target groups (CS, STEAM, and pri-

mary) about the need for extending training duration to cover more comprehensive 

content and allow deeper engagement with complex tools and subjects. 

 

Integration Challenges and Teacher Motivation: Follow-up surveys indicated a general 

willingness and a positive trend toward adopting learned DL and AI content in teach-

ing practices. Despite this, there were challenges related to the integration of DL and 

AI into curricula, particularly in adjusting content to diverse teaching contexts (for 

STEAM and primary) as well as overall overloaded curriculum. Teachers showed high 

motivation to continue learning about DL and AI, emphasizing high educational rele-

vance and value of these topics. 

 

Recommendations for Policy and Practice: The evaluation suggests the need for pol-

icy adjustments to support the integration of DL and AI into educational frameworks. 
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This includes the development of comprehensive training modules that are centred 

around teachers’ needs and time constraints, e.g., extend over longer periods to ac-

commodate deeper learning and application. 

Introduction  

The TrainDL project aimed to identify how DL and AI competences can be structur-

ally implemented into the training of teachers, primarily focusing on the computer 

science (CS) and STEAM in-service teachers active in secondary and primary educa-

tion. The project involved three phases of intervention: initially focusing on second-

ary-level CS teachers (first intervention round), and subsequently expanding to in-

clude STEAM educators and primary-level teachers in the subsequent phases (second 

and third rounds of intervention). This report presents the key findings and overarch-

ing themes from all three intervention rounds, which were comprehensively de-

scribed in terms of methods and results in deliverables D4.4, D4.5, and D4.6.  

 

Additionally, this document includes analysis of data from 2.5-day training ses-

sions held in November 2023 and January 2024 for CS and STEAM teachers in Germany, 

along with the follow-up data collected at least six months post-training, to assess 

the application or lack thereof of the learned content in actual teaching. The timing 

of these later data collection points prevented their inclusion in the earlier delivera-

bles. 

 

Table 1 presents an overview of the 22 evaluated training sessions ranging in length 

from 90 minutes to 2.5 days (16 trainings between 1.5 and 4 hours, three 7-hour-train-

ings and three 2.5-day-trainings), the evaluation instruments used as well as re-

sponse rates. In total, 419 participants participated in these 22 trainings: while in the 

first round there had been five trainings in four locations with 25 pre-CS and 89 CS 

participants, in the second round there had been four trainings in three locations 

with 24 CS participants and 20 STEAM teachers and the third round comprised 13 
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trainings in nine locations with 59 CS participants, 118 STEAM teachers, and 85 primary 

teachers. However, in total 45 participants participated in the trainings that were tar-

geted to other target groups, e.g., STEAM participated in the primary trainings. To ac-

curately assess the impact of the training materials designed for specific target 

groups, this report focuses only on the 374 participants who attended trainings tai-

lored to their respective groups.  

 

The evaluation primarily focused on exploring various aspects of the teachers' ex-

periences with the trainings. These aspects included teachers' ability to integrate the 

training into their classrooms, their views on incorporating it into the curriculum, 

changes in their perceived competencies in using DL and AI in class, their under-

standing of DL and AI concepts, and their attitudes towards teaching DL and AI. Train-

ing sessions were evaluated using semi-structured interviews, pre- and post-training 

surveys, and DL and AI knowledge tests. We used a mixed methods approach, com-

bining quantitative data on participants' characteristics and competencies with qual-

itative insights from teacher interviews. 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 as well as the curriculum. We have also measured the 

self-reported ability to integrate the learned content in the classroom up to twelve 

months post-training to assess long-term impacts via follow-up surveys and inter-

views. While the reports for each intervention round were covering the round-specific 

findings in details, the main focus of this report is to present a consolidated summary 

across the three rounds. The summary is based on both the respective deliverables 

(D4.4, D4.5, and D4.6) as well as discussions of the results with the TrainDL team mem-

bers. Out of the 374 trained teachers, 279 (75%) participated in both pre- and post-

evaluation survey, 223 (60%) in knowledge tests and 93 (25%) participated in the qual-

itative interviews.  
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Date  Location  Target group  Duration  Number 

of parti-

cipants 

Evaluation instruments and number of respondents/ percentage of 

the total number of participants  

1st intervention round (in-service and pre-service CS) 

13.06. 

2022 

Berlin,  

Germany 

Pre- and in-

service CS 

teachers at 

the second-

ary level  

7 hours 24 • (Pre- and post-) survey: 20  

• (Pre- and post-) DL and AI knowledge test: 16  

• Interviews: 6  

• Six-month follow-up survey: 7  

• Six-month follow-up interviews: 2  

02-

03.11. 

2022 

Berlin,  

Germany 

Pre-service 

CS teachers 

at the sec-

ondary level 

3 hours 25 • (Post) survey: 18  

 

 

10.12. 

2022 

Vilnius, 

Lithuania 

In-service CS 

teachers at 

the second-

ary level 

7 hours 21 • (Pre- and post-) survey: 16  

• (Pre- and post-) DL and AI knowledge test: 14  

• Interviews: 8  

• Six-month follow-up survey: 21  

• Six-month follow-up interviews: 1  

31.01. 

2023 

Vienna, 

Austria 

In-service CS 

teachers at 

the second-

ary level 

7 hours 25 • (Pre- and post-) survey: 14 

• (Pre- and post-) DL and AI knowledge test: 11  

• Interviews: 6  

• Six-month follow-up survey: 7  

• Six-month follow-up interviews: 2  

25.-

27.11. 

2022 

Heidel-

berg, 

Germany 

In-service CS 

teachers at 

the second-

ary level 

2.5 days  19 • (Pre- and post-) survey: 18  

• Interviews: 5  

2nd intervention round (in-service CS and STEAM teachers) 

09.03.2

023 

Berlin,  

Germany 

In-service CS 

teachers at 

the second-

ary level  

2 hours 

15 mi-

nutes 

12 • (Pre- and post-) survey: 17  

• (Pre- and post-) DL and AI knowledge test: 8  

• Interviews: 4  

• Six-month follow-up survey: 5  

• Six-month follow-up interviews: 1  09.03.2

023 

Berlin,  

Germany 

In-service CS 

teachers at 

the second-

ary level  

2 hours 

15 mi-

nutes 

12 

17.05.2

023 

Graz,  

Austria 

In-service 

teachers 

teaching 

4 hours 8 • (Pre- and post-) survey: 8  

• (Pre- and post-) DL and AI knowledge test: 8  

• Interviews: 1 
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STEAM sub-

jects at the 

secondary 

level 

• Six-month follow-up survey: 2 

• Six-month follow-up interviews: 1 

26.05.2

023 

Vilnius,  

Lithuania 

 

In-service CS 

teachers 

teaching 

STEAM sub-

jects at the 

secondary 

level 

4 hours 12 • (Pre- and post-) survey: 12 

• (Pre- and post-) DL and AI knowledge test: 10 

• Interviews: 2  

• Six-month follow-up survey: 8  

 

3rd intervention round (in-service CS and STEAM, and primary teachers) 

11.04. 

2023 

18.04. 

2023 

21.04. 

2023 

 

Vilnius, 

Vilkaviški

o,  

Druski-

ninkai, 

Lithuania 

Primary 

teachers  

4 

hours 

50 • (Pre- and post-) survey: 30  

• (Pre- and post-) DL and AI knowledge test: 30 

• Interviews: 5  

• Six-month follow-up survey: 50  

• Six-month follow-up interviews: 2  

25.04. 

2023 

Vienna, 

Austria 

Primary 

teachers 

3 

hours 

8 • (Pre- and post-) survey: 7  

• (Pre- and post-) DL and AI knowledge test: 7  

• Interviews: 2  

• Six-month follow-up survey: 1  

• Six-month follow-up interviews: 1 

13.09. 

2023 

Düssel-

dorf, Ger-

many 

Primary 

teachers  

4 

hours 

12  • (Pre- and post-) survey: 9 

• (Pre- and post-) DL and AI knowledge test: 9  

• Interviews: 4  

10.10. 

2023 

Vienna, 

Austria 

Primary 

teachers 

3 

hours 

11 • (Pre- and post-) survey: 8  

• (Pre- and post-) DL and AI knowledge test: 8 

23.08. 

2023 

Düssel-

dorf,  

Germany 

STEAM 

teachers 

4 

hours 

7 • (Pre- and post-) survey: 4  

• (Pre- and post-) DL and AI knowledge test: 4  

• Interviews: 1  

05.09. 

2023 

Berlin, 

Germany 

STEAM 

teachers 

1.5 

hours 

28 • (Pre- and post-) survey: 26 (93%) 

• (Pre- and post-) DL and AI knowledge test: 26 (93%) 

• Interviews: 4 (14%) 

23.10. 

2023 

Graz, 

Austria 

STEAM 

teachers  

3 

hours 

11 • (Pre- and post-) survey: 8 (67%) 

• (Pre- and post-) DL and AI knowledge test: 8 (67%) 

• Interviews: 1 (8%) 
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09.01. 

2024 

Vilnius, 

Lithuania 

STEAM 

teachers 

4 

hours 

15 • (Pre- and post-) survey: 8 (53%) 

• (Pre- and post-) DL and AI knowledge test: 8 (53%) 

• Interviews: 1 (7%) 

18.09. 

2023 

Berlin, 

Germany 

CS teachers 4 

hours 

27 • (Pre- and post-) survey: 20 (74%) 

• (Pre- and post-) DL and AI knowledge test: 20 (74%) 

• Interviews: 4 (15%) 

24.-

26.11. 

2023 

Zeitz, 

Germany 

CS teachers  2.5 days 24 • (Pre- and post-) survey: 18 (75%) 

• (Pre- and post-) DL and AI knowledge test: 18 (75%) 

• Interviews: 19 (79%) 

24.01. -

26.01. 

2024 

Meißen, 

Germany 

STEAM 

teachers  

2.5 days 23 • (Pre- and post-) survey: 18 (78%) 

• (Pre- and post-) DL and AI knowledge test: 18 (78%) 

• Interviews: 20 (87%) 

Table 1 Overview of the evaluated trainings of the three intervention rounds: date, location, target group, dura-

tion, evaluation instruments used, number of participants and response rates. 

1. Methodology  

Deliverable 4.3 includes a detailed description of the methodology and research 

questions and hypotheses used for all three intervention cycles. The project uses an 

action research methodology (Baskerville and Wood-Harper 1996; Burns 2010), char-

acterized by its iterative nature, involving multiple rounds of designing, implementa-

tion, observation, feedback, and reflection. In addition, Deliverables 4.4, 4.5, and 4.6 

describe in details the data collection and data analysis methods that were used for 

the evaluations.  

 

To evaluate the trainings, we followed the procedure outlined in Figure 1. To gain 

a more nuanced understanding of the trainings' impact, we employed a mixed meth-

ods approach following a concurrent nested design suggested by Creswell and Plano 

Clark (2018). This design allowed us to enrich and clarify our quantitative 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, qualitative interviews with the 
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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 integration into the classroom. 

Additionally, participants offered suggestions for policy changes that could better fa-

cilitate the inclusion of DL and AI into their teaching. The follow-up data collection 

captured the reported integration of DL and AI into the teaching. Detailed information 

on the instruments that were used is reported in deliverables 4.4, 4.5, and 4.6. 

 

Figure 1  Overview of the evaluation process for each training in the three intervention rounds 

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-

misation code, 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 included comprehensive information about anonymization, data storage, re-

tention period, potential publication of anonymized data, and the option for partici-

pants to withdraw their consent and have their data deleted. The project did not re-

quire any personal data from the teachers, so no questions pertaining to personal 

information were included. Any personal information present in the interview tran-

script (such as place of work or names) was removed. Contacting potential respond-

ents for the follow-up data collection is being done via local partners, eliminating the 

need to collect and store contact information.  
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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. 

1.1 Quantitative data: research questions, instruments, and analysis 

The quantitative data was primarily used to address the following questions:  

 

1). What is the effect of the designed DL and AI training on the ability of in-service CS 

and STEAM teachers to integrate DL and AI into their classes? 

 

2). What is the effect of the designed DL and AI training on teachers’ awareness of the 

significance that DL and AI have for their subjects? 

 

3). How does the level of motivation to acquire DL and AI competences vary between 

computer science teachers and STEAM/primary teachers? (for the third round) 

 

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 collec-

tion and the anticipated low response rate inherent in contacting training partici-

pants 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 
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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. 

 

Additionally, for the teachers we have looked at the following aspects that can clarify 

and complement the main findings: teachers' feedback on the learned content and 

format of the training; teachers attitudes towards integrating DL and AI into curricu-

lum and teaching DL and AI to their students.  

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? 

 

The trainings were followed up by the two rounds of qualitative interviews right 

after the training using a semi-structured interview guide (see deliverables D4.4, D4.5, 
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and D4.6 fore more details). The interviews were conducted in person by the evalua-

tors or/and by the instructors with the help of the evaluators. Two 2.5-day trainings 

in the third round were evaluated with the help of focus groups, to ensure, that there 

is a sufficient number of interviewees (there were only three longer trainings of 2.5 

days and it was essential to collect sufficient qualitative data on them) (see Appendix 

for questions in the focus groups).  

2. Quantitative results  

2.1 Description of the sample  

The response rate for the three rounds of the pre-evaluation survey ranged from 

56-95% in the first round to 57-100% in the third round. These response rates are 

considered reasonable for web-based surveys, indicating a sufficient level of engage-

ment. According to the pre-evaluation surveys, the trainings targeted teachers across 

various demographics and teaching subjects in Germany, Austria, and Lithuania. The 

age groups primarily ranged between 30-59 years across all training sessions and 

locations, reflecting country-specific statistics on age distribution of teachers. The 

demographics in the first CS round of interventions reveal varied gender representa-

tion across the locations, with a generally lower proportion of female participants, 

especially in Vienna and Berlin in-service training sessions. The second round of in-

terventions had a similarly low ratio of CS female teachers, with a more balanced 

gender distribution for the STEAM teachers. The third round of interventions high-

lighted ongoing gender disparities between CS and other subjects, particularly in pri-

mary education: primary training sessions had higher participation from female 

teachers and CS trainings had a higher ratio of male participants. 

 

Table 2 reports the most popular subjects that were reported by teachers for each 

target group (teachers usually had 2 subjects). For each target groups (computer sci-

ence, STEAM, and primary teachers), mathematics was reported as the most frequent 

additional subject. 
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Table 2 Overview of the most popular subjects that were reported by teachers for each target group (teachers 

usually had 2 subjects). 

2.2 Feedback on the learned content and format  

The overall feedback for the learned content for all three rounds was very positive. 

90% of the trained participants would recommend the workshops further1.  The post-

survey included a series of questions to assess participants' reactions to the suita-

bility of the exercises presented in the training using an instructional strategy that 

allowed teachers to try out the activities designed for their students. Participants 

were asked to assess a level of perceived suitability of the activities for their teaching. 

As ca. 27 activities presented in the trainings varied, it is difficult to compare the find-

ings across the trainings. Table 3 presents the top-rated activities for all the three 

target groups. The activity on language models (which was not introduced in the pri-

mary trainings) was equally praised in both computer science and STEAM trainings. 

Activities that received a lot of mixed feedback included activities with Orange3, in-

cluding tasks on regression.  

 

 

 

 
1 Albeit this survey item was added to the questionnaire only starting from the second round. 

Computer Science Teachers STEAM teachers Primary teachers  

• CS 100% 
• Mathematics 47% 
• Physics 20% 

 

• Mathematics 36% 
• Biology 31% 
• Languages 25% 
• CS 18% 
• Sports 16% 
• Chemistry 15% 

• Mathematics 67% 
• Sports 59% 
• Languages 35% 
• Arts 27% 
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Table 3 Activities rated as most suitable activities for teaching for each target group 

In addition, in the post-evaluation survey 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"): 

 

• "I wish the training had lasted longer." 

• “After the training, I am confident that I can independently implement the 

learned content in my teaching.” 

 

As Figure 2 demonstrates, on average, all the target groups tend to agree, that they 

wish the training had lasted longer. The only exception is the STEAM 2.5-day training 

and to some extent the STEAM 7-hour training. Interestingly, in the case of the CS 

trainings, the duration (regardless of length) was never deemed sufficient, and there 

was a strong preference expressed for longer training sessions. The latter can also be 

interpreted in a positive way: even after 2.5 days, the CS teachers were not over-

whelmed with the amount of the material and were motivated to learn more.  For the 

primary trainings, due to real-life constraints only 1,5 to 4-hour trainings were offered, 

which did not allow us to compare different lengths for this target group.  

 

Computer Science Teachers STEAM teachers Primary teachers  

• Classical AI/Reinforce-
ment learning: Beat 
the robot 

• Real-world AI applica-
tions: AI-Bingo 

• Language Model: 
Grimms’ New Fairy Ta-
les 

• Generative AI: Schul-KI 
• Case study for image 

classification for Ma-
laria, teachable ma-
chine 

• Language Model: 
Grimms’ New Fairy Ta-
les 

• Data literacy/intelli-
gent search: Ligretto-
like card game 

• Data mining with: 
Orange3 

• Supervised learn-
ing/Decision trees: 
Good Monkey Bad 
Monkey 
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Figure 2, Distribution of the date for the post-survey item - "I wish the training had lasted longer" by target group 

and the length of the training,” post-survey evaluation survey n=279 

Figure 3 shows that compared to the primary and CS teachers, STEAM teachers 

report less agreement with the statement that they gathered enough competences to 

teach the learned content in class (as seen across the middle 50% of the data, even 

though the medians are equal). Both primary and CS teachers report higher level of 

agreement compared to STEAM teachers, but for all the target groups the level of 

agreement was rather moderate. The qualitative results elaborate on the challenges 

for the STEAM teachers and identify DL and AI application areas for them as well as 

challenges for integration pointed out by all the target groups. 
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Figure 3 Distribution of the date for the post-survey item - " After the training, I am confident that I can inde-

pendently implement the learned content in my teaching," post-survey evaluation survey n=279 

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

As demonstrated in Figure 4 and Figure 5, respondents reported an increase in the 

average self-reported level of competences in how to use DL and AI content in class 

for all the target groups. The difference between the pre-and post-results was the 

most notable for the CS teachers, especially for the AI item, where interquartile ranges 

(IQRs) – the boxes representing the middle 50% of responses – appear narrower for 

the post-training data, indicating more consistency in the responses. It is noteworthy 

that the pre-training self-reported competence level of DL for CS teachers is lower 

than that for STEAM and Primary teachers, which may not be intuitive given the tech-

nical nature of CS education. The latter could suggest potential issues with the scaling 

or interpretation of the survey item (e.g., understanding of the item by participants 

with different depth of knowledge). The latter stresses the importance (for such items 

on self-reported level of competence, where expectations and standards vary) of 

comparing the pre- and post-differences within the target group and being cautious 

to compare the quantitative differences across the target groups with notably varying 

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

on how to use DL content in class, n=252 

 
Figure 5 Boxplot comparison of pre- and post-results for the survey items on teachers' perceived competences 

on how to use AI content in class, n=252 

2.4 Understanding of DL/AI concepts introduced in the training 

All groups saw improvements in understanding basic concepts post-training, with 

the most pronounced pre- and post-differences for CS teachers, especially for the AI 

items. Questions on regression and using Orange3 were among the most difficult for 
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all the target groups. The purpose of the knowledge tests was to capture participants' 

basic comprehension of core concepts and definitions covered during the training 

sessions. The format and content of these assessments varied from one session to 

another, sometimes incorporating modifications to some of the questions in different 

iterations. Additionally, there was a report from a session in Lithuania indicating that 

some teachers expressed concerns regarding the accuracy of the results and collab-

orated on answering the questions. These challenges complicate the use of these 

results for evaluative purposes. Despite these challenges, the straightforward nature 

of the knowledge tests we conducted could still offer significant value in future train-

ing sessions, specifically as tools for formative self-assessment. 

2.5 Attitudes towards DL/AI and motivation to learn further 

Immediately after the training, participants were asked about the societal im-

portance of the subjects DL and AI for integrating them into the framework curriculum 

(see Fig. 6). Societal relevance was rated very high by all the target groups, but the 

highest score was given for the AI item in the group of CS teachers, with a small 

spread, indicating a higher level of agreement compared to the DL item. Similar re-

sults (with AI being rated higher than DL) were reported for the item on "In the future, 

teaching DL/AI will provide added value to students" (see Fig. 7.), albeit for all the 

target groups, not only for CS. Hence, as reported after the training, not all teachers 

saw DL and AI going hand in hand (not even CS teachers), where DL is being an inte-

gral part of AI.  
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Figure 6 Distribution of the date for the post-survey item - “the topic of DL/AI is of enough societal importance to 

integrate it into the curriculum,” post-survey evaluation survey n=279 

 

 
Figure 7 Distribution of the date for the post-survey item - “In the future, teaching DL/AI will provide added value 

to students,” post-survey evaluation survey n=279 
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In response to a question about their motivation to learn more about DL and AI posed 

during the second and third round, all but one respondent expressed a desire to 

further explore these topics. 

2.6 Follow-up survey results 

For the follow-up survey, conducted at least 6 months after the training, the re-

sponse rates (with an exception of Lithuania in the first and third round) was very 

low. Therefore, the main focus for the follow-up data is on the qualitative interview, 

which allows considering the aspect of the post-training integration of the learned 

content more in depth.  

 

For the first round of CS interventions, the follow-up survey showed that in Ger-

many approximately half of the participants reported teaching the learned (in the 

trainDL training sessions) content on DL and AI. In Austria, one third of the partici-

pants reported teaching DL and all – apart from one participant – reported teaching 

AI. In Lithuania, 14 out of 19 reported teaching DL and AI after the training. Similarly, 

in the follow-up survey for CS in the second round (CS training in the second round 

was conducted only in Germany) showed that all but one respondent integrated DL 

and AI in their teaching. For STEAM in the second round, the sample sizes were very 

small. In Austria, one out of the two respondents reported the actual integration of 

at least one topic of the learnt content in class. For Lithuania, the numbers were 

seven out of eight respondents. For the primary interventions, the Austrian sample 

included unfortunately only one participant, who reported teaching at least one topic 

in class. For Lithuania, the reported integration of at least one topic included 45 out 

of 50 respondents.  

