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Relevance of data and AI competencies in primary schools 
Data-driven tools and applications of Artificial Intelligence (AI) are shaping our everyday lives 

and are therefore present in children’s daily lives: Almost 50% of 6 to 13 year olds use their mobile 
phones every day to browse the internet, share on social networks, and stream videos or music. One 
third use intelligent voice assistance systems (Feierabend et al., 2023). In Germany, a key goal of 
education policy is to support children in exploring, understanding and shaping the digital world through 
appropriate educational programs (KMK 2016; KMK 2021). In this context, it is important to promote 
an understanding of basic principles of data science and AI (Schmid et al., 2021). Children should know 
how AI systems function and that data build a crucial basis for the training of AI technologies. They 
should be aware that the data they