 

Figure 8 demonstrates that out of 100 follow-up participants, 65 reported that they 

already taught DL prior to the training. Out of these 65 participants 48 reported that 

they have also integrated at least one of the taught (in the TrainDL training) topics in 



Teacher training for Data Literacy & Computer Science competencies 

 

 

19 

 

class. At the same time, out of 33 teachers who did not teach DL prior to the training 

22 (67%) also reported teaching at least one topic. A similar picture is seen in the 

Figure 9 for AI, showing that  a significant portion of respondents who were not teach-

ing DL/AI before the training still has chosen to integrate at least one topic into their 

teaching 6-12 months post-training. No notable differences in the country or target 

groups were observed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Sankey diagram showing the relationship between the share of teachers who were teaching DL before 

the training and teaching at least one topic after the training, follow-up survey, n=100 

 

Taught DL be-
fore TrainDL 

 

Did not teach DL 
before TrainDL 

 

Taught at least one 
learned topic after TrainDL  

 

Did not 
teach 
learned 
content af-
ter TrainDL  
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Figure 9 Sankey diagram showing the relationship between the share of teachers who were teaching AI before 

the training and teaching at least one topic after the training, follow-up survey, n=100 

2.7 Summary of the quantitative results  

Compared to the CS trainings, STEAM and primary sessions had a lower number of 

participants. The evaluated primary trainings in Lithuania attracted a relatively large 

number of participants, which might be due to them actively reaching out and trav-

elling directly to the schools, where the trainings were conducted.  

 

The overall feedback on the training content and format was positive. On average, 

all the target groups tend to agree that they wish the training had lasted longer. The 

only exception is 2.5 days and to some extent a 7-hour-training for STEAM. The activity 

on language models (which was not introduced in the primary trainings) was equally 

praised in both computer science and STEAM trainings. Activities that received a lot 

of mixed feedback included activities on DL with Orange3, including work with regres-

sion. Similarly, the knowledge questions on Orange3 and DL seem to be more difficult 

as well as the reported attitudes indicate teachers (even CS) might not have a clear 

understanding about the role of DL in teaching AI. 

 

Although the overall feedback was positive, teachers report a rather moderate 

level of agreement with the statement that they gathered enough competences to 

teach the learned content in class.  

Taught AI be-
fore TrainDL 

 

Did not 
teach AI 
before 
TrainDL 

 

Taught at least one 
learned topic after 
TrainDL  

 

Did not teach 
learned con-
tent after 
TrainDL  
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High societal relevance and value of teaching DL and AI in class as well as a uni-

form willingness to learn more about DL and AI for all the target groups indicate a 

strong potential for integrating these topics into both teacher training and framework 

curriculum.  

 

The follow-up data collected ca. 6 months after the training suggests a general 

willingness and positive trend towards adopting the learned content into teaching 

(regardless of the previous experience of teaching DL/AI), but the small sample sizes 

in some groups (primary in Austria) notably limit the generalisability of these findings. 

Therefore, the follow-up qualitative interviews seem crucial for better understanding 

the post-training integration. 

3. Qualitative results 

The analysis of the qualitative data is structured as following. First, the summary 

of the interviews with the teachers from the CS, STEAM, and primary trainings (already 

reported in details in D4.4, 4.5, and 4.6) is presented. It is then followed up by a more 

detailed description of the qualitative data for the three 2.5-day trainings:  CS training 

25. until 27.11.22 in Germany (Heidelberg) with five persons interviewed; CS training 

24.11.23 until 26.11.23 in Germany (Zeitz), with 19 persons interviewed; STEAM training  

26.01.24 until 28.01.24 in Germany (Meißen), with 20 persons interviewed.  

 

The themes below describe key patterns that repeatedly surfaced in the data, 

which was gathered based on the questions posed during the interview conducted 

immediately after the training.  

3.1 Training feedback 

CS in all rounds, length 90 minutes – 7 hours: 
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The qualitative interviews from three rounds of CS teacher training reveal a con-

sistent appreciation for the introduction to AI and DL, though participants noted chal-

lenges with the depth and complexity of certain topics. Mixed feedback was received 

on tools like Orange3, with some teachers finding it overly complex, while others ap-

preciated its potential for classroom application. Across all rounds, the training de-

sign was generally praised for aligning well with participants' existing knowledge lev-

els, and the blend of theoretical and practical components was well-received. How-

ever, feedback on the duration and structure of the sessions varied, with some teach-

ers feeling the training was too short to cover all intended materials and exercises, 

while others considered it too lengthy. Suggestions for future trainings included more 

in-depth content, longer series of trainings, and the provision of ready-to-use, grade-

appropriate materials that could better facilitate the integration of AI and DL into the 

curriculum. 

 

STEAM 2-3 rounds, length 1.5-4 hours: 

Overall, while the trainings were positively received in terms of their structure and 

initial impact, there was a call for adjustments in duration and content depth to bet-

ter serve the diverse educational backgrounds and subject expertise of STEAM teach-

ers. In the second round, the training was perceived as moderately difficult empha-

sizing the value of extending the training into a series of sessions spread over weeks 

or months. Such a format was seen as beneficial for delving deeper into specific pro-

grams and enhancing practical application skills, thereby better preparing teachers 

to convey complex topics to students. In the third round, the content was assessed 

as not fully applicable to STEAM teaching context. Both rounds shared common sug-

gestions for improvement, focusing on the need for longer training sessions and the 

inclusion of more hands-on exercises to enhance practical understanding.  

 

Primary 3rd round, length 3-4 hours: 

The primary training design was well-aligned with participants' prior knowledge 

levels. Overall, the trainings were positively received. The length was considered ap-

propriate in relation to the content. However, more trainings were welcomed, and 
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there was a desire for longer sessions, although some participants would find whole-

day training too lengthy. It was suggested that teachers should be able to specify 

their knowledge in advance to ensure suitability of the training. The theoretical inputs 

and practical tasks, such as Ligretto, were praised for making topics clearer. However, 

participants expressed a wish for a more hands-on approach instead of primarily 

engaging with worksheets. Structurally, there was feedback about too much thematic 

jumping back and forth, so the suggestion was having one block each for DL and AI. 

 

In terms of materials, there was a positive view, noting that they are practical and 

implementable in the classroom. However, participants suggested including more 

background information and establishing a stronger connection to the every-day life 

of students.  

 

CS Germany 1st round, length 2.5 days: 

Some participants indicated that the training overall corre-

sponded well their prior knowledge, like: "The basics were well ex-

plained but not too detailed, and that was completely sufficient for me. I can 

imagine that it was a bit lacking for people who have no idea about it at all. 

But for me, it was just right" (Participant D - 25.11.22 until 27.11.22, Hei-

delberg).  

Design of training was 
well aligned with prior 
knowledge levels 

 

The training was classified as very good and beneficial: "I found the 

event overall really successful because it addressed, repeated, and pre-

sented many things on different levels" (Participant C - 25.11.22 until 

27.11.22, Heidelberg). Furthermore, it was challenging for the partici-

pants in a positive sense: "[...] since I am essentially only a lower second-

ary school teacher for computer science and have not studied it formally, 

but rather learned it in a self-taught manner, I would say that the difficulty 

level was already high for me, quite significant for me. But you can handle 

it. I mean, we all have problem-solving skills ourselves, and do we not expect 

Overall feedback was 
positive 
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that from our students? Therefore, I think it's okay to be challenged or 

pushed a bit beyond the usual level in training" (Participant A - 25.11.22 

until 27.11.22, Heidelberg).  

 

What also became clear through the training is that data (collec-

tion) is very important for AI, for example: "[...] data determine how an 

AI behaves, and then of course it's also about society, which data do I use. 

What does it mean when I have data that already perhaps have certain as-

pects, biases, boundaries. Then that is automatically reflected in the AI. So, 

you can really draw connections [between DL an AI]" (Participant C - 

25.11.22 until 27.11.22, Heidelberg). 

Bridge between AI and 
DL became clear 
through training    

 

In general, it was said that the format of the weekend workshop 

was very successful. Positive feedback regarding the content high-

lighted that inspirations for teaching could be conveyed (for exam-

ple, through the museum exhibition "I am AI"). Solid foundations for 

classroom use were established, especially concerning the initial un-

derstanding of AI. Therefore, the training served as a good didactic 

introduction for teachers to DL and AI, also reinforcing technical 

terms for participants already familiar with such concepts. 

 

Format: The execution 
of the workshop on the 
weekend was (very) 
good. The content was 
inspiring and a good 
foundation and intro-
duction for future 
teaching. 
 

Furthermore, it was positively praised that concrete examples, re-

spectively exercises were completed in the training. It was great that 

they were practically applied, allowing teachers to try them out. As a 

result, new or never-before-tried tools such as Jupyter Notebooks or 

Orange3 could be tried out, which was an exciting experience for the 

participants. 

 

Concrete examples 
and practical tasks 
were praised. 
 

Regarding specifically mentioned exercises, the guest lectures 

were praised as informative and engaging, among other things, "[…] 

The guest input from 
business representa-
tives was found to be 
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because one must also narrate AI in schools a bit lively, and when one has 

information about what's happening in practice, on the front lines, we as 

teachers never get to experience that. It's enriching to bring the topic of AI 

a bit closer to the students. So not only from the theoretical side" (Partici-

pant C – 25.11.22 until 27.11.22, Heidelberg). The museum tour for data 

collection and subsequent application in the AI context was praised 

because the teachers could try to collect data themselves and it was 

similar to a project that could be carried out with students, thus 

providing teachers with suggestions for teaching. This could allow 

for a whole process from data collection to analysis in the classroom, 

resulting in comprehensible results. 

 

very interesting, as was 
the 'I Am AI' exhibition. 
 

Orange3 was praised because it makes individual process steps 

clear in working with data, and therefore could be pedagogically use-

ful. Additionally, the "Good Monkey – bad monkey" game received 

very positive feedback. 

Orange3 good as was 
Good monkey - Bad 
monkey games 
 

 

The length of the training was praised. With the 2.5-day-duration, 

it is guaranteed that the individuals who are truly interested in these 

topics are reached, and these individuals can then also act as mul-

tipliers. Additionally, the two and a half days provide (for CS teach-

ers) an appropriate framework to familiarise oneself with new and 

complex topics. Moreover, there are plenty of opportunities to ex-

change ideas with colleagues. 

Workshop over numer-
ous days are good / 
very good, as they can 
reach only those who 
are really interested. 
Familiarisation with 
topics and more ex-
change with colleagues 
are possible.   
 

 

The transition between theoretical content (lectures) and active 

exercises, was perceived as very beneficial. 

The structure was 
good mixture between 
theory and exercises. 
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The level of interaction was evaluated as "[...] great, it fit well and 

there was always the opportunity to ask questions and learn something ad-

ditional" (Participant D - 25.11.22 until 27.11.22, Heidelberg). The indi-

viduals who conducted the event communicated the topics well. 

Interaction / commu-
nication was deemed 
positive, e.g., partici-
pants always could ask 
questions and speak-
ers were very good. 
 

 

The staff-to-participant ratio was praised, as well as the organiza-

tion of the event. It was very fruitful that teachers from different fed-

eral states were present, allowing for collaborative work and ex-

change, not only among teachers but also with people from the uni-

versity sector. 

Staff-to-participant ra-
tio was adequate and 
there was (very) good 
organisation and also   
exchange with other 
teachers. 

 

When it comes to discussing expressed ideas, instructions for in-

stalling programs such as Orange3, which are needed for the train-

ing, should be sent out to the participants earlier, for example, one 

week before the start of the training. Also, since the workshop is very 

cost-intensive, it should be considered how to make the training 

more accessible to a broader audience. 

As far as ideas for fur-
ther training goes, 
send instructions for 
installation (in ad-
vance) earlier and con-
sider how to offer a 
workshop broadly. 

 

One approach that can be incorporated into the training is "[…] 

the concept of flipped classroom [...]. On one hand, it's very helpful if you 

can outsource certain content and say you can somehow [make] a prelimi-

nary video [...], so to speak, so that you know you already have a certain 

foundation or a basis upon which everyone can build upon" (Participant A 

- 25.11.22 until 27.11.22, Heidelberg). 

Flipped classroom ap-
proach would be an-
other idea.  
 

 

General ideas were also proposed, like the establishment of "[…] 

'micro-trainings,' meaning trainings conducted by colleagues for colleagues. 

So, in every school, there are colleagues who are already more deeply in-

volved in the topic, who are more interested, and who can pass on their 

Teachers could train 
teachers at own 
school, experts from 
universities could 
break down content 
for school. 
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knowledge. And I believe strongly in this because then, in a familiar environ-

ment where one also knows what is technically possible, one can actually 

receive further training from colleagues whom one knows personally. So to 

speak, in a small-scale training session, they can certainly serve as multipli-

ers [teachers] and may have been trained externally at first, but this could 

ensure that a large [number of] colleagues could perhaps be trained in a 

relatively short time, by having only individual colleagues perhaps attend 

external training and then imparting it to their colleagues" (Participant A 

- 25.11.22 until 27.11.22, Heidelberg). Furthermore, efforts could be 

made to bring in experts from the university sector who can break 

down data processing and AI for school purposes. 

 

Ideas for content were also highlighted in the interviews. For ex-

ample, as an icebreaker at the beginning, participants could be 

asked to share which AI applications they use in their daily (work) 

lives. This could emphasize the importance of AI in the school con-

text right from the start. Thematically, there was a sense that the 

training was very focused on DL, and it was suggested that more em-

phasis could have been placed on AI. Additionally, the various types 

of AI should be introduced in more detail, in order to create a better 

understanding of the concepts among all participants for the re-

mainder of the training. 

Teachers tell about AI 
applications (as ice-
breaker), more empha-
sis on AI, better differ-
entiation (of types) of 
AI. 

 

When it comes to specific exercises, one suggestion was to break 

down complex tools into understandable units. Although the guest 

lectures were interesting, it would be worth reflecting on whether 

the considerable amount of time they took up would have been bet-

ter spent elsewhere. Additionally, it was suggested to invite experts 

from the university sector, "[…] because AI or data literacy, or whatever 

you want to call it, is already taught at universities. [...]. And I would have 

Breaking down com-
plex tools into under-
standable units, time 
from business experts 
might be better used 
for other content 
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expected more of that perspective as well, because, of course, when we 

teach university students who have decided to study, we can teach at a 

higher level than in secondary school levels one or two. But then there 

should already be a lot of experience in how to convey this content" (Par-

ticipant B - 25.11.22 until 27.11.22, Heidelberg). 

 

Furthermore, there was a desire to introduce an exercise on image 

recognition because students find this topic very exciting. For the 

project of the guided tour and the exhibition 'I am AI' with data col-

lection, more time was desired, or a possible deepening in another 

event with the same participant group. Another participant said the 

opposite, namely, that this exercise should have taken less time in 

retrospect. 

Images (e.g., manipula-
tion, recognition) as 
new topic and for case 
study more or less 
time. 

 

For one-day trainings, it was stated that they are "[…] usually short, 

so of course you get something out of it, [but] [...] it's more like a motiva-

tional event" (Participant C - 25.11.22 until 27.11.22, Heidelberg). Half-

day events such as three-hour trainings would also be too short for 

deeper knowledge dissemination. 

Disadvantages  
of full-day trainings 
only or half-day-train-
ings: Deeper 
knowledge dissemina-
tion not possible. 

 

A greater emphasis on practical teaching methods was desired, 

for example, through materials that could be immediately imple-

mented the next day. 

 

There was a wish for 
concrete implementa-
tion plans. 

CS Germany 3rd round, length 2.5 days: 

The training provided the correct terms, concepts, and definitions 

necessary to address AI in the classroom, thus also conveying fun-

damental knowledge. In some cases, while some basics were already 

known, the training also imparted additional knowledge. 

 

Training has provided 
input and foundational 
knowledge through 
training was acquired. 
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Additionally, the training also contributed to structuring existing 

knowledge. For example, one participant already possessed theoret-

ical knowledge but was surprised by how easy it is in practice to pre-

dict the price of a pizza using AI and linear regression. Furthermore, 

it helped to contextualize prior knowledge of data competences in a 

more specific context. 

Training has helped to 
structure (existing) 
knowledge, data com-
petence / DL was 
brought into new con-
text 

 

In the areas of DL and AI, according to the participants, knowledge 

enhancements have occurred, such as: "My prior knowledge in the field 

of data competency has increased because one has seen what it takes to 

generate a usable dataset" (Group A – 24.11.23 until 26.11.23, Zeitz). 

It was positive that 
knowledge in DL and AI 
has increased. 

 

However, some participants also said that their knowledge of DL 

and AI was roughly the same before and after the workshop. In some 

cases, this question was specified regarding moderate knowledge 

both before and after. Another participant said that their knowledge 

had only increased slightly because the content on AI in the training 

was not sufficiently extensive. 

Also neutral impres-
sion: Same / similar 
knowledge as before    
 

 

The content of the training was perceived as very interesting. More 

workshops like this would be desirable. Several ideas and infor-

mation could be conveyed for use in the classroom, such as: "I still 

feel confident in integrating Data Literacy. I may have received individual 

insights into certain ideas and projects. For example, I am currently planning 

a project and have received certain impulses from other colleagues on how 

to implement it and what other ideas there are. This has helped me because 

exchanging ideas within the school, due to the small department, is often 

not so easy" (Group B – 24.11.23 until 26.11.23, Zeitz). The practical and 

Good / very good / in-
teresting content (gen-
eral statement), train-
ing and practical exer-
cises good inspiration 
and basis for future 
teaching, societal-rele-
vant questions about 
AI 
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specific examples, respectively exercises were also a good prepara-

tion for future classroom use of the topics. Except for the pizza pro-

ject (data workshop), one participant said that all other exercises 

were relevant and good. For one participant, the societal aspects of 

AI were particularly fascinating, or more fascinating than some of the 

practical exercises. 

 

The hands-on approach of the training, respectively the exercises, 

was very appealing. One interviewee indicated: "It gave me a good feel-

ing that I can handle what I learned. It wasn't just passive teaching; we also 

applied our knowledge. I think that's good" (Group D – 24.11.23 until 

26.11.23, Zeitz). Some of the exercises would be interesting for stu-

dents. There were tools that were known by name, but practical ex-

perience with them had been lacking until now. But also, new tools 

could be learned through the practical exercises. 

Practical tasks were 
well liked. 

 

When specific exercises were mentioned, it indicates that the 

pizza project and the corresponding data workshop on Saturday 

were positively assessed; it was demonstrated there how important 

the data collection conducted before this project was. Working with 

Orange3, such as in the context of the Abalone exercise, which was 

also classified as instructive and relevant, especially considering an-

imal welfare considerations, was also "[…] beneficial for evaluating a 

linear regression, planning a dataset, acquiring the data, and then cleaning 

it" (Group A - 24.11.23 until 26.11.23, Zeitz). Furthermore, the Abalone 

exercise was positively highlighted because it illustrated a project 

process from start to finish. 

 

Pizza project (data 
workshop) with pre-
ceding data collection 
was well liked, as was 
Orange3, Abalone. 

As part of the data workshop on Sunday, the guided development 

of a price predictor app was highlighted as meaningful, useful, and 

Development of an 
app was praised – the 
same goes for connec-
tion of exercises to 
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well-received by several participants. Generally, the food-related as-

pect of many exercises was perceived as appealing and interesting 

approach: This included the previously mentioned pizza project 

(data workshop on Saturday), but also refers, for example, to the 

guest lecture about food and AI and the food inspection exercise 

(algorithmic bias and image recognition); the latter was liked "[…] be-

cause it is illustrative, one gets results directly, and one can use it directly in 

class" (Group A - 24.11.23 until 26.11.23, Zeitz). 

food, guest lectures 
were found to be very 
good.  
 

 

Alongside these mixed reactions, also negative criticism regarding 

specific exercises was mostly focused on the pizza project. A few 

times, it was explicitly identified as the weakest task. Questions were 

unclear or incomplete on the accompanying worksheets. The objec-

tive and context were also unclear or irrelevant, for example: "I found 

the question of how much a pizza costs when we open our own shop to be 

poor. It has little relevance to students' real lives. In contrast, it is important 

that we don't have to kill an abalone to see how old it is. The product and 

relevance are clear to me in that case. I didn't have that with the pizza pro-

ject" (Group A - 24.11.23 until 26.11.23, Zeitz). Additionally, as men-

tioned earlier, too much time was spent on entering data. The data 

collection itself was also questioned or not goal-oriented, as one 

could have researched the prices on the internet without having to 

visit pizzerias for that purpose. Furthermore, no results were 

achieved, meaning no pizza was created with the help of AI. 

Pizza project (data 
workshop) was no well 
received. 

 

For the task of Generative Cocktail Producer, the creation of a 

weighted graph was not seen as an added value. Furthermore, no 

results were achieved. The training lacked reference to the data life 

cycle. 

Generative Cocktail 
Producer and data life 
cycle were critiqued. 
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It was unclear how long it would take to teach the content in class 

provided in the training. Additionally, the definition of terms/con-

cepts was not clear, for example: "Problematic for me was the initial use 

of these tools because I did not have a complete understanding of the ter-

minology. This not only led to misunderstandings but also to ignorance 

about how to interpret the term precisely" (Group C - 24.11.23 until 

26.11.23, Zeitz). Furthermore, time was perceived as too limited to 

take part in all exercises. Additionally, too much time was spent on 

some exercises, although there was no usable outcome. The separa-

tion between the factual knowledge that is needed and the 

knowledge that is needed in practice to convey the topics in the 

classroom was unclear. 

Alignment of training 
content to number of 
class hours not evi-
dent, initial uncer-
tainty in dealing with 
tools / concepts. There 
were time issues. Also, 
differentiation be-
tween didactic and 
factual knowledge re-
mained unclear. 

 

The unplugged teaching material on language models would be 

ready and immediately usable, for example: "I liked the unplugged ma-

terial for the language model because it could be tried out by hand. This puts 

you on the right side with the students. They can start right away and learn 

how it works" (Group A - 24.11.23 until 26.11.23, Zeitz). The immediate 

use of the material was related to, for instance, the food control ma-

terial or establishing an elective course at the school of one of the 

interviewees. 

Materials practical and 
(instantly) usable for 
classroom, unplugged 
material for LLM 
praised 
 

 

In relation to other factors, the exchange facilitated by the training 

with other teachers was often praised; specifically, the contact with 

colleagues from other states within Germany was also mentioned, 

which opened new perspectives. 

Exchange with other 
teachers (very) good, 
new perspectives 
through teachers from 
other federal states 
were gained 

 

Following that, ideas for further training were expressed, including 

the desire for even more space for collegial exchange, for example, 

"[…] regarding the specific conducting of a classroom lesson or examples of 

Ideas for further train-
ing: More communica-
tion with colleagues 
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how to approach it in class. Why was the concept developed this way, and 

what do other colleagues say about it? So that I may develop an idea for the 

first or a subsequent lesson. How do I introduce the topic? How do I proceed 

with it?" (Group C - 24.11.23 until 26.11.23, Zeitz). 

 

There was a desire for another workshop on the Saturday (25.11.23) 

following the pizza project (data workshop), as this project did not 

work out so well. Although the idea itself for this exercise was ap-

preciated, other questions could have been addressed, such as in-

troducing a graph showing which ingredients are combined how of-

ten. For such or other tasks, more time would have been needed, 

time that could have been saved during data entry, which did not 

add any value for the participants. Additionally, instead of going to 

pizzerias, one could have specified fruits and vegetables in the su-

permarket. Exercises should be closer to the students' everyday life 

context; for example, one could compare hardware properties of mo-

bile phones and their effects on prices (What price do you have to 

pay to get which features?). That would be more practical-oriented, 

as one can conduct internet research instead of visiting places on-

site (as in the pizza project). 

 

One more slot for a 
workshop, more real-
world application of 
topics / exercises, was 
wished for. 
 

A differentiation was requested "[…] between what I need to expand 

my knowledge enough to teach it [topics of the training] and what I need in 

practical teaching to pass on this knowledge. These are two completely dif-

ferent things for me. Either I didn't understand it or it was mixed up here. 

We did many exercises that the students should carry out. This also coached 

me, but I would have liked a separation of these aspects" (Group C - 

24.11.23 until 26.11.23, Zeitz). 

Another wish was dif-
ferentiation for di-
dactic and factual 
knowledge. 
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Also, different materials/exercises were desired, "[…] something 

closer to the everyday lives of children than the Abalone" (Group C - 

24.11.23 until 26.11.23, Zeitz). For Orange3, reducing complexity would 

be sensible, so that one can deactivate those options/widgets that 

are not needed in training. Additionally, web tools/plug-in alterna-

tives for teaching were asked for, which can be accessed without the 

need to log in/register—however, such tools are not currently known 

More material con-
nected to students' 
everyday life; Orange3: 
disable unused func-
tions, so that it is eas-
ier to handle; provide 
information about 
plugged tools or alter-
natives. 

 

 STEAM Germany 3rd round, length 2.5 days: 

The training was well received as it provided input that can be 

used in the classroom. Fundamental knowledge about DL and AI 

could be imparted to the participants, as well as how certain related 

processes work (e.g., data cycle). 

 

Overall, training has 
provided input for ap-
plication in the class-
room. Foundational 
knowledge was ac-
quired, some things 
examined in more de-
tail. 

The training provided "good, general input" (Group A – 26.01.24 until 

28.01.24, Meißen). Attendees found the scientific references particu-

larly interesting. The event was successful, as it addressed and an-

swered the questions participants brought to the workshop, effec-

tively imparting knowledge throughout the weekend. 

 

Overall feedback: good 
and valuable, scientific 
aspects interesting, 
knowledge was dis-
seminated 

When asked about the comparison of knowledge before and after 

the training, there were only statements attesting to a gain in 

knowledge after the training. For example, regarding DL: "But the way 

it was designed here, with examples from Grimm's Fairy Tales [exercise] and 

also yesterday's exercise with the abalones, I found that very instructive. 

This is how one actually understood what this data collection and data anal-

ysis means" (Group B – 26.01.24 until 28.01.24, Meißen). But also in AI, 

there was a gain in knowledge, such as: "The training helped me in the 

sense that I now fundamentally understand what AI means or what the 

Knowledge in DL and 
AI has increased 
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range of meanings is. I now realize that it's not something super new, but 

something evolved" (Group B – 24.01.26 until 26.01.24, Meißen). 

 

A neutral assessment was given because after the training, some 

questions remained unanswered. 

Overall feedback: Neu-
tral - Some questions 
have remained unan-
swered   

 

When asked about knowledge acquisition, it was expressed that 

one still doesn't feel confident enough. Additionally, the transfera-

bility of the training content was questioned (despite fundamental 

competences being conveyed.). Although the training was designed 

for STEAM teachers, it was perceived by one respondent as "[...] a bit 

too computer science-heavy. For someone who has little knowledge of linear 

regression or mathematics, it's difficult to keep up. That's then unfavoura-

ble" (Group B - 26.01.24 until 28.01.24, Meißen). 

Participants not com-
pletely confident in 
own competence post-
training, transferability 
of training's content 
not clearly seen, for 
non-CS teachers 
sometimes hard to fol-
low 
 

 

In terms of content, it was positively noted that on the first day, 

there was initially an explanation of what AI is. Additionally, it was 

noted that after the workshop, it was clear what AI is. The training 

provided a good introduction/foundation to the subject area of DL 

and AI. 

 

Introduction what AI is 
on the first day help-
ful, AI became clearer 
through input and ex-
ercises, good introduc-
tion 

Positively highlighted was that content was secured with a flip 

chart / display board. The content of the training would also be 

transferable to the classroom. There was also info about applica-

tions in research, which was interesting. The exchange in subject 

groups, which took place at various points during the training, was 

perceived as fruitful. 

 

It was positive that re-
sults were secured, 
content would be 
transferable into 
teaching, learned 
about applications in 
research, discipline-
specific/subject in-
put/discussions with 
colleagues       
 

When the discussion in the interviews shifted more towards the 

activities that were present in the training, it was underlined, that 

Practical tasks were 
well liked, exercises 
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practical engagement with the tools and exercises that can be used 

in the classroom was very helpful. It was emphasized that unplugged 

exercises generally have the advantage of being independent of 

technology or not being disrupted by technology when applied in the 

classroom. 

and tools had connec-
tion to teaching in the 
classroom 
 

 
To address specific activities, the "Teaching Workshop: Idea 

Sketches for AI and Data in Subject Teaching" was generally consid-

ered helpful and important, as well as "AI and Data: What Skills do 

Teachers Need?" to develop suggestions for teaching. "The activity 

"AI Quiz" was helpful in gaining understanding about AI. The exer-

cises Food Inspection, Abalone, and Grimm's New Fairy Tales re-

ceived repeated general approval. The latter also contributed to the 

understanding of AI: "I found especially intriguing the background infor-

mation about these games we played, breaking down the sentence, how to 

build the AI model. But also how complex it is and how much data is inputted 

for such an AI to even function" (Group D – 26.01.24 until 28.01.24, 

Meißen). Also, the Good Monkey-Bad Monkey-Game was praised, as 

well as the exercises focusing on Generative AI. The access to or 

working with a Miro board was positively acknowledged. 

 

The following content 
was received positive: 
Teaching workshop, AI 
& Data, AI-Quiz, food 
inspection, Abalone, 
Grimm's New Fairy Ta-
les, Miro Board 

Speaking of theoretical inputs, the expert lectures were also ap-

preciated, focusing "[…] mainly on how we can enrich our knowledge 

through dealing with data and AI" (Group D – 26.01.24 until 28.01.24, 

Meißen) and also "from a scientific perspective to understand what is pos-

sible in the real world, where we also need and can go with our students, to 

have a justification for completely different teaching concepts or ideas 

about teaching and training. In addition, I found them very exciting from a 

content perspective, due to my combination of subjects" (Group B – 

24.01.24 until 26.01.24, Meißen). Furthermore, the guest lectures also 

Guest input was ap-
preciated. 
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helped or can enable to show students the opportunities and risks 

of AI and also to enthuse them about these topics or corresponding 

occupations. 

 

It was noted that the technical/theoretical content was not as in-

teresting as the application/practical content. While it was noticed 

that task assignments were unclear, to some extent, this was seen as 

unproblematic: "Naturally, I can view this from the perspective of a 

teacher in an entirely different way. But in this case, we are not children, but 

adults, and we can work with task assignments that are not perfectly 

thought out" (Group B - 26.01.24 until 28.01.24, Meißen). The Abalone 

exercise was assessed as a good start, but questions remained un-

answered, especially regarding Orange3. 

Neutral feedback was 
that technical content 
wasn't as interesting 
as application content; 
unclear work, but not 
problematic; Abalone: 
good, but questions 
remain for Orange3 

 

Work instructions were described by other interviewees as too un-

clear: "They were not good, confusing, misguided" (Group B - 26.01.24 

until 28.01.24, Meißen). Overall, there was insufficient differentiation 

in terms of training content being specific to the field. Transferability 

was questioned for training’s content that referred for example to 

archaeology and natural sciences (e.g., guest input / lectures and 

Abalone). Also, there often wasn't enough time for discussions or 

practical exercises. One participant felt that practical exercises were 

unnecessary.  

 

Negative about con-
tent was that work in-
structions were un-
clear or confusing; 
there was lack of spe-
cific subject didactic 
reference or content 
would not be transfer-
rable, too little time 
for practical exercises 
and discussions, Prac-
tical tasks superfluous 
 

Additionally, it was noted that although a lot of knowledge was 

gained through the training, there is a feeling that practical work for 

the teacher begins only after the workshop. It was also criticized that 

the term AI was not sufficiently defined: "With AI, it remained a bit open 

until the end, […]. Perhaps it would have been useful to provide a working 

definition, perhaps it was intentional that it remains a bit open for us. I like 

AI not so clearly de-
fined, definitions intro-
duced too late in the 
training 
 



Teacher training for Data Literacy & Computer Science competencies 

 

 

38 

 

to have something to hold on to. Maybe it is not yet scientifically secured. It 

is not new, but currently it is still not foreseeable what exactly it is and how 

it can be limited" (Group D - 26.01.24 until 28.01.24, Meißen). Regarding 

the definition of terms, it was expressed that they came too late in 

the training process.  

 

When criticism was addressed regarding specific exercises, it was 

noted that the development of concrete proposals within the AI & 

Data segment on Sunday was insufficient, or there were unnecessary 

parts included: "For the competency requirements for teachers, person-

ally, I was not interested in how someone arrives at them. It would have 

been sufficient for me to see the competency model once and then engage 

in discussion about it [...]. Comparing different models is very important for 

someone researching didactics, but absolutely irrelevant for us as users. I 

found that very unfortunate because it took up a lot of time that was sorely 

needed elsewhere" (Group C - 26.01.24 until 28.01.24, Meißen). Similarly, 

for the subsequent Teaching Workshop, participants wished for more 

time. Concerning the exercise on AI chatbots in schools, it was criti-

cized that the results were not clear or meaningful. Regarding 

Grimm’s New Tales, inaccurate task assignments were criticized, 

partly leading to a "[…] complete blackout and not knowing exactly what 

to do" (Group A - 26.01.24 until 28.01.24, Meißen). The Miro board tool 

was deemed insufficient for ensuring results, as it was not consist-

ently used by all participants and was often switched to other (hy-

brid) forms by the workshop facilitators. 

 

AI & Data with prob-
lems and subsequent 
workshop not long 
enough; Grimm's New 
Fairy Tales with un-
clear work instructions, 
Miro Board not optimal 
 

Regarding the guest lectures or presentations, it was critically 

noted that in some cases, not everything could be presented as in-

tended by the speaker, and there were also no practical connec-

tions/exercises directly following these lectures. The sequence of 

Guest input with prob-
lems and no practical 
connection to guest in-
put 
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two presentations as well as the city tour was also perceived as too 

much consecutive theoretical input. 

 

The training plan was generally considered well-designed in the-

ory, "[…] but the implementation was obviously hardly possible because it 

was too slow" (Group C - 26.01.24 until 28.01.24, Meißen). The time 

management during the training was therefore classified as difficult, 

often requiring cuts, haste, or short timeframes at certain points. 

Therefore, there was sometimes the feeling of undergoing the train-

ing under time pressure. 

Training too short, 
training program too 
full for available time, 
time management dif-
ficult, had to rush 
through content 
 

 

Positive feedback was given on other factors, as just mentioned, 

praising the fundamental design/plan of the training. It was also em-

phasized that the collegial exchange during and around the training 

was highly appreciated, for example: "For me, as someone who had no 

prior knowledge, the best part was actually the many conversations during 

the breaks with colleagues who already know a lot. That's how I learned a 

great deal, probably the most" (Group B - 26.01.24 until 28.01.24, 

Meißen). 

On the other hand, 
training design was 
praised, exchange with 
other teachers inter-
esting    
 

 

Regarding areas for improvement, even though, as just illustrated, 

the training plan was praised, it was recommended to "[...] establish 

an even clearer roadmap, even if it may not fully encompass the current sci-

entific discourse, but at least one can work with it concretely" (Group C - 

26.01.24 until 28.01.24, Meißen). 

But there was also 
wish for clearer design 
 

 

It is desired that, apart from the educational federalism in Ger-

many, there would be more consensus and support among/at 

schools regarding the integration of (new) topics. Additionally, it 

would help "if we really want to prepare students for life in the future work 

More support for / at 
schools is wished for. 
Bring in experts. 
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and research, [...] to bring in real experts to the school. These could help 

teachers and students to truly understand this process" (Group A - 26.01.24 

until 28.01.24, Meißen). This would counteract the process whereby 

every teacher / each school would have to create their own materials 

and be left to their own devices. 

 

In terms of content, some participants expressed a desire for 

more practical exercises, greater relevance to application, and more 

on didactics, such as "[…] how to directly implement AI in schools, […]. 

That's where it got really exciting for me [in the training]. It was noticeable 

how suddenly more people engaged, got into conversation, and a lot more 

discussion arose compared to just focusing on the technical aspects" (Group 

A - 26.01.24 until 28.01.24, Meißen). There was also a wish for "more of 

a laboratory atmosphere, where one can experiment. I noticed we started 

googling for suitable programs. It would be good if, once you've found 

something, you could go into it and see what it can do. Of course, now that's 

something you have to do at home. It would be nice to have a bit more time 

for that [in the training], I think" (Group D - 26.01.24 until 28.01.24, 

Meißen). Additionally, there was a desire expressed for content re-

garding differentiability or adaptability to various students' grade 

levels. Furthermore, the idea was raised to expand subject-specific 

discussions and to receive input from experts or scientific insights 

on this. 

 

Wish for more practical 
exercises, differentia-
tion of content; align 
training more towards 
more trying out on 
own, more discipline / 
subject specific input 
with colleagues 

Clearer working definitions would have helped: "The basic terms 

were not specified. We didn't know which terms to work with because they 

weren't defined yet. Creating a working definition for ourselves, providing 

more assurance phases, and perhaps working more based on interests" 

(Group B - 26.01.24 until 28.01.24, Meißen). This was particularly re-

lated to AI. During the working phases, it was suggested to better 

Create definitions of 
concepts in training, 
provide working defini-
tion of AI,  clearer work 
instructions, use 
Padlets or TaskCards 
instead of Miro Board 
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utilize Padlets instead of relying on Miro boards working with 

Padlets2, which can "[...] really break it [content] down so that you really 

have something and not just a framework where half is missing" or 

TaskCards3, "[...] where there is better visibility and easier accessibility" 

(Group D - 26.01.24 until 28.01.24, Meißen). The work instructions 

should be designed more clearly, especially with the perspective or 

the requirement if they were to be adopted for students in the class-

room. 

 

For clearer work instructions, it was also advocated elsewhere, 

particularly in the case of the exercises Abalone and Grimm’s New 

Fairy Tales. Additionally, for the latter exercise, more time for assess-

ment would have been desirable. For the Abalone exercise, a more 

in-depth exploration should have been done, especially regarding 

Orange3, as some questions remained unanswered afterwards. 

Presentations should ideally have a stronger practical relevance to 

classroom teaching. Any presentations that are theoretical in nature 

should be held early in the workshop to establish a working basis, 

and there should also be accompanying handouts. 

 

Clearer work instruc-
tions for Grimm's New 
Fairy Tales and Aba-
lone, more time for 
Grimm's New Fairy Ta-
les, cover Abalone 
more in depth, presen-
tations should be held 
as early as possible in 
the training and ac-
companied by 
handouts 
 

Regarding the length of the training, desires were expressed that 

justify a further weekend workshop, such as "[…] to participate in such 

a weekend again, which was very enjoyable, if afterwards one could receive 

even more concrete things that could be taken as an add-on into one's own 

teaching" (Group C - 26.01.24 until 28.01.24, Meißen). Additionally, it 

was also frequently expressed to want to spend more time on train-

ing or specifically to extend the weekend workshop, which lasted two 

Ideas for further train-
ing: Wish for another 
weekend workshop 
 

 
2 See https://de.padlet.com (no English version available) 
3 See https://www.taskcards.de (no English version available) 

https://de.padlet.com/
https://www.taskcards.de/
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and a half days, for example, by adding another day. One-day work-

shops, on the other hand, are insufficient for taking away something 

tangible and applicable. 

 

Further time-related suggestions include the possibility of out-

sourcing theoretical inputs, meaning providing participants with ac-

cess to them before the training, such as in the form of videos. Ad-

ditionally, there was a desire for more time to be allocated for col-

legial exchange. Furthermore, activities related to subject-specific or 

school-specific application (like AI and Data and the Teaching Work-

shop) should take up more time in the training. 

Outsourcing of content 
to save time, more 
time for exchange with 
colleagues and for 
specific content    
 

 

Linked to the desire for an extended weekend workshop was the 

demand for more concrete teaching materials. Also, scientifically 

grounded, proven materials containing concrete steps were brought 

into play: "For example, even at the university, if experts are not invited 

into schools, things could be further developed, including entire series, 

which are then evaluated and handed over to teachers. Following the 

motto: 'You don't have to develop it completely on your own. Here is some-

thing I have tested and works well. Take this.' [...] I would wish for more 

scientific background to be provided" (Group A - 26.01.24 until 28.01.24, 

Meißen). Teachers could also provide feedback on this kind of mate-

rial. This would contribute to relieving the burden on teachers. Ad-

ditionally, a prompt catalogue was requested within the exercise 

Grimm's New Fairy Tales, to make it clear what needs to be provided 

to obtain more concrete results. For the presentations, there was a 

request for handouts.   

Materials should be  
more concrete for own 
teaching, more well-
founded material, con-
crete implementation 
(ready-to-use) plans, 
Grimm´s New Fairy Ta-
les should have a cata-
logue for prompts, give 
out handouts for 
presentations 
 

 

Summary:  
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The overall feedback across CS, STEAM, and primary education training sessions 

reveals a consistent theme: while the content and structure of the training are well-

received, there is a clear call from all participant groups for longer durations or series 

of trainings and deeper material engagement. This would better accommodate the 

needs for detailed understanding and practical application necessary for teaching AI 

and DL effectively. 

 

For CS teachers, the sessions ranged from 90 minutes to 7 hours and received gen-

erally positive feedback regarding the introduction to AI and DL, with the material 

mostly aligning well with participants' pre-existing knowledge. However, responses 

varied concerning the tools used, such as Orange3, and the length of the trainings. 

Some participants felt the trainings were too short to adequately cover all the mate-

rial, while others found them overly lengthy. Suggestions for future training empha-

sized the need for more in-depth content and longer, more detailed sessions. CS 

training in Germany extended over 2.5 days and was noted for its thorough engage-

ment with the material, providing a robust foundation in AI and DL, although some 

participants suggested an even more extended period (a series of workshops) could 

be beneficial for deeper exploration and understanding. 

 

STEAM teachers experienced sessions lasting between 1.5 to 4 hours. Like the CS 

group, they appreciated the training structure and the integration of practical and 

theoretical components. Nonetheless, they echoed the need for adjustments in the 

lengths to better accommodate deep dives into specific topics and specific applica-

tions for STEAM subjects that they were lacking. The feedback suggested a preference 

for spreading the trainings over weeks or months. In the third round of STEAM training 

in Germany, spanning 2.5 days, participants also reported a positive reception of the 

content that combined AI and DL, which was considered to align well with their prior 

knowledge. This longer format allowed for a more in-depth exploration of the sub-

jects, appreciated by the attendees. Similar to other groups, however, there were sug-

gestions for even more extended sessions. Participants valued the comprehensive 

nature of the training but expressed a desire for further depth and more practical 
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applications that could be directly transferred to classroom settings. The longer du-

ration was seen as beneficial for delving deeper into complex topics and providing a 

more sustained learning experience, which was particularly useful for integrating the 

new knowledge into educational practices effectively. 

 

Primary educators, who attended 3-4 hour sessions in the third round, generally 

found the training well-aligned with their knowledge levels and the length appropri-

ate. They expressed a desire for longer and more frequent training opportunities to 

better integrate AI and DL into their curricula. Practical tasks were well-received, but 

there was a call for more interactive and hands-on approaches. 

3.2 Teachability and difficulties of teaching DL and AI 

CS in all rounds, length 90 minutes – 7 hours: 

In all rounds of CS teacher training, the urgency to integrate DL and AI into the CS 

framework curriculum was consistently emphasized by teachers from various coun-

tries. Teachers also advocated for the incorporation of DL and AI into non-CS subjects 

and proposed making CS a mandatory subject in secondary education across Ger-

many and Austria, with some in Lithuania suggesting starting CS education at the 

primary level. Teachers discussed the difficulty of moving from basic theoretical 

knowledge to applying DL and AI in more significant, contextual settings in the class-

room. The gap between teaching foundational concepts and applying them in com-

plex tasks was particularly challenging. Teachers suggested that starting with simple, 

unplugged exercises to explain basic principles before advancing to larger models 

could help bridge this gap. The integration of DL and AI is not only a technical issue 

but also an ethical one. Teachers need additional contextual knowledge to address 

ethics. 

 

STEAM 2-3 rounds, length 1.5-4 hours: 

From the second round in Lithuania and Austria, it was noted that the training 

content was adaptable for subjects like biology and mathematics, with modifications 
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suggested to make the content accessible for varying student age groups. The training 

was seen as feasible for younger students through playful approaches and could be 

scaled up in complexity for older students. Teachers showed a keen interest in inte-

grating these technologies into the classroom, driven by the motivation to update 

and make their subjects more engaging and relevant. 

 

In the third round, the necessity to adapt the training and educational materials 

to different educational levels and subjects was emphasized, with a focus on making 

them more accessible and relevant. Practical applications were favoured, and the 

ability to implement simpler exercises in lower grades and more complex tasks in 

higher grades was considered crucial for effective education in DL and AI. For both 

rounds, more practical applications for teaching DL and AI into STEAM subjects are 

needed.  

 

Primary 3rd round, length 3-4 hours: 

Teaching DL and AI in primary school education poses challenges: For effective 

instruction, teachers need knowledge, and external support from outside the school 

could be helpful. The teachability varies based on topics and grade level. Emphasizing 

playfulness, such as through puzzle tasks and practical activities like using Bebras 

cards or tasks from the ViLLE platform, is essential. DL is considered teachable for 

lower grade levels in general. While AI's feasibility in primary education is also 

acknowledged, creating tasks may be challenging. Possible approaches for teaching 

AI include working with images, addressing fake news, and emphasizing pattern 

recognition. A connection between DL and mathematics is highlighted, aligning with 

competences taught in this subject. 

 

CS Germany 1st round, length 2.5 days: 

As a prerequisite for the teachability of DL and AI, it was men-

tioned that students would first need basic knowledge to be able to 

handle and learn more about these topics. 

Teachability: DL & AI – 
Dependent on the 
depth of the treat-
ment, Jupyter Note-
books: Feasible 
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It could be difficult for the students to evaluate tasks such as sur-

veys. Such tasks are not easily conveyable. 

Teachability of DL – 
Challenging / difficult 

 

As seen in the exercises during the training, it is possible to go 

through processes related to AI entirely with the students. Therefore, 

teaching AI, even if the content is further deepened, is feasible in 

classroom teaching. However, the content would also need to be tai-

lored to the students. 

 

Teachability: AI – Fea-
sible, dependent on 
students or their char-
acteristics 
 

Students would quickly become interested in things they find on 

the internet, such as ChatGPT. However, as a teacher, there would be 

the challenge of explaining the complex functionality of this tool. 

Mathematical derivations in combination with neuron functioning 

would be teachable at the upper secondary level. Similarly, exercises 

or games based on decision trees would be feasible in the class-

room, which would be suitable for younger students. 

Teachability: AI – Stu-
dents are interested in 
ChatGPT, ChatGPT: 
complex, mathematical 
derivation and neuron 
functioning for upper 
secondary level, deci-
sion trees / rule set-
ting is feasible for 
younger students    
 

 

If teaching is implemented well and the teacher can inspire the 

students, there is a high teachability, even for young students. Spe-

cifically, the programming language Scratch or programming in gen-

eral was considered suitable for younger students. For the convey-

ance of content, a way must be found so that students are neither 

under nor over challenged. It can be difficult or time-consuming to 

convey the content, but fundamentally, almost any material can be 

taught. 

Teachability: Unspeci-
fied – Feasible, Scratch 
& programming also 
feasible for younger 
students, neither un-
der- nor overburden 
students, could be 
challenging / difficult 
 

 

As mentioned just before, the conveyance of content also de-

pends on the teacher – their enthusiasm and the topic implementa-

tion play a role. Additionally, the teachability depends on the depth 

Teachability: Unspeci-
fied – Dependent on 
teacher, how teaching 
is implemented, depth 
of the treatment and 
on students' grade lev-
els    
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of treatment: "You always just have to look at the depth, in which class. I 

don't see any problem with that at all, because we also teach them com-

puter hardware or programming, and that doesn't mean they have to be 

able to program some high-end super software, but it's about the basics, 

the understanding" (Participant C - 25.11.22 until 27.11.22, Heidelberg). 

 

 

The lower the grade level, the more comprehensible the content 

must be conveyed, because if it becomes too complex, the motiva-

tion of the students can decrease. 

Teachability: Unspeci-
fied – The lower the 
grade level, the more 
understandable the 
teaching; when too 
complex, motivation 
can diminish 

 

Regarding ideas on how to integrate the topics into the classroom, 

with the Donkey Car Pilot4, you can bring these topics into the class-

room: build vehicles, conduct training runs via the app, etc., and thus 

achieve relatively quick success. 

Ideas how DL & AI 
could be taught: Exer-
cise Donkey Car Pilot 

 

There are some data for school use that are already prepared and 

available, such as historical climate data. Such or other data could 

be integrated very well into various school subjects: "Yes, science or 

our modern world, we are sitting on enormous amounts of data nowadays, 

and we just need to prepare them in a way that they are accessible even for 

ten, eleven, twelve-year-olds" (Participant B - 25.11.22 until 27.11.22, Hei-

delberg). 

 

Ideas how DL could be 
taught: Other data 
sources for school, 
working with data from 
climate institutes, 
much data out there 
for integration in many 
subjects 

One way to integrate DL into the classroom is to take photos via 

GPS positioning, load them into a map, and evaluate the attractive-

ness of these locations (for example, using green, yellow, or red dots) 

based on data such as climate data. Another idea is for the students 

to collect data related to their school (e.g., quality of bicycle paths) 

Ideas how DL could be 
taught: Environmental 
and spatial visualisa-
tion, collecting data in 
one's own school envi-
ronment, Jupyter Note-
book for data cleans-
ing  

 
4 See https://docs.donkeycar.com/guide/train_autopilot  

https://docs.donkeycar.com/guide/train_autopilot
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and then enter it into a web-based application, for example. Further-

more, students could clean data using Jupyter Notebooks. 

 

With the QuickDraw5, where users are given prompts to draw and 

the tool then recognises whether the prompt has been drawn, there 

is a playful approach to integrating AI into the classroom. For exam-

ple, it could be incorporated into language classes, where the class 

has to guess vocabulary based on the drawings. Additionally, the 

teacher can share background information about AI with the stu-

dents. Another possible approach to AI is Teachable Machines, for 

instance, embedding tasks related to relevant social contexts, such 

as recognising whether people are wearing masks (Corona epidemic) 

in photos.  

Ideas how AI could be 
taught: Tool Quick-
Draw, Teachable Ma-
chine: ethical, social 
issues 
 

 

An idea with real-world relevance for students is programming 

chatbots with Scratch: for example, creating a chatbot similar to 

those encountered by users on Amazon. Furthermore, Jupyter Note-

books can be used to address a variety of general problems. 

Ideas how AI could be 
taught: Programming a 
chatbot with Scratch, 
Jupyter Notebook for 
character recognition    
 

 

The relevance of the topics DL and AI is assessed in such a way 

that it is important to teach these subjects because they are very 

present in everyday life. 

Relevance of DL & AI: 
General statement – 
Very important 

 

When it comes to discussing the linkages of DL to individual sub-

jects, thematic connections to the subjects of biology, physics 

(STEAM), and geography were identified in the interviews, such as: 

"Geography is naturally very media-intensive and data-intensive anyway. I 

would count things like collecting our own data in the vicinity of the school 

Linkage between sub-
jects to DL: Biology, 
physics as STEAM sub-
jects, geography as a 
data-intensive subject 

 
5 See https://quickdraw.withgoogle.com/?locale=en_US   

https://quickdraw.withgoogle.com/?locale=en_US
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on the quality of bicycle paths, for example, and then entering that into spe-

cial web-based mapping applications either on mobile devices or using var-

ious cool tools […]" (Participant A - 25.11.22 until 27.11.22, Heidelberg). 

 

In programming languages like Scratch, one can rebuild chatbots, 

for example, in a foreign language subject. Another example is the 

previously mentioned QuickDraw, which can be integrated with lan-

guage exercises, such as vocabulary learning. 

Linkage between sub-
ject to AI: Foreign Lan-
guages: yes, through 
text-based AI / tools    

 

CS Germany 3rd round, length 2.5 days: 

As a prerequisite for the teachability of DL and AI, it was men-

tioned that students would first need basic knowledge to be able to 

handle and learn more about these topics. 

Teachability: DL & AI: 
Prerequisites - Impart-
ing basic competences    
 

 

The students are easier to motivate by AI compared to DL: "We 

have databases or data and their structuring as a content field in [federal 

state], but I find it difficult to motivate why data modelling is important. 

Through the topic of AI, one can effectively demonstrate that modelling car 

classes is not done just for fun. The students do not understand the rele-

vance of it, but here the effects are clearly visible and can be made tangible" 

(Group A - 24.11.23 until 26.11.23, Zeitz). 

 

Teachability: DL & AI – 
Students find it easier 
to be motivated by AI 
than by DL 

In relation to exercises from the training, the exercise food In-

spection (bias/image recognition) would be applicable in class. 

Teachability: DL & AI – 
Food inspection (algo-
rithmic bias / image 
recognition) 

 

Decision trees could be implemented as part of the exercise Good 

Monkey – Bad Monkey and the use of the tool Orange3. 

 

Ideas how DL & AI 
could be taught: Good 
Monkey – Bad Monkey 
and decision trees to-
gether with Orange3    
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In relation to DL, using tools like Orange3 as an example that is 

applied in training, it was mentioned as a prerequisite for teachabil-

ity that exercises must be constructed in such a way that students 

also understand why it works and can then apply this knowledge 

later on. 

Teachability: DL: Pre-
requisites - Orange3: 
set up in a way that 
they can learn some-
thing   

 

Teachability in the field of DL thus depends on finding good ex-

amples/tasks that engage the students, as otherwise these topics 

can quickly become dry. DL as a fundamental concept of data could 

be effectively conveyed through the topic complex of databases. Cer-

tain content in the field of DL would be teachable for eighth-grade 

students.  

 

Teachability of DL: De-
pendent on good ex-
amples, that create 
motivation; DL und 
data concepts through 
databases; certain 
content feasible for 
lower grade levels 
 

Regarding the teachability related to training content from the 

weekend workshop, it would be conceivable to use Orange3 with 

eleventh graders in the subject of mathematics. The Pizza project 

(data workshop) would be conceivable for the upper secondary level, 

but not for the lower secondary level. The same applies to the exer-

cise Generative Cocktail Producer. 

Teachability of DL: Or-
ange3 for higher grade 
levels; pizza project 
(data workshop) and 
Generative Cocktail 
Producer may be feasi-
ble for upper second-
ary level, but not lower 
secondary level    
 

 

In the interviews, some ideas were brought up on how to teach 

DL. The program Orange3, for example, could be introduced first 

through an unplugged approach: "I would start by doing it manually so 

they understand what's happening. For example, you draw the points and 

make a line through them with the triangle ruler. 'Now we have a tool that 

can do it better!' Then I would move on to the tool so they understand what's 

happening. Otherwise, it's a black box where I have a group, data, and a line 

[in Orange3], and suddenly a finished result comes out predicting some-

thing. It's an abstract black box, and in the worst-case scenario, students 

learn that they have a program that does it. I want them to understand 

Ideas how DL could be 
taught: Orange3: work 
on functions un-
plugged, then intro-
duce plugged; usage of 
InstaHub to motivate 
students to work with 
data    
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what's happening" (Group A - 24.11.23 until 26.11.23, Zeitz). With the so-

cial network online tool Instahub6, students could be motivated to 

work with data and analyse it. 

 

Data security could also be addressed outside CS classes, for ex-

ample in ethics subjects or in the class council. Since data plays a 

role in many subjects, it can be referenced and worked with accord-

ingly there, for example climate or measurement data in physics (for 

example, via sensors). 

Ideas how DL could be 
taught: Data security 
can be taught in ethics 
or class council, data 
competences in many 
subjects 

 

Regarding the teachability of AI, ChatGPT could be utilised, for ex-

ample, as a supportive tool in programming tasks within the CS sub-

ject for grades nine to ten. Some of the exercises from the AI training 

would be suitable for students. 

Teachability of AI: 
ChatGPT for lower 
grade levels, some AI 
exercises feasible 
 

 

As just mentioned, ChatGPT can be used in the context of pro-

gramming: "But one must always point out that it needs to be adapted be-

cause we use an online programming environment where individual meth-

ods are often different. As support, it [ChatGPT] is good, but it does not re-

place understanding" (Group A - 24.11.23 until 26.11.23, Zeitz). 

Ideas how AI could be 
taught: ChatGPT for 
programming   

 

After the training, AI is defined in relation to the use of linear re-

gression for determining the pizza price as follows: "[...] you input 

some data and something reasonably sensible comes out" (Group A - 

24.11.23 until 26.11.23, Zeitz). 

Definition of AI 
 

 

The prerequisite mentioned is that for teaching content, it must 

also be presented and designed in an interesting manner. 

Teachability (unspeci-
fied): Prerequisites - 
Content must be ex-
plained and designed 

 
6 See https://instahub.org  (no English version available) 

https://instahub.org/
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in an interesting man-
ner 

 

During project weeks, one can work on topics and also break them 

down for different grade levels, making it interesting for each re-

spective grade level. 

Ideas how topics could 
be taught (unspeci-
fied): In project weeks, 
topics can be worked 
on 

 

Concerning relevance, DL and AI are important topics for teaching 

and just as relevant for integration into the classroom as all other 

topics that are equally significant for students. 

Relevance of DL & AI: 
Important 

 

Furthermore, it is assessed that "[...] especially with the increasing 

amount of data, which is growing and which we can and must process ever 

faster, this data competence becomes increasingly relevant for students be-

cause only by analysing such data can they learn to properly assess certain 

results they receive, for example, on Instagram or TikTok" (Group B - 

24.11.23 until 26.11.23, Zeitz). This way, students can be educated to-

wards independence. For another respondent, programming algo-

rithms is the most relevant aspect in the subject of CS, followed by 

DL. 

Relevance of DL: Data 
competences getting 
more important for 
students;  
in CS, programming al-
gorithms are the most 
relevant  
 

 

The handling of AI is a sociopolitical and social science issue, 

therefore, integrating it into education is important. 

Relevance of AI: Im-
portant 

 

Relevance and thus linkage of DL and AI are seen across CS and 

extend to other subjects; for example, DL and AI are "[…] ultimately 

also part of our lives, and I believe that other subjects such as German or 

religion or others can and should address the topic as well" (Group B - 

24.11.23 until 26.11.23, Zeitz). There are applications and examples 

from all areas, and accordingly, impacts will unfold in many contexts. 

Linkage between sub-
ject to DL & AI: Non-
CS-subjects – yes, link-
ages can come from all 
subjects 
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Therefore, interdisciplinary work in subjects other than just CS 

should be done on this topic. 

 

In mathematics, fundamentals are taught that can be utilised within 

the scope of AI and DL (e.g., modelling). 

 
 
Linkage between sub-
ject to DL & AI: Mathe-
matics 

 

Data plays a role in environmental protection. This topic is cov-

ered in several subjects, such as geography or physics, through (cli-

mate) data measurements that can be obtained using sensors. In the 

subject of physics, working with data (such as data preparation) is 

relevant. Regarding the STEAM subject of mathematics, a connection 

to DL is seen in regression analysis, but also in statistics. The latter 

also occurs in the natural sciences.  

 

Linkage between sub-
ject to DL: Non-CS-sub-
jects – data; STEAM – 
statistics, in physics, it 
is working with data; 
for mathematics, it is 
regression analysis, 
statistics 

 Aspects like data protection do not have to be addressed in the 

CS subject, but can be covered in ethics classes, for example. 

Linkage between sub-
ject to DL: Non-CS-sub-
jects – in Ethics, by 
data security    

 

Regarding AI, it was said, among other things, "the content context 

is in other subjects because AI is not an end in itself, but it serves an appli-

cation, and this application is within the realm of the geography teacher or 

the German teacher" (Group B - 24.11.23 until 26.11.23, Zeitz). Therefore, 

AI does not necessarily have to be taught exclusively in CS but can 

also be integrated into other subjects, as statistical tasks are also 

associated with it. Furthermore, it should be considered whether AI 

could be integrated "[...] just as well as societal aspects into other sub-

jects, where it is viewed from different perspectives. We need to address it 

in school in general, in various areas. In this, computer science may have a 

small role, where students actually learn what is behind it. However, much 

more relevant is the fundamental societal approach to it" (Group C - 

24.11.23 until 26.11.23, Zeitz).  

Linkage between sub-
ject to AI: Non-CS-sub-
jects – yes, can be 
brought as societal as-
pects in subjects    
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The topic of AI can be incorporated into mathematics lessons 

within the framework of statistics. 

Linkage between sub-
ject to AI: Mathematics 
– connection to statis-
tics 
 

 

STEAM Germany 3rd round, length 2.5 days: 

Modelling experiments like the Abalone exercise could be consid-

ered for advanced courses in both biology and chemistry at the up-

per secondary level. Unplugged exercises (such as Grimm's New Fairy 

Tales) would be suitable for teaching as they are independent of 

technical malfunctions or difficulties. 

Teachability of DL & AI: 
Modelling experiments 
like Abalone for upper 
secondary level and 
advanced courses, un-
plugged games are 
technically independ-
ent 

 

The Abalone exercise could be integrated into the subjects of bi-

ology and chemistry within the context of ecological topics at the 

lower secondary level. 

Ideas how DL & AI 
could be taught: Aba-
lone for embedding in 
ecological themes   

 

For the teachability in the field of DL, the dependence on time was 

emphasized 

Teachability of DL: De-
pendent on the availa-
ble time in class    
 

 

Topics like AI are more exciting for students than mathematics. In 

relation to the lesson, the students should be able to evaluate out-

put: "I always question whether the students' subject competence needs to 

be even higher. I can input any prompts into ChatGPT, but I must be able to 

assess whether the result is usable at all. I think that students need to be 

sensitised. They must ask quite specific questions and they need expertise to 

evaluate the answer" (Group D - 26.01.24 until 28.01.24, Meißen). Fur-

thermore, it should be made clear to students what AI can achieve 

for a specific case or exercise and where its limitations lie. 

Teachability of AI: Stu-
dents are more inter-
ested in AI than in 
mathematics, lack of 
required knowledge 
among students; make 
clear what AI can't do, 
where the limits are    
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When teaching AI, the aspect of fun could also be emphasized, 

and perhaps, "[…] AI can be just funny for once. You train it and fundamen-

tally learn what AI actually does. You do this exercise with the monkeys 

[Good Monkey-Bad Monkey exercise] beforehand, deconstructing sen-

tences, and then finish with GenAI. You just have a bit of fun. You can choose 

what to train it with, and then it's tested against each other. I could imagine 

something like that immediately" (Group D - 26.01.24 until 28.01.24, 

Meißen). Furthermore, for future teaching, it is important to convey 

differences between AI and non-AI-based applications/tools, such 

as between Chat GPT and querying in search engines like Google.  

Ideas how AI could be 
taught: Fun exercises 
with AI, comparing 
tools / applications 
that use AI and don't  

 

With AI, experiment protocols could also be created. The experi-

mental generation of fake news (as text, as an image, or in combina-

tion) can help to reflect on the functioning of AI. On the other hand, 

it might be "[...] a bit more fun to deconstruct AI-generated texts, to see if 

it fits or if it might need optimisation. […] I always feel that the correction is 

a bit nicer pedagogically when it concerns something artificially generated, 

rather than from works of other people you know" (Group B - 26.01.24 un-

til 28.01.24, Meißen). 

 
 
Ideas how AI could be 
taught: Writing experi-
ment protocols / pro-
cedures, producing 
fake news as trial, de-
construct texts with AI 
instead of creating 
texts    
 

 

The workshop has generated awareness that it is also important 

to convey and understand what AI cannot do yet. 

Definition of AI 

 

Even if the students (or the teacher) do not yet know something, 

the students are trusted to be able to work out the knowledge them-

selves. 

Teachability (unspeci-
fied): Students can 
gain knowledge by 
themselves   

 

There shouldn't be too many fears among teachers that they can't 

teach something about these new topics: "Essentially, you have to send 

the students on a research journey themselves. If we forget what the next 

Send students on "re-
search trip" 
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step was, they'll [students] figure it out somehow. You don't necessarily 

have to be an instructor standing up front and saying, '[Do it] like this and 

this and this'" (Group D - 26.01.24 until 28.01.24, Meißen). 

 

For the subject of biology, AI is considered relevant, "[...] because 

we also conduct experiments there. I mean, even science works with AI to-

day. Why not start with it in school already and be progressive and do some-

thing that is already further in science. You can then introduce them to it 

earlier as well" (Group A - 26.01.24 until 28.01.24, Meißen). 

 

Relevance of AI: Biol-
ogy - AI has relevance 
 

For the subject of humanities, on the other hand, there isn't nec-

essarily seen a need to use AI for teaching at the lower secondary 

level. 

Relevance of AI: Hu-
manities - No need to 
use AI  

 

In the subject of German or German as foreign language, strong 

adaptations can be made to meet the needs of the students, and 

many interactive exercises can be conducted – although the inter-

viewee does not specify exactly what these exercises consist of. 

Linkage between sub-
ject to Unspecified: 
(Foreign) Languages: 
yes - Text-based work 
which can be individu-
alised to students 

 

In English, there is the topic of media society: "There, one can defi-

nitely connect. They [students] constantly use social media platforms with-

out really knowing or understanding the algorithms behind them, at least in 

the basic principles. This is important both for skills, that is, knowledge 

about AI and how these algorithms work" (Group A - 26.01.24 until 

28.01.24, Meißen). 

Linkage between sub-
ject to AI & Unspeci-
fied: Foreign Lan-
guages: yes - Social 
media platforms 
 

 

In general, for non-CS-subjects, it is said that when it comes to 

certain solutions such as in the topics of design, fashion, and engi-

neering, where text areas or technical drawings are involved, AI could 

be used. 

Linkage between sub-
ject to AI: Non-CS-sub-
jects: yes - For things 
with clear solution 
paths 
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On the other hand, it could be difficult for an AI if solution paths 

are very branched out. 

Linkage between sub-
ject to AI: Non-CS-sub-
jects: no - For 
branched solutions, AI 
is unsuitable  

 

There is the opinion that integrating topics of DL and AI in the 

subject of music is difficult: "I have received a few ideas, but I still need 

to familiarise myself more with the specific programs available or engage 

more with them. I need to see what is possible. What is the added value for 

the students? Not that I enter something, a product comes out, and that's 

it" (Group D - 26.01.24 until 28.01.24, Meißen). Therefore, while the 

applicability is seen in the subject of CS, it remains unclear for the 

subject of music. 

 

Linkage between sub-
ject to DL & AI: Music: 
no - unclear where or 
if it can be applied   

On the one hand, it would also be possible to address, among 

other things, "[...] that AI is used to generate music independently of hu-

mans, to then analyse it, and potentially establish connections to existing 

compositions written by humans, as well as addressing copyright issues. 

There are many possibilities" (Group B - 26.01.24 until 28.01.24, Meißen). 

Linkage between sub-
ject to AI: Music: yes - 
generate music    
 

 

On the other hand, in the subject of music, the connection to AI 

can be established by discussing how songs are suggested.  

 
 
Linkage between sub-
ject to Unspecified: 
Music: yes - How songs 
are suggested 

 

For creating images using LLMs, no potential application is seen 

in the subject of art, as the results or the creation of images using 

prompts would lead to unpredictable outcomes. 

Linkage between sub-
ject to AI: Art: no - Cre-
ating images with LLM 
can lead to unpredict-
able or unachievable 
results    

  

In biology, there are linkages from DL and AI to behaviour predic-

tions, genetics, and modelling experiments such as the Abalone ex-

ercise. 

Linkage between sub-
ject to DL & AI: STEAM 
(Biology): yes - for be-
haviour predictions, 
genetics, modelling ex-
periments 
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In mathematics, on the one hand, a connection to application in 

linear regression was identified. On the other hand, it's about opti-

mizing and modelling, although it was not further elaborated on 

what this exactly entails. 

Linkage between sub-
ject to DL & AI: STEAM 
– Mathematics: yes - 
Usable for subjects 
connected to regres-
sion, optimising and 
modelling  

The same interview mentioned that in Physics, optimising and 

modelling play also a central role. 

 

 

In chemistry, the interviewee could imagine fewer applications for 

collecting data than in biology. 

Linkage between sub-
ject to DL: STEAM – 
Chemistry: Application 
areas for working with 
data harder to find 
than in biology 

 

 

Summary  
 

In the discussions on the teachability of DL and AI across CS, STEAM, and primary 

education, several themes emerged. Teachers consistently recognized the importance 

of integrating DL and AI into teaching. Challenges highlighted included bridging the 

gap between theoretical concepts and their practical applications in the classroom. 

The feedback suggested starting with simple, unplugged exercises to introduce basic 

principles, and gradually moving to more complex models. For younger students in 

STEAM and primary settings, the approach recommended was more playful and in-

teractive, adapting the complexity of content to be age-appropriate. Teachers in 

STEAM and primary emphasized the need for application linkages of DL and AI to their 

subjects.  

3.3 Integration experience before and after the training 

CS in all rounds, length 90 minutes – 7 hours: 

 Participants from all three countries noted a gap between the training received 

and its practical application in the classroom. Teachers felt better prepared after the 

training but recognized that effectively incorporating DL and AI into their teaching 

would require further engagement with the material. A single 7-hour session was 
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deemed insufficient for teachers, particularly those who had not previously taught 

these subjects. There was a strong call for more concrete course plans and materials, 

specifically tailored to different grade levels, to facilitate integration into teaching. 

 

STEAM 2-3 rounds, length 1.5-4 hours: 

 AI topics have been integrated into classroom settings with mixed results. Positive 

experiences were reported in an English class using ChatGPT, which sparked student 

interest. Conversely, another instance involved using chatbots, but it did not lead to 

significant subject-wise learning or analysis by the students. AI has been used to 

demonstrate mathematical models in various educational settings, including gymna-

siums, where limitations were noted in deepening the exploration of the subject. Bar-

riers to the broader integration of AI include legal and safety concerns, particularly 

for younger students in primary schools, and the complex nature of AI, which some 

find daunting. Despite these challenges, there is an expressed interest in future inte-

gration of these technologies. Effective implementation of DL and AI in teaching is 

seen as feasible but requires significantly more support, materials, and detailed guid-

ance. The current training only provided basic knowledge, underscoring the need for 

ongoing learning opportunities to enable teachers to effectively convey these com-

plex topics in the classroom. 

 

Primary 3rd round, length 3-4 hours: 

Post-training, the participants recognised a significant gap in their ability to apply 

what they learned effectively in their teaching, pointing to a shortage of in-depth 

factual and didactic knowledge and a lack of external expertise. While the training 

provided a foundational understanding, it was insufficient for immediate application 

in the classroom without additional support and resources. Some participants felt 

ready to immediately integrate specific concepts like decision trees, whereas others 

anticipated gradually introducing more interactive elements such as card games in 

future lessons. 

 

CS Germany 1st round, length 2.5 days: 
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Participant A has already designed citizen participation projects, 

although it was not clear to what extent students (in the subject of 

geography) were involved. Real pictures were taken, then positioned 

on a map via GPS data, and the attractiveness of the locations was 

evaluated based on various data. 

Participant A: 
Integration: DL, subject 
unclear, frequency – 
more than once: Envi-
ronmental and spatial 
visualisation  
 

In CS class, chatbots were programmed using Scratch. The inter-

viewee attempted to establish connections to real contexts, such as 

chatbots for support found on sales platforms like Amazon, or for 

registration on other platforms, or for computer games. However, it 

remains unclear whether an AI was designed in the way it was ap-

plied in class; the chatbot was a "[...] very basic approach, but it's quite 

nice that the students have the opportunity to essentially specify what ex-

actly should it [chatbot] say in response to this or that question or state-

ment, and to open up these different options" (Participant A - 25.11.22 un-

til 27.11.22, Heidelberg). 

 

Integration: AI, subject 
CS, frequency – more 
than once: Program-
ming a chatbot with 
Scratch 

Teachable Machines were also implemented in CS: "[...] the idea we 

then implemented was actually to train an AI application that recognises 

when people wear their Corona [COVID-19] face mask incorrectly. [...]. At 

the time, it was indeed a societal problem: people wearing masks below 

their noses or under their chins, etc. [...]. So, you can then train it [Teachable 

Machine] to recognise how the mask should properly fit over the nose and 

mouth. And then you can also demonstrate what happens when it hangs 

below the nose, under the chin, or when it's not worn at all" (Participant A 

- 25.11.22 until 27.11.22, Heidelberg). This task also raised ethical ques-

tions. 

Integration: AI, subject 
CS, frequency – un-
clear: Teachable Ma-
chine, ethics 

The Teachable Machine with the masks worked surprisingly well, 

even without needing to bring much knowledge about the algo-

rithm's functioning. 

Experiences: Teachable 
Machine worked very 
well    
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The next participant worked with data in the eighth grade, for in-

stance, data was processed in a table, graphs of temperature trends 

were created, or box plots of rainfall data were discussed. 

Participant B:  
Integration: DL, subject 
unclear, frequency – 
unclear: Working with 
data 

Additionally, in the subject of mathematics, the topic of linear 

classifiers is regularly integrated. 

 

Integration: Unspeci-
fied, subject mathe-
matics, frequency – 
more than once: Linear 
classifier   

The participant (as CS teacher) collaborates with a biology teacher 

to cover the topic of neural networks in an elective course slot. For 

instance, a perceptron algorithm has already been addressed in this 

context. 

Integration: AI, subject 
CS + biology, frequency 
– unclear: Neural net-
works    

The lessons on neural networks have been successful so far. Experiences: Neural 
networks successful so 
far  

 

 

Participant C carried out projects at the upper secondary level, 

some of which involved elements of machine learning, such as a 

work on a balcony solar power plant, where codes were partially im-

plemented by the students. 

 

Participant C: 
Integration: AI, subject 
CS, frequency – un-
clear: Balcony solar 
power plant which 
have elements of AI   

Also, in the CS subject, Donkey Cars were implemented: "There is a 

large community online, and students should replicate it as a project, so to 

speak. My goal was actually for students to understand less about what ex-

actly happens in the background, but rather to implement projects that in-

volve AI, and above all, for students to grasp this entire process, including 

data collection. [...] The network needs to be trained, it is played back, and 

then the vehicle can perform more or less well" (Participant C - 25.11.22 

until 27.11.22, Heidelberg). 

Integration: DL & AI, 
subject CS, frequency – 
more than once: Don-
key Car Pilot  
 

The project works well, and successes could be quickly achieved 

in the past. The students also receive immediate feedback on 

Experiences: Donkey 
Car Pilot: Successful, 
students can quickly 
achieve successes  
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whether something works or not, and they conduct data cleaning 

during the project. 

 

In Participant D's class, a Matchbox AI ("Streichholzschachtel-KI") 

was covered. Additionally, AI in general was a topic, but "[...] only on 

an ethical level [...]. What is AI actually, and what is dangerous and what is 

good, and what are the opportunities, what are the risks?" (Participant D 

- 25.11.22 until 27.11.22, Heidelberg). 

 

Participant D: 
Integration: AI, subject 
unclear, frequency – 
once: Matchbox AI, eth-
ics 
 

The students found the ethical aspect very interesting and engag-

ing, and they were able to contribute a lot to the discussion in class. 

Experiences: Students 
were interested in the 
ethics component 
 

On the other hand, it was not possible to delve deeply enough 

into the (technical) topic matter: "But it's no use without having a bit of 

depth and knowing technically what's going on. And when I assigned a 

presentation on neural networks, for example, it was always very, very su-

perficial. So, I wouldn't even call that AI content. They looked at it and 

thought, what is this?" (Participant D - 25.11.22 until 27.11.22, Heidel-

berg). In that sense, the treatment of the topic or the topic itself was 

difficult. 

Experiences: But the 
content was not deep 
enough for students 
 

 

Participant E had already integrated content as well. There were 

multiple attempts made to teach classes on neural networks. 

Participant E:  
Integration: AI, subject 
unclear, frequency – 
more than once: Neu-
ral network 

 

But the teacher was somewhat uncertain whether the treatment 

of this topic in the class could be conducted or continued in that 

manner. 

 
 
Experiences: Neutral: 
Teacher partially un-
settled 
 

 

Some of the participants would immediately feel capable of inte-

grating content into their teaching after the training, for example: 

Ability to integrate af-
ter training: Instantly 
capable: AI – Instantly, 
exhibits from the ‘I am 
AI’ exhibition   
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"Well, personally, I already feel capable of implementing a certain introduc-

tion to AI in the classroom ad hoc, also based on the examples from the 

training. There were a few things there that you could definitely do with the 

students on an hourly basis in class, so you already have something" (Par-

ticipant C - 25.11.22 until 27.11.22, Heidelberg). Specifically, reference 

was also made to content from the exhibition "I am AI" that will be 

instantly integrated into the teaching by one of the interviewees. 

 

An immediate integration of content on DL or AI from the training 

in the classroom would require: "Well, I'm not the type of person who 

says okay, now I'm going to immediately use Jupyter Notebooks in my teach-

ing or work on geography with Orange3 with my students because that nat-

urally requires an incredible amount of preparatory work and preparation 

time, which I may not even have" (Participant A - 25.11.22 until 27.11.22, 

Heidelberg). 

Ability to integrate af-
ter training: DL & AI: 
Prerequisites: Contin-
ued engagement and 
preparation necessary    
 

 

CS Germany 3rd round, length 2.5 days: 

Regarding DL integration in the CS subject, participants report on 

the treatment of data competences in a ninth-grade class, where, for 

example, the data from a newspaper website were analysed (such as 

determining which company is behind it). Another participant em-

phasized in the ninth grade "[...] concerning data, it is important to sen-

sitise students to what data are requested by apps they install on their mo-

bile phones, what data are collected by websites, and that it is not insignifi-

cant for them what kind of data are collected" (Group A - 24.11.23 until 

26.11.23, Zeitz).  

 

Integration: DL, subject 
CS, frequency – un-
clear: Data compe-
tences 

Databases are included in the curriculum for the ninth grade for 

natural sciences (as a part of STEAM subjects); however, further de-

tails on how the teaching was conducted are not provided. 

Integration: DL, subject 
STEAM (natural sci-
ences), frequency – 
unclear: Databases 
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Also, for subjects not specifically mentioned, databases are a 

topic in grades nine to ten. Here, there were mentions of data anal-

ysis that was also conducted, for example, so that students are able 

to form an opinion.  

Integration: DL, subject 
unclear, frequency – 
unclear: Databases, 
working with data  
 

 

A participant once integrated AI into the CS subject, specifically 

addressing neural networks in a basic course. 

 

Integration: AI, subject 
CS, frequency – once: 
Neural network 
 

The same participant also discussed the ELIZA chat program as 

well as the Turing test with the students. 

Integration: Unspeci-
fied, subject CS, fre-
quency – once: Chat 
programs (ELIZA) in Tu-
ring test 

  

A teacher from Group A tried out individual modules with students 

in preparation for AI teacher trainings. Further details were not pro-

vided. The modules could be easily implemented, and they worked 

out fine. 

 

Group A: 
Integration: AI, subject 
unclear, frequency – 
more than once: Test-
ing out modules with 
students for prepara-
tion regarding AI 
teacher trainings;    
Experiences: Positive: 
Content worked out 
fine    

 

One teacher from Group B covers databases, including the work 

with Excel, which is regularly part of the participant's CS classes. Stu-

dents generally handle this aspect well, and they can apply the 

knowledge gained. However, the acquisition of relevant datasets is 

always problematic. 

Teacher 1 from group 
B: 
Integration: DL, subject 
CS, frequency – more 
than once: Databases; 
Experiences: Students 
– well understood and 
applied; Negative: Data 
often not relevant 
enough for students    

 

In a class with a higher grade level, another teacher from Group B 

provided students with an insight into AI: "The students were very in-

terested. However, I actually cannot draw on a really large wealth of expe-

rience. It will actually only become apparent with the implementation 

Teacher 2 from group 
B: 
Integration: AI, subject 
unclear, frequency – 
once: Small insight 
into AI; Experiences: 
Students - Positive: 
Were interested 
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[meaning: how good it works] of the new framework curriculum in the 11th 

and then later in the 13th grade" (Group B - 24.11.23 until 26.11.23, Zeitz). 

 

In Group D, several participants shared experiences regarding the 

integration of DL and AI. The first participant introduces the topic of 

AI within the framework of mathematics lessons, specifically in the 

context of statistics; however, "the students find it difficult, as with any 

other mathematical subject" (Group D - 24.11.23 until 26.11.23, Zeitz). 

 

Teacher 1 from group 
D: 
Integration: AI, subject 
mathematics, fre-
quency – more than 
once: AI in statistics;    
Experiences: Students 
- Negative: Some stu-
dents found it difficult    
 

Another participant mentioned neural networks in the class. The 

experiences shared were described as positive. Further details were 

not provided. 

 

Teacher 2 from group 
D: 
Integration: AI, subject 
CS, frequency – un-
clear: Neural network;  
Experiences: Positive 

In a double lesson of CS, the students played the game Good Mon-

key - Bad Monkey, with the following experiences: "In the lesson, I felt 

that the students didn't completely understand how it relates to AI. I should 

have taken more time for that, not just a double lesson" (Group D - 24.11.23 

until 26.11.23, Zeitz). The topic of AI had to be incorporated separately 

because it is not included in the curriculum. 

Teacher 3 from group 
D: 
Integration: AI, subject 
CS, frequency – once: 
Good monkey - Bad 
monkey; Experiences: 
Negative: too little 
time; Students: did not 
fully understand it  

 

Other participants expressed that they had not integrated the top-

ics of DL and AI. One teacher mentioned not having taught these 

subjects yet in mathematics and physics. 

No Integration – DL & 
AI: General statement 

 

DL has not yet been integrated, as there have been a lack of da-

tasets and ideas for its integration into classroom teaching. 

No Integration – DL: 
Missing data(sets) / 
examples / ideas  
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AI has not yet been integrated, among other reasons, because the 

new framework curriculum in one federal state plans to do so only 

for the upcoming school year. 

No Integration – AI:  
General statement, 
Missing data(sets) / 
examples / ideas 

 

As prerequisites for the integration of the topics, it is stated that 

further engagement with the subjects is necessary to understand 

them theoretically, and additional knowledge would be required. 

Likewise, materials such as textbooks would be needed. For integra-

tion, content from current lessons would also need to be included: 

"In principle, I already feel capable of adjusting my teaching accordingly [to 

integrate the topics of DL and AI]. I wouldn't have any major difficulties with 

that. My concern lies more in the fact that if I add something additional, I 

have to remove something else. For this, I need a thread of continuity for my 

teaching. I have to unravel it first and remove something from somewhere 

before adding something new. In the context of databases, it can be in-

serted, but depending on how long this section of the lesson becomes, I have 

to remove or shorten something else, which also has a certain relevance. 

That's where I see the difficulty" (Group C - 24.11.23 until 26.11.23, Zeitz). 

Ability to integrate af-
ter training: DL & AI: 
Prerequisites: Contin-
ued engagement 

 

Integration of DL would be possible after appropriate engagement 

with the topics. 

 
 
Ability to integrate af-
ter training: DL: Pre-
requisites: Continued 
engagement / prepa-
ration / time neces-
sary 

 

A prerequisite for integrating AI is to gain practical experience 

with AI in order to be able to respond to students' questions about 

it. More knowledge would also be needed: "I see AI as a process for 

myself. Over the last one or two years, I have increasingly understood AI and 

have gained a certain level of confidence. However, at the moment, I still 

don't feel really confident enough to teach in the 11th and 12th grades" 

Ability to integrate af-
ter training: AI: Prereq-
uisites: Gaining experi-
ence in teaching AI & 
getting more 
knowledge, students 
need to have 
knowledge about data-
bases first 
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(Group B - 24.11.23 until 26.11.23, Zeitz). Before you introduce AI into 

the classroom, students should have knowledge of databases. 

 

For unspecified topics, it was stated that one needs more back-

ground knowledge than what is documented in the training materi-

als. Furthermore, more engagement, preparation, and work would be 

necessary in order to integrate topics 

 

Ability to integrate af-
ter training (unspeci-
fied): Prerequisites: 
Continued engagement 
and preparation 

Regarding when integration is unclear, it would be possible in an-

other case, but this depends on whether teachers have materials 

available for classroom use. In one federal state, content such as DL 

and AI is anchored in the framework curriculum and will be inte-

grated by one of the interviewees into the upper secondary level at 

a later date. In another case, it is currently not possible because cer-

tain prerequisites are not met (other content would need to be re-

moved, see prerequisites). 

 

Ability to integrate af-
ter training: Unclear if 
instantly or not – DL & 
AI: Possible, e.g., when 
enough materials or 
when content available 
 

Another participant mentioned having the courage to attempt in-

tegration, but it's unclear if or when integration could occur. Simi-

larly, the complexity of the topic is addressed – it's seen as a chal-

lenge to integrate it into teaching. 

Ability to integrate af-
ter training: Unclear if 
instantly or not – DL & 
AI: Encouraged to try 
integration, but chal-
lenging because of 
complexity   

 

Regarding a not immediate integration of DL, a teacher expressed 

that some exercises from the training could possibly be done next 

year with an eighth-grade class. 

Ability to integrate af-
ter training: Not or not 
instantly capable – DL: 
Planned at a later time 
point    
 

 

A participant may potentially introduce a project on the lifecycle 

of data. Another project was mentioned by another person: "I still feel 

confident in integrating Data Literacy. I may have received some additional 

insights into certain ideas and projects. For example, I'm currently planning 

Ability to integrate af-
ter training: Unclear if 
instantly or not – DL: 
Project regarding data 
life cycle, training led 
to new ideas, Orange3 
could be integrated 
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a project and have received some additional input from other colleagues on 

how to implement it and what other ideas there are. This has helped me 

because exchanging ideas within the school due to the small subject depart-

ment is often not so easy" (Group B - 24.11.23 until 26.11.23, Zeitz). Else-

where, it is mentioned that one is now familiar with working with the 

tool Orange3 and can use it in an eleventh-grade mathematics class. 

 

Teaching AI was deemed difficult by another teacher because of a 

lack of practical experience. Additionally, a lack of knowledge also 

led to uncertainties regarding teaching AI in the eleventh or twelfth 

grade. 

Ability to integrate af-
ter training: Not or not 
instantly capable – AI: 
Not enough experience 
in teaching or confi-
dent enough to teach, 
only basic / insuffi-
cient knowledge 
through training 

But there are also cases where integration of AI is planned for a 

later time, for example, next year or the year after. It was also men-

tioned, integration would be possible when students would have 

knowledge of databases.  

Ability to integrate af-
ter training: Not or not 
instantly capable – AI: 
Planned at a later time 
point    
 

 

Some participants' statements are unclear about when or if they 

plan integration for AI. For instance, they mention the possibility of 

constructing a complex related to the topic of AI in the subject of CS, 

or they provide no specific timelines: "I would rate my knowledge of AI 

as rather mediocre, more as a user. Now I have learned how I can use that 

as a teacher. We have done concrete tasks, some of which are also suitable 

for my students. I can work on those with them" (Group C - 24.11.23 until 

26.11.23, Zeitz). 

Ability to integrate af-
ter training: Unclear if 
instantly or not – AI: 
Possible 
 

 

Regarding, unspecified topics, a participant said he felt "[…] pre-

pared to start teaching for the first time now. Whatever ultimately comes 

out of it, one must then see afterwards and compare it with practice and 

then possibly change one's teaching" (Group B - 24.11.23 to 26.11.23, Zeitz). 

Ability to integrate af-
ter training: Unclear if 
instantly or not – Un-
specified: Well pre-
pared, teaching may 
need to be adjusted 
based on initial experi-
ences 
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Furthermore, it was stated that in the future, the establishment of 

an elective course is planned. Additionally, for integration into a 

course, the training was a good first step, even it was not yet suffi-

cient. Further work and preparation would be necessary. 

 

Ability to integrate af-
ter training: Not or not 
instantly capable – Un-
specified: Creation / 
establishment of an 
(elective) course; train-
ing as good entry 
point, but only basic 
knowledge through 
training 

 

Regarding future integration, it was mentioned that it was not yet 

certain whether the material from the training / lesson plans could 

really be implemented one to one. Some teachers felt well-prepared 

for integration without stating if or when they actually plan to inte-

grate the topics; however, it was also acknowledged: "I believe that 

confidence only comes when you actually teach it the second or third time. 

Then you actually see the strengths and weaknesses of your own teaching 

or your own thoughts. That can then be improved" (Group B - 24.11.23 until 

26.11.23, Zeitz). 

Ability to integrate af-
ter training: Unclear if 
instantly or not – Un-
specified: Materials 
may not be imple-
mented exactly 1:1, 
other teachers felt 
well-prepared 

 

STEAM Germany 3rd round, length 2.5 days: 

In the subject of humanities, AI was used to develop and compare 

pro and contrapositions. 

 

Integration: AI, subject 
humanities, frequency 
– more than once: 
Weighing and illustrat-
ing pro and contrapo-
sitions    

 

Furthermore, AI was used by another teacher to create tasks or 

coordinate systems for specific assignments. However, the state-

ment does not clarify whether it was solely for lesson planning or if 

students also worked with it in class. In another case, fake news cre-

ation was tested (as images, text, or a combination of both) to reflect 

on how it works and also to compare; although it was not specified 

what the comparison was made against. 

Integration: AI, subject 
unclear, frequency – 
once: Task creation, 
produce fake news as 
trial 
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There was a general statement regarding the integration of topics, 

but it was not specified in any way. 

Integration: Unspeci-
fied, subject unclear, 
frequency – unclear: 
General statement   

 

Using AI, there was the creation of "[…] an experimental field to pro-

duce learning videos, with one group allowed to use support [of AI] and the 

other group without". However, the exact process of this was left open 

in the focus group interview. The experiment was described as "am-

ateurish" (Group A - 26.01.24 until 28.01.24, Meißen), as the teacher 

realized that he lacked competences. After the training, he would 

now feel more confident in this content. 

Group A: 
Integration: AI, subject 
unclear, frequency – 
once: Create a learning 
video with AI as trial; 
Experiences: Negative: 
Lack of competences 
led to feeling of un-
sureness  

 

In group B, a teacher worked with Fiete7, an AI-based feedback 

tool. Although it was emphasized that there were different experi-

ences, only positive aspects were mentioned in the interview. In this 

context, it was stressed that the students were able to independently 

articulate what they liked or disliked about the feedback or the tool. 

Teacher 1 from group 
B: 
Integration: AI, subject 
unclear, frequency – 
unclear: Fiete; 
Experiences: Students 
- Positive: Contributed 
independently    
 

 

Another teacher from interview group B had texts generated in the 

classroom using ChatGPT and in the subject of German, "[...] in the 

style of a particular author. I compared this with a genuine text by the au-

thor, and the students were supposed to work out linguistic features in 

which the texts differ. The task afterwards was to formulate a prompt in 

such a way that a better text would be generated by ChatGPT, closer to the 

original" (Group B - 26.01.24 until 28.01.24, Meißen). However, it turned 

out that it was hardly possible to achieve (reasonable) results re-

garding this latter task. The teacher then was uncertain about why 

this hadn't worked out. 

Teacher 2 from group 
B: 
Integration: AI, subject 
language (German), 
frequency – once: 
ChatGPT; 
Experiences: Negative: 
Hardly came to results 
 

 

 
7 See https://www.fiete.ai (no English version available) 

https://www.fiete.ai/


Teacher training for Data Literacy & Computer Science competencies 

 

 

71 

 

From Group C, a teacher stated having experiences with integra-

tion. While it was not explicitly stated what was addressed with the 

students, "previous experience has shown that the children are just as baf-

fled and amazed by what is possible. I feel that this amazement surpasses 

the impulse to engage and understand what is actually happening" (Group 

- 26.01.24 until 28.01.24, Meißen). 

 

Group C: 
Integration: Unspeci-
fied, subject unclear, 
frequency – unclear: 
General statement; 
Experiences: Students 
- Neutral: More aston-
ishment than under-
standing 

On the other hand, some teachers expressed that they have not 

yet integrated topics from DL and/or AI. 

No Integration – DL & 
AI: General statement 

 

Before integration of DL or AI would be feasible, one would need 

to review the provided material from the training once again. Also, it 

would be necessary to delve deeper into the topics. 

Ability to integrate af-
ter training: DL & AI: 
Prerequisites: Contin-
ued engagement nec-
essary    

 

Regarding the integration of DL or AI, some interview partners do 

not feel ready or confident enough to use them in the classroom. 

Ability to integrate af-
ter training: Not or not 
instantly capable – DL 
& AI: Doesn't feel con-
fident / secure enough 
to teach 

 

Before integration of AI would be feasible, it would need to be 

ensured that one can achieve reasonable and reproducible results 

with tools like ChatGPT, for example, in the case of image generation. 

Ability to integrate af-
ter training: AI: Prereq-
uisites: You have to 
come to results in or-
der to teach, e.g., 
ChatGPT 

 

Hence, with reference to the example just mentioned, there are 

reservations regarding the integration of AI into the classroom.  

Ability to integrate af-
ter training: Not or not 
instantly capable – AI: 
General statement 
 

 

Some teachers affirm the question of integrating DL and AI after 

training and feel confident or more confident about it than before 

the training. However, it is unclear whether integration would be 

possible immediately or later. One teacher is eager for integration 

Ability to integrate af-
ter training: Unclear if 
instantly or not – DL & 
AI: Participants feel en-
couraged to try    
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but assumes that they can only ascertain their own confidence re-

garding further training topics once the planning phase actually be-

gins. 

 

Some teachers affirm the question of integrating DL and AI after 

training and feel confident or more confident about it than before 

the training. However, it is unclear whether integration would be 

possible immediately or later. One teacher is eager for integration 

but assumes that they can only ascertain their own confidence re-

garding further training topics once the planning phase actually be-

gins. 

Ability to integrate af-
ter training: Unclear if 
instantly or not – DL & 
AI: Grimm´s New Fairy 
Tales, Abalone  
 

 

The deconstruction of texts, which was already addressed in the 

chapter on Teachability and difficulties of teaching DL and AI (Insert 

chapter number), meaning not generating texts with an AI, but rather 

scrutinizing AI-generated texts based on certain criteria, is some-

thing one interviewee would like to apply in future classes. 

Ability to integrate af-
ter training: Unclear if 
instantly or not – AI: 
Deconstruct texts with 
AI instead of creating 
texts  

 

One participant definitely wants to create teaching materials in a 

language subject (German). However, it is not clear what content this 

refers to or what specifically from the training should be utilized, or 

whether it should be implemented immediately or not. Another 

teacher confirmed having gained ideas from the training, some of 

which are likely to be partially implemented. 

Ability to integrate af-
ter training: Unclear if 
instantly or not (Un-
specified): Create own 
material; some of the 
training content prob-
ably will be used in 
class   

 

Summary: 

In computer science (CS) and STEAM fields, efforts to integrate DL and AI into teach-

ing have revealed a notable gap between training content and classroom application. 

Educators across various countries have expressed that while training sessions in-

crease their comfort with DL and AI concepts, transitioning this knowledge into effec-

tive classroom teaching demands more profound engagement with the material and 
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more robust support. The consensus highlights that a single training session, even 

extending up to seven hours, is inadequate for equipping teachers to effectively teach 

these advanced topics, especially for those who are new to teaching DL and AI. There's 

a vocal demand for more detailed course plans and tailored materials that cater spe-

cifically to different educational levels to facilitate smoother integration into school 

curricula and classroom teaching. 

 

STEAM teachers approach DL and AI integration by incorporating these topics 

across various disciplines, including biology and math models. The training material 

provided foundational knowledge, but teachers indicated that more detailed and 

supportive resources are necessary for a more effective and nuanced application in 

diverse classroom settings. Primary educators face challenges in acquiring in-depth 

factual and didactic knowledge necessary for teaching complex topics like AI and DL.  

 

In the longer training sessions of 2.5 days, particularly highlighted in the CS Ger-

many data, there are several notable aspects that impact post-training integration of 

DL and AI into classroom settings:  

• Practical application and project-based learning: The extended duration al-

lows for comprehensive coverage of practical applications within real-world 

projects. 

• Depth of coverage: longer training sessions offer the opportunity to delve 

deeper into complex topics. This depth ensures that participants leave with 

a more nuanced understanding of the subjects, which is crucial for effec-

tively teaching advanced concepts. 

• Feedback and iteration: Extended training provides greater opportunities for 

feedback from trainers and peer interaction, which is vital for refining un-

derstanding and teaching strategies. 
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Despite the additional time, there were still challenges noted in fully grasping the 

technical aspects, such as the complexity of algorithms or the integration of sophis-

ticated AI models like neural networks. Participants expressed a need for ongoing 

engagement with the material and additional support to effectively integrate these 

technologies into teaching. 

3.4 Steps to bring DL and AI into the classroom 

CS in all rounds, length 90 minutes – 7 hours: 

      In all the countries, teachers stress urgency to integrate DL and AI into the CS 

framework curriculum. Some teachers in all the countries argue to integrate DL and 

AI into other non-CS subjects as well. Teachers from Germany and Austria, suggested 

that CS should become a mandatory subject in secondary education. In Lithuania, 

some suggested starting teaching CS already at the primary level. Educators in all 

three countries, mentioned the challenges of adjusting current framework curricula 

to accommodate DL and AI, as the current framework curricula are already over-

loaded; hence there is a need to reprioritise existing content. The consensus is that 

the inclusion of DL and AI in framework curricula won't instantly equip teachers to 

teach these subjects proficiently, thereby highlighting the need for teacher training. 

Potential challenges in incorporating DL and AI into classrooms, particularly related 

to the framework curriculum, include concerns about overloading it and the risk of 

not anchoring these topics in it at all. Teachers face obstacles such as a lack of read-

iness, insufficient knowledge, outdated teaching materials, and pedagogical chal-

lenges, with potential deterrent effects due to the complexity of the topics. Resistance 

to tools like ChatGPT and the need for improved infrastructure add further complex-

ities, like insufficient materials, highlighting the importance of addressing such chal-

lenges for effective integration. 

 

STEAM 2-3 rounds, length 1.5-4 hours: 

There was support for the careful testing of new content before its inclusion in the 

framework curriculum, acknowledging legal and technical constraints. The integration 
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of DL and AI into the framework curriculum is approved due to their impact on eve-

ryday life (of students) and professional life of teachers and also reflecting techno-

logical developments in society. The integration of DL and AI into the curriculum is 

considered with attention to how this integration is managed, considering the existing 

presence of related topics in media literacy. The interviewees emphasized the neces-

sity of including DL and AI topics in teacher education. The importance of early edu-

cation in these topics is recognized to equip teachers with essential knowledge for 

effective teaching and application.  

 

Regarding steps for integrating DL and AI topics into classroom teaching, integra-

tion into teacher education and the framework curriculum was considered crucial, 

with a need for careful consideration of when and how to incorporate these topics. 

The use of interactive websites/tools, devices, and computer programs for practical 

and interactive engagement were noted. For this to be feasible, adequate infrastruc-

ture needs to be provided. Moreover, it was recommended to offer teachers more 

time, ready-to-use teaching concepts, to ensure effective integration. 

 

The potential challenges associated with integrating DL and AI into classrooms en-

compass a lack of infrastructure or the existence of technical issues. Teachers face 

challenges of high workload and time constraints. The absence of prepared teaching 

concepts, materials and projects, as well as the need for reprioritisation in the (al-

ready saturated) framework curriculum, also pose challenges. Concerns about the 

slow integration of topics were emphasized. 

 

Primary 3rd round, length 3-4 hours: 

There is a general agreement on the inclusion of DL and AI topics in the framework 

curriculum due to their growing importance. Integration is deemed beneficial as mod-

ern technologies, including AI, are integral to everyday life and students therefore 

must learn about these topics. There were also some concerns about integrating 

these topics at the primary school level, suggesting the need for specially trained 
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teachers or experts to help with that. The prerequisites for integrating DL and AI is 

that teachers also have the knowledge to effectively convey these topics.  

The integration of DL and AI into teacher education is supported due to the lack of 

foundational knowledge in primary schools. It would also eliminate the need for sub-

sequent knowledge compensation, ensuring that educators are well-equipped from 

the start to teach students. 

 

The steps for integration into teaching included advocating for a separate CS sub-

ject. Additional measures could involve providing sufficient materials and allowing 

ample time for teachers. Adopting a gamification approach and using clear examples 

from daily life to enhance students' understanding of AI in class was deemed bene-

ficial. A gradual integration process is suggested for a smooth and continuous teach-

ing experience. 

 

There was uncertainty about how AI will impact every day and school life. Further 

potential challenges could include lack of time and preparation of teachers with 

knowledge to teach the topics, insufficient digital devices / infrastructure, and po-

tential financial constraints for acquiring those and other necessary resources. 

 

CS Germany 1st round, length 2.5 days: 

The prerequisite is that the topics can be taught effectively, and 

therefore, the teachers must possess sufficient knowledge. 

Framework curriculum 
integration: Prerequi-
sites – Knowledge of 
teachers 

 

The participants advocated for the integration of the topics DL and 

AI into the framework curriculum. Students should acquire basic 

knowledge about "[…] Data Literacy, learning how to deal with data. [...] 

This should actually be done everywhere. It's not even necessarily about 

computer science, this is m more like general education" (Participant E - 

25.11.22 until 27.11.22, Heidelberg). Also, students should possess 

knowledge in AI. 

Framework curriculum 
integration: Pro argu-
ments – General 
agreement, students 
have to know about DL 
& AI 
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Another participant was unsure whether AI necessarily needs to 

be anchored in the curriculum. Additionally, aspects of AI are already 

included in some framework curricula/subjects. 

Framework curriculum 
integration: Neutral – 
Uncertain if students 
have to know about AI, 
DL & AI already inte-
grated in framework 
curriculum    

 

However, there was also the opinion that framework curriculum 

integration for AI is not so important: "[…] I don't really hold much stock 

in all this curriculum stuff. [...] If you're going to teach it, you have to teach 

it at a reasonable level, I think. And that includes both the teachers and the 

students. And forcing it through with a club and then trying to convey a few 

slogans about AI, that doesn't help anyone" (Participant E - 25.11.22 until 

27.11.22, Heidelberg). DL fits less into the subject of CS. 

Framework curriculum 
integration: Not (so) 
important – Frame-
work curriculum inte-
gration of AI not im-
portant, what matters 
is execution; DL 
doesn't quite fit in 
subject CS 
 

 

AI should generally be included in the framework curriculum, even 

in various subjects, but it is also a question of how it would be im-

plemented there. Moreover, curriculum integration also depends on 

the number of hours allocated. 

Framework curriculum 
integration: Pro or 
against depending on 
conditions of frame-
work – it is dependent 
on how AI is imple-
mented, e. g., number 
of teaching hours 

 

AI should be included in the framework curriculum. DL and AI are 

connected topics (for DL people should know what AI is). 

Framework curriculum 
integration: Topics to 
integrate – AI; DL and 
AI as connected topics    

 

DL should be taught in other subjects besides CS, for example: 

"[...] dealing with data itself and this socio-political aspect, that actually be-

longs, doesn't have to be in computer science, it can be somewhere else. So, 

I just think there's an incredible amount of stuff that needs to go into com-

puter science in every form, and there are incredibly few hours available. 

And if you could give any of that to someone else, then that would be it" 

(Participant D - 25.11.22 until 27.11.22, Heidelberg). But there is also 

the opinion that working with data can, but does not have to be part 

of CS. It should be taught in all subjects. 

Framework curriculum 
integration: Details: DL 
- Ethical, societal as-
pects in subjects other 
than CS, DL could be 
part of CS, DL should 
be implemented 
across different sub-
jects      
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For AI, it was suggested that it would primarily belong to the CS 

subject and in the upper secondary level, and partially integrated 

into other subjects. Another opinion is that since CS is not a com-

pulsory subject and the topic of AI is important for all students, it 

should also be definitely included in other subjects. 

Framework curriculum 
integration: Details: AI 
– primarily for CS, 
other subjects second-
ary; integration in up-
per secondary level, 
and various subjects 
 

 

As a prerequisite for the integration of topics such as DL and AI 

into teacher education, the importance was emphasized, "[…] to at 

least become aware of the role algorithms play in our lives, the role data 

plays in our lives, where it is collected, and what can be done with it" (Par-

ticipant A - 25.11.22 until 27.11.22, Heidelberg). These are things that 

are best taught interdisciplinary; for example, in this context, working 

with location-based data in the subject of geography could play a 

role. 

Teacher education: 
Prerequisites - Identi-
fying interdisciplinary 
applications of data    

 

Generally, there is agreement on integrating DL and AI into 

teacher education. It is crucial for addressing future essential com-

petences/themes in the 21st century and must accordingly be con-

veyed to teachers, such as: "So both data literacy, meaning data compe-

tences for teachers, but also the ability to foster data competences in stu-

dents, should definitely be incorporated into teacher education, and long 

overdue. Yes, because we've actually been in a data-driven, and digitized 

world for years. So, it's actually absurd that we're only now starting to think 

about it or that colleagues of mine suddenly say they want to know more 

about it" (Participant A - 25.11.22 until 27.11.22, Heidelberg). No more 

time should be wasted in this regard. 

Teacher education: Pro 
arguments - General 
agreement, important 
in order to promote 
future skills and com-
petences; integrate as 
fast as possible 

 

Themes related to DL are considered too difficult: "So, surveys are 

something difficult, I think, and they are done way too much. And you would 

have to teach people [teacher education students] properly beforehand how 

Teacher education: 
Contra arguments: DL / 
topics of DL, like sur-
veys, too demanding 
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to conduct reasonable surveys. And we have also noticed that it's not that 

easy. I don't know what they evaluate in the end, then" (Participant E - 

25.11.22 until 27.11.22, Heidelberg). 

 

When it comes to the integration of topics, data competency skills 

should be incorporated into teacher education to be able to foster 

them later on with students as well. 

Teacher education: 
Topics: DL should be 
integrated 
 

 

Topics such as DL and AI should be situated not only within CS but 

also within other subjects: "Naturally, it [CS] forms the basis for under-

standing what information actually is, what data are, how data are col-

lected, how they are processed, including the practical work with data. But 

then we quickly enter a realm where I say, actually, topics like AI, when you 

look at where AI applications exist in various areas of life, and also data 

competences are essentially problems that can only be addressed interdis-

ciplinary" (Participant A - November 25-27, 2022, Heidelberg). The em-

phasis on subjects varies for another participant; for non-CS-teach-

ers, DL and AI may not play as significant a role as for computer sci-

entists, but at the very least, non-CS teachers should have a rough 

idea of what AI is. 

Teacher education: 
Subjects: CS and non-
CS-subjects; for the 
latter, not so im-
portant like for CS 
 

 

As part of the integration of topics into the school curriculum, one 

of the prerequisites is to make the importance of these topics clear 

to the teachers. It is also necessary that teachers are motivated, as 

well as them having the necessary fundamental understanding and 

capacity to grasp these topics. The topics of DL and AI should be 

integrated not only in CS but also in many other subjects. 

School curriculum: 
Prerequisites: Teachers 
need to understand  
significance of the top-
ics, and they need to 
have knowledge and 
high motivation; topics 
should be integrated 
interdisciplinary 
 

 

The school curriculum should be adapted: "And not just when new 

framework curriculum plans or educational plans come, but I would also 

School curriculum: Pro 
arguments: General 
agreement    



Teacher training for Data Literacy & Computer Science competencies 

 

 

80 

 

mention the KMK [Kultusministerkonferenz – Conference of Ministers of Ed-

ucation] competences, which are already mandatory. [...]. It's not just about 

computer science at this point, but it's about all subjects contributing their 

share to implementing these competences. And I do see the task of each 

individual school critically, to actually review their own internal curricula 

and see what we can sensibly incorporate from them and where we see op-

portunities to incorporate things like data competency or AI applications 

from our subject perspective [CS] and/or interdisciplinary exchange in other 

subjects" (Participant A - 25.11.22 until 27.11.22, Heidelberg). 

 

The framework curriculum is vague and therefore allows for vari-

ous interpretations, which is not optimal for solidifying its contents 

into the school curriculum. 

School curriculum: 
Contra arguments: 
Framework curriculum 
on which school cur-
riculum is based is 
vague    

 

Regarding the specific steps for integrating for DL and AI topics 

into school teaching, one should try to identify application areas in 

non-CS subjects where it makes sense to collect and analyse data 

and address it accordingly (for example, it would not be enough to 

simply interpret a data table). On the other hand, it was also men-

tioned in the interviews that not every student needs to understand 

everything in detail, but it should be specifically outlined which com-

petences within the DL/AI field may be relevant for each subject. 

Steps for anchoring in 
the classroom: Frame-
work curriculum – 
Search within subjects 
where data compe-
tence is needed; stu-
dents don't need to 
know in-depth details 
about DL/or AI, 
knowledge dissemina-
tion about DL/AI has 
to be aligned with sub-
ject 

 

DL and AI should be implemented in teacher education, as other-

wise, teachers (both current and prospective) would face difficulties 

teaching these topics in the school curriculum. 

Steps for anchoring in 
the classroom: Teacher 
education – General 
agreement  
 

 

The competences for teachers should be clearly defined and 

monitored: "A bit like what the KMK strategy envisions, where there are 

very specific competences that our students must acquire by the end of their 

Steps for anchoring in 
the classroom: Train-
ings – defining compe-
tences, what teachers 
need to have, central 
authorities for training, 
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school careers. But we actually need that for teachers as well. [...]. There 

needs to be an authority that also monitors and enforces this obligation, I 

believe. [...]. However, I also know that there are federal states [in Germany] 

where it doesn't matter how much trainings you do. And that is something 

that is structurally or strategically a real problem. So, there should actually 

be attention paid to this from a political perspective. As a teacher, you're 

never fully trained" (Participant A - 25.11.22 until 27.11.22, Heidelberg). 

There needs to be broader and meaningful training opportunities, 

not just for DL and AI, but for the entire spectrum of digital compe-

tences. 

create training oppor-
tunities 
 

 

Changes should originate from teachers in a sort of bottom-up 

process, for which one would have to create a kind of "aha" moment 

or shock moment for them, for example, by dealing with chatbots via 

OpenAI (ChatGPT). 

Steps for anchoring in 
the classroom: Other: 
Changes via bottom-
up-process   

The students should learn basic competences at the lower sec-

ondary level (e.g., interpreting simple Python codes or spreadsheets). 

Additionally, they should also acquire basic mathematical compe-

tences. 

Steps for anchoring in 
the classroom: Other – 
Students have to gain 
computational and 
foundational mathe-
matical knowledge 
 

 

To convey these new topics, teachers need to have the necessary 

knowledge, for example, through the creation of training opportuni-

ties as mentioned above. In addition to subject knowledge, teachers 

should also be empowered to convey this knowledge to students in 

a way that is didactically meaningful. Furthermore, educators should 

bring soft skills such as a willingness for lifelong learning or prob-

lem-solving competences. 

Steps for anchoring in 
the classroom: Other –
Teachers have to gain 
knowledge and must 
be able to teach the 
subjects and develop 
soft skills 

There should be sufficient material available for use in the class-

room. Additionally, materials could be centralised and made easily 

accessible for all teachers. Access to materials on the internet was 

Steps for anchoring in 
the classroom: Other – 
Sufficient material for 
teaching, centralise 
materials, provide in-
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also preferred, which would have advantages: "[...] I don't need a text-

book. [...]. There would have to be a concept that is maintained perma-

nently. Some things need to be thrown out, right? That's the case with com-

puter science" (Participant E - 25.11.22 until 27.11.22, Heidelberg). Fur-

thermore, to be able to teach topics like DL and AI, schools must also 

have sufficient technological infrastructure. 

frastructure and web-
sites that are regularly 
updated 
 

 

When it comes to discussing potential challenges, it would gener-

ally be difficult to make people understand what AI is, how it works, 

and where the areas of risk lie. Additionally, there is a lack of proper 

data preparation for working with it in schools: "That is the difficulty of 

working with data. It would actually fit into many subjects. I could use AI to 

analyse texts in German just as well. I could model pandemic data in math-

ematics. Similarly, I could use geographical data or economic data in geog-

raphy and economics, etc. and so forth. [...]. There are websites, for exam-

ple, 'World in Data' is a large site that collects data on all sorts of topics and 

somewhat prepares it, but unfortunately not yet in a form that can be used 

directly in schools [...]. The various government agencies, the federal gov-

ernment, the states, they have masses of data. Most of the time, it's not 

even classified, but actually freely available. There are corresponding data 

portals where they are available under a Creative Commons licence, yet that 

last step of taking them and using them in schools is still missing" (Partici-

pant B - 25.11.22 until 27.11.22, Heidelberg). Furthermore, institutions 

could be hindering the integration of these topics, but no further 

details were provided. 

Potential challenges: 
Other - Difficult to 
convey the relevance 
of AI because it is a 
black box, central da-
tabase for data for 
classroom usage miss-
ing, institutions could 
be obstructive 

 

If the content taught in teacher education is not sufficiently broad, 

it is difficult for prospective teachers to conceptualize and teach rel-

evant content for their classes. 

Potential challenges:  
Teacher education – 
Knowledge is not 
broad, so teachers 
aren't well-prepared    
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Furthermore, the potential obstacles for teachers are related to 

the acceptance and motivation to teach topics such as DL and AI and 

their value. If teachers do not possess the necessary knowledge or 

pedagogical skills to convey these topics, obstacles may arise for 

them. The implementation of plugged approaches like programming 

can deter some teachers. 

Potential challenges:  
Teachers – Acceptance 
of DL/AI by teachers, 
lack of motivation, 
knowledge or peda-
gogical implementabil-
ity 

Another obstacle is the lack of time or high workload, which can 

result in teachers not being able to manage new (additional) topics 

that may arise alongside the mandatory curriculum. 

Potential challenges:  
Teachers – High Work-
load and little time, 
other priorities 

 

One hurdle is that students do not bring the necessary knowledge: 

"So, yes, I experience it again and again, for example, in the ninth grade 

when students from different classes come. Some already have a bit of 

knowledge. Some have never heard of it before. You often have to start from 

scratch and can't say: 'So, now we have a dataset, with, I don't know, 5000 

rows and 20 columns, and we'll just throw that into the spreadsheet and do 

some nice correlation analyses' or something like that, but you actually have 

to start again with these tools. And yes, that's a prerequisite" (Participant 

B - November 25-27, 2022, Heidelberg). 

 

Potential challenges: 
Students – don't have 
computational 
knowledge, heteroge-
neous student body 
regarding knowledge 
 

One obstacle is that those responsible for incorporating CS con-

tent into the framework curriculum may not be computer scientists 

themselves. If the framework curriculum dictates that topics like AI 

should be taught – and if teachers possess the requisite knowledge 

(as mentioned above) – then no major issues are anticipated. How-

ever, one hindrance may be that in computer science-related sub-

jects, the number of hours allocated may be too limited or insuffi-

cient for topics such as AI. 

Potential challenges: 
Framework curriculum 
– Decision-makers for 
CS are not subject-
matter experts, too 
fewer hours for AI in 
subjects like CS 
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A major issue is generally seen in processes of change within 

schools, which also applies to the introduction of new topics such as 

DL and AI: "First of all, there is no time allocated for that. [...]. It's not just 

about having a half-day conference with colleagues, these are long-term 

school and curriculum development processes that need to be initiated. In 

that sense, what we really need are retreats, where we have several days 

with colleagues, where we can also try out certain things in teaching, and 

then come together again to discuss experiences. [...] these are processes 

that need to be long-term in nature, where feedback is needed in between, 

where things actually need to be adjusted, discarded, where the school can 

gain its own experience" (Participant A - 25.11.22 until 27.11.22, Heidel-

berg). 

Potential challenges: 
Time - Lack thereof for 
initiating integration 
 

 

There is a lack of material for the new topics, although there has 

been a lot of progress in the last two years. Another problem identi-

fied regarding resources and materials is that in too few subjects, 

devices like computers are actually used, and usage is rather limited 

to subjects that are related to CS. 

 

 

Potential challenges: 
Resources and materi-
als – Lacking materials, 
devices like computers 
are used in too few 
subjects       
 

CS Germany 3rd round, length 2.5 days: 

It is noted that framework curriculum integration is linked to the 

knowledge of teachers. Using the example of mathematics teachers, 

it is described that they do not utilize spreadsheet calculation in Ex-

cel – even though included in the framework curriculum – because 

they lack the necessary knowledge for it. As long as CS is not a man-

datory subject and/or more hours are not dedicated to it, the inte-

gration of DL and AI topics into the framework curriculum makes lit-

tle sense. 

Framework curriculum 
integration: Prerequi-
sites – Knowledge of 
teachers, CS as man-
datory subject or/and 
with more classroom 
hours 
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The integration into the framework curriculum is considered 

meaningful and necessary, among other reasons, "[…] because the 

train has already gone so far in these aspects that we cannot keep pace oth-

erwise" (Group C - 24.11.23 until 26.11.23, Zeitz). Therefore, the frame-

work curriculum must be brought up to date. 

 

Framework curriculum 
integration: Pro argu-
ments – General 
agreement, current 
framework curriculum 
needs to be updated  

The integration of topics like AI into the framework curricula is 

important because such topics have a connection to students' eve-

ryday lives, as they already have contact with them, and it also per-

tains to everyone's daily life in general. For example: "It is a funda-

mental everyday skill to be aware that data is collected but never deleted, 

that it exists, and this begins with children from birth" (Group A - 24.11.23 

until 26.11.23, Zeitz). The framework curriculum therefore should re-

flect this reality. 

Framework curriculum 
integration: Pro argu-
ments – Students are 
already in contact with 
DL and AI, and these 
topics shape everyday 
life, framework curric-
ulum reflects techno-
logical age   
 

 

According to one interview, the integration of DL and AI into the 

framework curriculum would be unavoidable, but it is not clear how 

the person feels about it. In another case, DL is said to be already 

integrated into the framework curriculum and is the second most 

important topic. Nevertheless, one should consider reorienting the 

topic because currently the compatibility with AI is not fully given. In 

mathematics, data collection is already heavily emphasized. For the 

participant, it is unclear whether one should already start working 

with software in this area at an earlier stage. 

Framework curriculum 
integration: Neutral – 
Integration of topics 
into framework curric-
ulum is inevitable; alt-
hough DL already inte-
grated in framework 
curricula, there could 
be modifications 

 

As for integration into the framework curriculum, the question 

would be about which existing topics would be omitted when adding 

topics connected to DL or AI, for example: "We also need to reconsider 

in which areas we might need to streamline the curricula in general so that 

Framework curriculum 
integration: Pro or 
against depending on 
conditions of frame-
work - There has to be 
content reprioritised, 
curriculum is already 
overloaded 
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we have the capacity for these additions. We cannot keep piling more ma-

terial onto our students, as is happening to some extent currently, for in-

stance with the mandatory subject of computer science. We also have to 

consider the capacity of our students as a resource. How much more can 

they handle if we keep increasing the workload and tightening the curricu-

lum?" (Group B - 24.11.23 until 26.11.23, Zeitz). 

 

Regarding the integration of topics such as AI, as exemplified by 

ChatGPT (Large Language Model), and data literacy, they would be 

crucial for all students and their everyday lives. Data literacy should 

be a global concern and not solely taught within the subject of CS. 

Framework curriculum 
integration: Topics to 
integrate – Large Lan-
guage Models like 
ChatGPT, DL/data com-
petences 
 

 
When the participants delved into details regarding the integra-

tion of DL and/or AI, it was emphasized that these topics should be 

addressed not only in CS but also in other subjects. Additionally, 

there should be an adequate number of classroom hours available, 

for example in CS. 

Framework curriculum 
integration: Details: DL 
or/and AI should be 
implemented across 
different subjects and 
with a sufficient num-
ber of class hours. 

 

In regard to the integration of DL and AI into teacher education, 

only pro-arguments were presented during the group interview, and 

general approval was expressed. Teachers would need to acquire 

pertinent knowledge before they can effectively impart it to their 

students. Additionally, if DL and AI are incorporated into the frame-

work curriculum, these should also be included in teacher education. 

Teacher education: Pro 
arguments - General 
agreement; teachers 
must gain knowledge 
because in order to 
teach students, teach-
ers must have 
knowledge; when in 
curriculum, it should 
also be in teacher edu-
cation 
 

 

DL and AI should not only be integrated into CS in teacher educa-

tion, but also in other subjects. By repeatedly testing practical exer-

cises such as Abalone, teachers could gain experience: "In doing so, 

Teacher education: Pro 
arguments - AI or/and 
DL for all teachers, not 
only CS teachers, prac-
tical trial runs  
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one encounters various problems, solves them somehow, and thereby ac-

quires proficiency in using the tools" (Group C - 24.11.23 until 26.11.23, 

Zeitz). 

 

The school management should emphasize that DL or/and AI is 

incorporated as a cross-cutting theme in the curricula. 

School curriculum: DL 
or/and AI as interdisci-
plinary topics across 
subjects    

 

Thus, when considering specific steps for the anchoring of DL and 

AI in the classroom, integration into the school curriculum was also 

deemed necessary. 

Steps for anchoring in 
the classroom: School 
curriculum – Topics 
have to be in it 
 

 

Additionally, the anchoring of DL and AI into the framework cur-

riculum was also considered necessary. DL and AI could be intro-

duced as compulsory or partially compulsory components. They 

should also be accompanied by sufficient classroom hours dedi-

cated to the subject. 

 

Steps for anchoring in 
the classroom: Frame-
work curriculum – 
General agreement, 
anchoring of DL & AI 
as compulsory compo-
nents, sufficient class-
room hours needed  
 

If CS were to become a mandatory subject, as advocated in the 

interviews, "[…] then the framework curricula would also shift in general, 

and [DL] could be more firmly established" (Group B - 24.11.23 until 

26.11.23, Zeitz). However, there is also the opinion that CS does not 

necessarily need to be established as a compulsory subject, but 

should be represented across all grade levels. Additionally, it would 

be desirable that "[…] this application of AI or the evaluation of data or 

the interpretation of results, from the data training set and test run, etc., 

should also be incorporated into other subjects. This is ultimately part of our 

lives, and I believe that other subjects such as German, religion, or others 

can and should address the topic" (Group B - 24.11.23 until 26.11.23, Zeitz). 

Steps for anchoring in 
the classroom: Frame-
work curriculum – CS 
should be mandatory; 
CS doesn't need to be 
mandatory but needs 
to be in all grade lev-
els; interdisciplinary 
anchoring of DL & AI 
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As another step towards establishing DL and AI in school educa-

tion, the provision of substantial training (including for all teachers) 

was named. 

Steps for anchoring in 
the classroom: Create 
training opportunities 

 

For the integration process, motivated teachers and persons who 

are responsible for this process, would be needed. 

Steps for anchoring in 
the classroom: Other – 
Teachers and decision 
makers:have to be mo-
tivated  

There should be sufficient materials (such as textbooks) available 

to teach DL and AI. Materials should also be centrally accessible or 

bundled and provided with free access, respectively there should be 

more Open Educational Resources. 

 

Steps for anchoring in 
the classroom: Other –
Sufficient materials for 
teaching, centralise 
materials, more Open 
Educational Resources  
 

Also important are the user-friendliness of programs, learning 

tools and the topics taught. Several requirements are mentioned for 

software, with the first referring to browser-based software that  

Interviewee 1: "[…] does not need to be installed. I have a website, 

ideally free, so that schools and students at home can use it with-

out needing to install anything.  

 

Interviewee 2: And they can use it on different devices. If they have 

a tablet, they can use it browser-based." (Group A - 24.11.23 until 

26.11.23, Zeitz) 

On the other hand, software should also be provided, bun-

dled/packaged, and installed on PCs in the classroom. 

Steps for anchoring in 
the classroom: Other – 
Resources and materi-
als: User-friendly, offer 
browser-based soft-
ware and software that 
is installed on PCs    

 

For one, the acceptance by the teaching staff could pose prob-

lems. 

Potential challenges: 
Teachers – Acceptance 
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When the focus is on the students, the interviewees also see a risk 

in the motivation of the students. However, this could depend on the 

school level; for example, there may be fewer problems in this regard 

at a gymnasium than at an integrated secondary school (ISS). There-

fore, content must be presented in a truly interesting way. Further-

more, students may not have the necessary prior knowledge, such 

as mathematical backgrounds, or cannot fully grasp topics such as 

neural networks (AI). Following on from this, there is a risk of over-

whelming students. For example, in this context, the topic of linear 

regression was mentioned: here, one could resort to as simple ap-

plications as possible, for instance, using a two-dimensional space 

instead of a multidimensional one as in the training. Also, techni-

cally, through "[...] software changes and version changes, errors occur 

that quickly overwhelm the students. A lot of frustration arises. One has to 

invest a lot of time in correcting the errors. The development is so dynamic 

that it is difficult to implement it in teaching" (Group D - 24.11.23 until 

26.11.23, Zeitz). 

 

Potential challenges:  
Students – may lack 
motivation or 
knowledge for more 
complex topics, over-
whelming students 

It remains to be seen how students will accept and deal with the 

topic of AI: "One always has to try it first. Then one has to see how many 

students can cope with certain things. I find this often very difficult, espe-

cially in the subject of mathematics. There have been situations where I 

thought students would find it very difficult, and then they just breezed 

through it. In other situations, I thought I could do it quickly on the side, and 

the students had major problems with it. I see the same thing with AI. The 

shock of practical experience will definitely still be there to some extent" 

(Group B - 24.11.23 until 26.11.23, Zeitz). Furthermore, the range of 

available tools is very large - their relevance for classroom use/stu-

dents must be tested first. Another problem is finding the right da-

taset size for the students (dataset too small - not very meaningful; 

Potential challenges:  
Students – One must 
first observe how stu-
dents cope with new 
content like AI, there is 
an abundance of in-
struments/tools – but 
what is relevant for 
students, problems 
finding right data for 
students      
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too large - excessive complexity). The datasets would need to have 

a certain relevance, not only thematically, but also in terms of size, 

although they must not become too complex, which could be demo-

tivating for the students. 

 

Further potential obstacles could be rooted in the framework cur-

riculum. In this regard, the differences between the federal states in 

Germany due to educational federalism were also addressed (such 

as the starting point of CS in different grade levels). While databases 

are already part of the framework curriculum, it is unclear to what 

extent they are already linked to AI; thus, there is uncertainty about 

the connection of DL to AI, and a possible integration of these two 

topics via big data is missing in the framework curriculum. Moreover, 

for CS it is already very comprehensive, leaving little time for other 

topics. For topics like DL and AI, you need a lot of time to get into it. 

The number of hours in CS is too small to cover the breadth of topics 

in class. 

Potential challenges:  
Framework curriculum 
– General statement, 
federal differences, 
bridge from AI to DL is 
missing, framework 
curriculum full, CS too 
fewer hours 

 

In general, it takes time to theoretically work through and prepare 

these topics. 

 

Potential challenges: 
Time-related – It 
would take time to en-
gage with and prepare 
topics. 

Another obstacle can be that it takes time to install programs like 

Orange3 on all PCs. 

Potential challenges: 
Administrative – Instal-
lation of programs 

 

An infrastructure problem that generally affects the teaching pro-

cess in CS is that the computers are very slow or outdated. 

Potential challenges: 
Resources and materi-
als – Lack thereof 

 

Possible problems are suspected regarding data protection: 

"Which models and applications can I even use with the students? Which 

Potential challenges: 
Other – Data security 
may prevent usage of 
tools and finding the 
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ones am I allowed to use at all? That is partly not yet clarified at all" (Group 

B - 24.11.23 until 26.11.23, Zeitz). Furthermore, data protection leads 

to difficulties in finding suitable and relevant datasets for teaching. 

Tools like Orange3 are too complex, to just use it for individual tasks.  

right datasets for stu-
dents, complexity of 
the tools 
 

Additionally, it is challenging when the school is not oriented to-

wards CS but, for example, has a non-mathematical, natural science 

focus. 

Potential challenges: 
Other – CS no big rele-
vance in non-mathe-
matical scientific high 
school 

 

One participant stated that regarding DL, they do not see any ma-

jor challenges and that integrating this topic into the classroom 

teaching would therefore be easily manageable. 

Potential challenges: 
Not / hardly expected 
– For DL, no major 
challenges seen    

 

STEAM Germany 3rd round, length 2.5 days: 

It would be important to find, across the federal states, as unified 

an understanding as possible of the new topics, also through the 

supportive influence of research on the ministries of culture, and 

furthermore, to establish concrete content, like clear competency 

definitions: "Looking at these framework curricula, one can see that com-

petency expectations consist of very large word clouds that need to be trans-

lated into practice. If I imagine that this takes place in a field that is in flux, 

that, as we have seen here, is not concretely graspable, then I can already 

imagine how vague it is formulated for the 16 federal states" (Group A – 

26.01.24 until 28.01.24, Meißen). 

Framework curriculum 
integration: Prerequi-
sites – Standardisa-
tions across federal 
states, clear defini-
tions 

  

Among the interviewed participants, there is agreement on the 

necessity of integrating DL and AI content into the framework curric-

ulum; however, there are no statements regarding the reasons. 

Framework curriculum 
integration: Pro argu-
ments – General 
agreement 

As content to be integrated, the critical assessment of AI-gener-

ated content was mentioned. 

Framework curriculum 
integration: Topics to 
integrate - Risks of AI 
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The sciences field should thoroughly engage with the topics of DL 

and AI and develop detailed plans/concepts for series of lessons 

that can be tested in both training and practice. Prospective and al-

ready working teachers could then provide feedback on them. 

Teacher education: 
Prerequisites - Pre-En-
gagement with topics 
should be left to ex-
perts  
 

 

Integration into teacher education is also agreed upon. One rea-

son given for this is that teachers need to learn about the content 

themselves before they can convey it to the students. 

Teacher education: Pro 
arguments – General 
agreement; in order to 
teach students, teach-
ers must have 
knowledge 

 

Furthermore, while there is agreement for integrating DL and AI 

into teacher education, equal importance is also emphasized for 

training programs for already practising teachers. Additionally, in 

one interview, there was divided opinion on integration, as it shifts 

responsibilities towards the teachers: "[...] but if it's in teacher educa-

tion, it shifts the focus again. It's good to receive a basic education, but it 

shouldn't change in a way that expects us to be responsible for it. As an 

example, I point to the psychological and pedagogical diagnostics that have 

now been integrated in Berlin. There is simply a lot else that we [teachers] 

need to cover" (Group A - 26.01.24 until 28.01.24, Meißen). 

Teacher education: 
Neutral - Teacher edu-
cation and training are 
equally important; re-
sponsibilities should 
not remain with teach-
ers 
 

 

Other opinions do not see a significant importance in teacher ed-

ucation: "Rather the need to provide ongoing training for existing teachers. 

I have the impression that people coming from universities often handle it 

more openly or even bring ideas into schools themselves. Because it's al-

ready being used much more intuitively" (Group C - 26.01.24 until 28.01.24, 

Meißen). Additionally, too much time would be lost if to start with 

current teacher trainees, and therefore it would be better to focus 

on training for in-service teachers who have not yet mastered these 

topics or have not dealt with them before. 

Teacher education: 
Contra arguments – 
Trainings more im-
portant than teacher 
education 
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As an important step for anchoring DL and AI in classroom teach-

ing, it is determined that schools and school authorities convey en-

thusiasm. This could include their participation in information 

events or trainings on these topics. It is also necessary to engage 

with political decision-makers to stimulate political will regarding DL 

and AI and to contribute to their integration into framework curric-

ula. 

Steps for anchoring in 
the classroom: Schools 
and school authorities 
must inspire enthusi-
asm, political circles 
must be contacted  
 

 

When it comes to specific steps for integrating DL and AI, the in-

tegration into curriculum frameworks is mentioned again, this time 

as a compulsory component. 

Steps for anchoring in 
the classroom: Frame-
work curriculum – DL 
and AI as mandatory 
components 

 

It is advocated to offer (much) more training for in-service teach-

ers. 

Steps for anchoring in 
the classroom: Create 
training opportunities 

 

Among teachers, there should be an establishment of "a broader 

knowledge base. By that, I mean that more people need to be informed, 

especially about the pedagogical basics that must be in place to integrate 

them [DL and AI]" (Group B - 26.01.24 until 28.01.24, Meißen). Further-

more, existing concepts regarding assessment mechanisms (regard-

ing exams) for students should be reconsidered. A systemic and fi-

nancially feasible solution should be created, funded by the respec-

tive federal state, for how data protection-compliant work can be 

carried out in the classroom. Additional resource-related steps in-

clude providing technical infrastructure such as functioning Wi-Fi or 

end devices. 

 

Steps for anchoring in 
the classroom: Other – 
Teachers have to gain 
knowledge and stu-
dents' exams need to 
be thought upon; cre-
ating the possibility for 
data protection-com-
pliant work and provi-
sion of infrastructure  
 

In general, the entire establishment of DL and AI should be seen 

and acted upon as a holistic process: "Establishing it does not only in-

volve one or two selected colleagues from the school volunteering or being 

Steps for anchoring in 
the classroom: Other – 
Establishment of DL 
and AI as holistic pro-
cess, alleviate people's 
fears 
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intrinsically motivated to attend training sessions. Instead, it must be car-

ried by everyone. Establishment cannot mean that one person does it while 

ignoring the others completely" (Group C - 26.01.24 until 28.01.24, 

Meißen). This also includes promoting a positive and open approach 

to such new technologies, which views and treats this process and 

topics like DL and AI as opportunities rather than just a fear-inducing 

risk factors. 

 
Regarding potential challenges, a lack of knowledge among teach-

ers could be a factor: "I also wonder why teachers are expected to con-

stantly familiarise themselves with all these topics. We are not experts at all 

in this regard [DL and AI]. We cannot say at all what the societal significance 

even is. We can inquire about it, we can discuss it" (Group A - 26.01.24 until 

28.01.24, Meißen). The question was also raised regarding the extent 

to which teachers have an open mind towards these topics. Addi-

tionally, a shortage of collegial exchange between schools is already 

noted, and there is the question of how (potential) exchange be-

tween federal states could function. 

Potential challenges: 
Teachers – Lack of 
knowledge or peda-
gogical implementabil-
ity, acceptance by 
teachers, lack of colle-
gial exchange 
 

 

Concerning the students, the heterogeneity of the classes pre-

sents challenges. 

Potential challenges: 
Students - Heteroge-
neous student body 
regarding knowledge 

 

In relation to the framework curricula, the differences between 

the federal states due to educational federalism are problematic, as 

there are no uniform regulations such as common media literacy 

frameworks: "As a result, everyone reinvents the wheel in their own school, 

in their own lessons. In a field that is currently progressing very rapidly and 

bringing about so much change, it becomes even more difficult to stay up to 

date, find areas of application, and integrate it meaningfully into teaching" 

(Group A - 26.01.24 until 28.01.24, Meißen). 

Potential challenges: 
Framework curriculum 
– Federal differences 
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In general, it has been said that there may be bureaucratic, ad-

ministrative or data security related obstacles. It has also been 

noted that uncertainties may arise in the context of AI due to copy-

right regulations. When using the free ChatGPT, there may be tech-

nical hurdles, as students would need a separate login or the school 

would need an extra login. Other alternatives such as SchulKI8 would, 

in turn, need to be funded. 

Potential challenges: 
Administrative – Hur-
dles; in connection to 
using AI, copyright is-
sues could arise; 
ChatGPT can't be used 

 

An obstacle could be time. For example, integration of topics like 

DL and AI may not occur if teachers don't have the time available for 

further trainings. Too slow an integration is feared: "Systematic obsta-

cles from the school system or from above, where people are not yet think-

ing ahead and still want to teach according to the current curriculum, while 

they should actually be further ahead. The change will come. One could 

think ahead, but of course then one is behind again" (Group B - 26.01.24 

until 28.01.24, Meißen). The rapid pace of DL and AI topics will not 

make it easier to find suitable application areas and to integrate 

them meaningfully into teaching. 

Potential challenges: 
Time – lack thereof for 
initiating integration, 
too slow integration of 
topics, rapid pace of 
topics 
 

 

In terms of equipment at schools, it could happen that the infra-

structure does not work, for example, if the internet connection fails. 

Therefore, unplugged materials may also be preferred, as they are 

technically independent of such malfunctions. Self-developed ma-

terials cannot be shared: "For example, I prepare my upper level students 

in [subject], make it available to all teachers in [location], and they can mod-

ify or improve it as they wish. But that doesn't happen because it is not al-

lowed to provide it or because of a data security issue because you also use 

Potential challenges: 
Resources and materi-
als - Infrastructure not 
working, technical hur-
dles, materials cannot 
be shared 
 

 
8 See https://schulki.de (no English version available) 

https://schulki.de/


Teacher training for Data Literacy & Computer Science competencies 

 

 

96 

 

materials that are protected by data security law. […] that's already a bar-

rier" (Group A - 26.01.24 until 28.01.24, Meißen). 

 

The schools have to be self-reliant on themselves: "Everyone […] 

has to figure it out for themselves, or maybe with two or three others at 

their school, how to make it work and spread it widely. How do we convey 

this [DL and AI] to our students?" (Group A - 26.01.24 until 28.01.24, 

Meißen). 

Potential challenges: 
Other – Schools over 
self-reliant, systemic 
barriers in education 
system or higher au-
thorities, technical 
hurdles 
 

 

Summary: 

For CS teachers, the urgency of embedding DL and AI into the CS curriculum is 

universally acknowledged. There is a strong advocacy for making CS a mandatory 

subject in secondary education to ensure foundational knowledge is built early. Some 

educators also support introducing CS at the primary level. The challenges high-

lighted include an overloaded curriculum, the necessity for teacher training, and in-

frastructural deficits which hinder the effective integration of new technologies. 

 

STEAM educators recognize the interdisciplinary value of DL and AI, advocating for 

their integration across various subjects within the STEAM framework. The integration 

strategy involves testing new content meticulously before its formal inclusion to man-

age technical and legal challenges effectively. STEAM teachers also highlight the im-

portance of incorporating these topics early in teacher education programs to equip 

educators with the necessary skills for effective instruction. The challenges for STEAM 

teachers mirror those of CS educators, focusing on high workloads, insufficient teach-

ing materials, and the need for a more robust infrastructure. Additional challenges 

include the need for specific applications for specific STEAM subjects.  

 

For primary education, the consensus revolves around the importance of introduc-

ing DL and AI concepts at a foundational level. Educators stress the need for specially 

trained teachers to introduce such advanced topics to young learners. The integration 
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at this level is considered beneficial as it aligns with the technological ubiquity in 

students' lives. However, the challenge lies in adapting these complex subjects in a 

manner that is understandable for younger students without overwhelming them. 

Primary teachers also emphasize the necessity of integrating DL and AI into teacher 

education to prevent a knowledge gap and ensure that educators are well-prepared 

from the start. Large classes can be a particular problem for integration of DL and AI 

activities, as students usually need a higher support ratio of teachers. 

3.5 Follow-up interviews:  

The follow-up interviews conducted with computer science (CS) and STEAM educa-

tors and in primary education settings aimed to assess the integration of DL and AI 

content some time after the training sessions. Here is a summary of the findings 

across different countries and disciplines: 

 

CS: 

Germany: Mixed outcomes were reported. One teacher in Berlin seemed to have 

only implicitly integrated DL into database courses, while AI content was not inte-

grated due to the analogue nature of training exercises and the perception that stu-

dents prefer more hands-on computer work. Another participant noted a lack of time 

in the curriculum as a major barrier to integrating these topics. 

 

Lithuania: A teacher successfully integrated AI through gamification techniques in 

teaching fourth graders, demonstrating adaptability in applying training methodolo-

gies. 

 

Austria: A participant saw the training as a confirmation to resume previously 

taught content like machine learning using Orange3, and planned to expand on topics 

like reinforcement learning. Discussions on integrating AI into ethics through media 

ethics were also noted. 
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STEAM: 

Austria: In university settings, AI was successfully integrated into teacher training 

and educational practices. However, Orange3 was perceived as too complex and not 

further used outside the training context. 

 

Primary Education 

Lithuania: Technology projects involving AI apps for nature exploration showed 

successful integration of AI into the curriculum. 

 

Austria: The integration focused on imparting basic computer literacy and critical 

thinking about information sources. Challenges were noted in integrating more com-

plex topics due to language barriers among non-native speakers. 

 

In summary, the integration of DL and AI post-training shows varied results across 

different educational settings. While some educators have successfully adapted and 

applied the training content, others face challenges like curriculum constraints, the 

complexity of tools, and the need for more practical, hands-on applications to engage 

students effectively. 

4. Discussion of key findings across the trainings 

The data from both quantitative and qualitative analyses suggest that the DL and 

AI trainings were highly appreciated by the trained teachers across all the three target 

groups: CS, STEAM, and primary teachers.  

 

Data collected from pre-, post-, and follow-up surveys indicated several key out-

comes: 
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Competence in Teaching DL/AI: There was a notable increase in teachers' self-re-

ported competence in teaching DL and AI content following the training. This was 

particularly pronounced among Computer Science (CS) teachers for the AI topic. 

Understanding of DL/AI Concepts: Improvements were observed in teachers' under-

standing of DL and AI concepts post-training. Despite the complexity of some topics, 

such as regression and using tools like Orange3, the overall trend showed enhanced 

comprehension across all target groups. 

Attitudes and Motivation: The societal importance of DL and AI was recognised highly 

by all participant groups. The motivation to further learn about DL and AI remained 

high post-training, indicating a sustained interest in these fields. 

Integration of DL/AI Post-Training: The follow-up data, although limited by low re-

sponse rates, suggested a positive trend towards the integration of DL and AI into 

teaching practices (regardless of the previous experience teaching DL/AI), with a ma-

jority of follow-up respondents reporting integration of at least one learned topic 

into class. 

 

The evaluations also indicated a number of challenges: 

 

Training Effectiveness: Teachers appreciated the practical applications and the align-

ment of the training with their existing knowledge levels. However, they noted the 

need for deeper and more comprehensive training sessions to fully grasp complex 

DL and AI concepts. 

 

Barriers to Integration: While the training was generally well-received, some teachers 

expressed challenges in integrating the learned content into their teaching practices. 

The need for more tailored content, especially for STEAM and primary teachers, was 

evident, as they need more concrete applications for their subjects.  

 

Suggestions for Improvement: Participants suggested several improvements for fu-

ture training sessions, including extending the duration of the sessions and using 
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various formats and approaches, incorporating more hands-on exercises, and provid-

ing more detailed content directly applicable to various teaching settings. 

 

Both quantitative and qualitative findings suggest that the 2.5-day training ses-

sions allowed for a more thorough exploration of complex topics, significantly en-

hancing participant engagement and understanding through varied instructional 

strategies and practical exercises. While the extended duration facilitated more in-

depth learning and provided ample opportunity for reflection and feedback, chal-

lenges such as participant fatigue, logistical constraints, and the intense focus on 

certain content areas were noted. Feedback suggested the need for balanced sched-

uling to manage cognitive load, customisation of content to cater to varying expertise 

levels, and follow-up support to reinforce learning and application in teaching prac-

tices. Overall, these 2.5-day trainings underscored the benefits of longer training du-

rations while highlighting areas for refinement to maximize effectiveness and acces-

sibility. 

 

The high recognition of the societal importance of DL and AI and the motivation to 

learn more about these fields among teachers suggest a robust foundation for the 

broader integration of these topics into educational systems.  

5. Limitations 

Some inherent limitations of the evaluation should be considered: 

 

• Low registration numbers for primary/STEAM trainings: there registration num-

bers for Primary and STEAM trainings were comparatively low. The Lithuanian 

team reached out to schools for the primary trainings, which resulted in a rel-

atively high number of participants for the primary training.  
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• Self-selection of teachers: teachers who signed up for the training might differ 

from teachers who did want/could not participate. 

 

• Follow-up response rates and self-selection: contacting participants for a 6-

month follow-up to evaluate teaching DL/AI in class was challenging. The sam-

ple sizes for the follow-up-survey (with an exception of CS and Primary in Lith-

uania) were very low. We also cannot rule out that those who participated in 

the follow-ups survey and interviews were more likely to have a positive expe-

rience with the training.  

 

• Training format variation: While longer trainings (2.5 days) were added to look 

into the possibility of longer trainings, they were conducted only in Germany 

and only for CS and STEAM. Other real-world constraints mentioned in other 

deliverables and the reporting made it hard to organise the format of the train-

ings so that a systematic variation in the format, topic, location, and the target 

group could be controlled for. Hence, the evaluation design was changed to 

exploration, where each format and training was analysed more in depth.    

 

• Sample size: The small number of participants from each location affects the 

generalisability of the findings. Expanding the sample size in future studies 

would contribute to robust and generalisable outcomes. 

 

• Limited sample: various local contexts and school types within the countries 

were not sufficiently covered. 

 

• Validity and reliability of data collection instruments: due to time and re-

courses allocation, the quality of the survey and knowledge test instruments 

was not evaluated prior to their application, which can influence the reliability 

of the data collected.  
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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 acqui-

escence response styles (Rammstedt, Danner, and Bosnjak 2017).  

 

• Differentiation between subjects: Due to small sample sizes, it was not possible 

to make statements for certain subjects (apart from differentiating CS from 

STEAM and primary subjects), yet there might be relevant differences in how 

DL and AI can be integrated in various STEAM subjects  
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6. Conclusion and future questions 

The TrainDL project's three intervention rounds have effectively contributed to the 

strategic goal of developing policy recommendations for integrating DL and AI into 

teacher trainings. This final evaluation report synthesizes outcomes and challenges 

based on the implemented trainings for the three target groups: CS, STEAM, and pri-

mary in-service teachers, including the longer 2.5-day trainings.  

 

Key achievements: 

 

Broad reach: The project successfully reached out to all the three target groups (CS, 

STEAM, and primary teachers) as planned in the project proposal.  

 

High participant satisfaction: The overwhelming majority of trained teachers were 

satisfied with the training and provided overwhelmingly positive feedback.  

 

Effective training materials and exercises: The training exercises were particularly 

well-received, with most participants rating the introduced activities highly. This in-

dicates that most selected activities were deemed highly suitable and relevant for 

teaching. This positive response to the training exercises demonstrates their practical 

applicability and relevance for teaching for all the three target groups. 

 

Increased confidence in DL and AI application: Participants across all the target 

groups reported that the TrainDL training served as a valuable introduction to AI and 

DL. Despite a higher initial familiarity with AI over DL, the training effectively improved 

participants' confidence in applying both topics in their teaching practices, suggesting 

that the training sessions effectively addressed some of the foundational gaps in DL 

and AI knowledge. 

 

Recognition of educational and educational value of DL and AI across all the target 

groups: Despite varying initial familiarity levels with DL and AI, there was a notable 
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enthusiasm among participants in all the three target groups to learn further as well 

as deepen their knowledge, indicating a successful recognition of the importance of 

these technologies in education. Participants showed a particular interest in integrat-

ing AI into the curriculum as well as their teaching, although there was a noted un-

derappreciation of DL's foundational role in understanding AI.  

 

Recognition of value of (further) teacher trainings: Teachers emphasize the need to 

incorporate DL and AI into the CS framework curriculum, yet merely adding DL and AI 

to the curricula won't ensure that teachers are immediately adept at teaching them, 

also underscoring the need for teacher training. 

 

Key Challenges: 

 

Finding suitable format and length: Single trainings are not sufficient. The 2.5-day 

training provided more opportunities for further in-depth engagement with the ma-

terial, including project-based learning, feedback from the training and interaction 

with the peers. Yet, even participants of the 2.5-day trainings expressed a strong de-

mand for continuing their training. To address the challenge of teachers' limited time, 

future trainings could be designed as modular and (where possible) blended learning 

trainings and spread over multiple sessions. Development of specific course plans 

and materials tailored for different grade levels is essential. This step will help 

streamline the integration of DL and AI into teaching, reducing the preparation work-

load for teachers. 

 

Lacking technical infrastructure and resources: Technical infrastructure sufficient for 

DL and AI education is lacking in some schools. It is essential to provide stable and 

sufficient technical infrastructure as well as technical support.  

 

Challenges for integration into framework curriculum: Framework curriculum integra-

tion was supported, but is dependent on addressing other challenges such as  
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overloaded framework curricula, ensuring feasibility of new content and sufficient 

trainings of teachers. 

 

(only STEAM and Primary) No clear connection of DL and AI to the subjects: Teachers 

did not always see a clear connection of DL and AI to their subjects and have to 

prioritise their curriculum content, leaving no space and no incentives to integrate 

DL and AI subjects into their classes. Further teacher trainings need to focus on de-

veloping and teaching DL and AI applications and materials for concrete STEAM and 

primary subjects, taking into account appropriate (for the level of students) instruc-

tional strategies.  

 

Insufficient knowledge and understanding of the role of DL: The data revealed differ-

ences in the initial knowledge and attitudes towards DL compared to AI, with a gen-

eral tendency to undervalue DL. This suggests a need for more foundational trainings 

on DL as well as underlining linkage between DL and AI. The 2.5-day trainings for CS 

managed to convey the role of DL better than the shorter trainings.  

 

Future questions and approaches for evaluations:  

 

Longitudinal perspective: Longitudinal studies to track the long-term impact of DL/AI 

trainings on teaching DL/AI in schools and students’ skills perceptions of AI could 

provide in-depth insights into the question of integration of DL and AI into teaching.  

 

Multiple perspectives: Studies that cover not only perspective of and impact on teach-

ers, but also school administration and school students, could provide a more com-

plete picture.  

 

Beyond self-selection bias: It would be highly beneficial to design studies which cover 

not only those teachers who sign up for trainings voluntarily (they are likely to have 

higher motivation and prior knowledge), but to design studies with selection of ran-

dom samples or exploration of less motivated teachers. 



Teacher training for Data Literacy & Computer Science competencies 

 

 

106 

 

 

Investigating incentives and structural anchoring of teacher trainings given high 

workload: As it is very important to provide training formats suitable to the needs and 

constraints of the teachers, it could be very fruitful to explore the question of incen-

tives and best practices for institutionally integrating teacher trainings.  

 

Focus on pre-service: Due to the feedback of the stakeholders and limited capacities, 

the focus of TrainDL was on in-service teachers with only one evaluated pre-service 

training, which was evaluated only with a post-evaluation survey. Extending and fo-

cusing the sample on pre-service teachers can be very valuable to have a complete 

picture of teacher training.  

 

More applications for STEAM/Primary: There is a need for more evaluation on the 

topic of how DL and AI can be integrated into primary and STEAM subjects: best-

practices (chemistry, physics, primary subjects with the respective pedagogical ap-

proaches) and concrete application.  

 

Disclaimer: 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. 

7. Appendix  

Semi-structured interview guide for the focus group used in the weekend workshops 

in the third round. 

 

Interview Procedure 

Before the Interview (allocate approx. 10 mins) 

(1) Introduction: Brief explanation of the project and focus group: 

- Explain what the aim of the TrainDL project is. 
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- Explain what a focus group is: A focus group is a discussion round where a 

small group of people are asked about certain topics or questions. In our focus 

group, we would like to discuss your experiences with today’s training and your 

perspectives regarding DL and AI in education. We encourage everyone to ac-

tively participate and would like to emphasize that there are no right or wrong 

answers. 

(2) Data Privacy and Consent Form: 

- Note on audio recording: The interview will be recorded via audio, and all col-

lected data will be anonymized. 

- Consent Form: We are now distributing the consent forms. Please take 2-3 

minutes to read through the document and fill it out. Each person signs two 

copies - one for themselves and one for the TrainDL team. 

(3) Start of Recording: 

- Start: After all consent forms have been submitted, we will start the recording 

and officially open the discussion round. We thank you in advance for your 

participation and your contributions to the discussion. 

(4) During the Interview: 

- Time Management: Keep an eye on the time and gently steer the conversation 

back if it drifts or if one person dominates the discussion. 

- Flexibility: Be flexible with the guide, and if a rich discussion develops in one 

area, let it flow naturally while still keeping an eye on the time to ensure all 

topics are covered. 

- Encouragement: Encourage quieter participants to share their perspectives in 

order to capture a diversity of opinions and experiences. 

(5) After the Interview: 

- End: Note the time (hour) the interview ended on a form. 

- Notes: If necessary, make a few notes about the conversation on the interview 

sheet (under interview data – definitely on the sheets of the guide). 

(6) Interview Question: 

1. Experience and Reflection on the Training (15 minutes) 
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1.1 Could you please briefly tell us which subjects you teach and at which grade levels 

you work? We would like to learn more about it to better understand your specific 

context. 

1.2 How would you rate your prior knowledge in DL and AI before and after the train-

ing? 

1.3 Which specific aspects of the training did you find particularly useful and why? 

1.4 Which specific aspects of the training did you find problematic, and why? 

 

2. Integration into Teaching (25 minutes) 

2.1 How relevant do you find it to integrate DL and AI into your current teaching? 

Prompt: Can you identify specific areas or topics in your current teaching context 

where DL and AI could be particularly useful or relevant? 

2.2 Have you already integrated DL and AI topics into your teaching? If yes, please 

share your experiences, the positive and the problematic aspects. 

2.3 How confident do you feel in integrating DL and AI into your teaching after this 

training? 

2.4 What obstacles or challenges do you anticipate in integrating DL and AI into your 

teaching? 

2.5 What steps are necessary to establish DL and AI in education? Please consider 

both the direct design of teaching and overarching school and educational policy 

conditions. 

3. Institutional Integration and Changes (5 minutes) 

3.1 What do you think about establishing DL & AI in the curriculum frameworks? 

3.2 (optional) How do you feel about integrating DL & AI into university teacher train-

ing? Do you see a need here? 
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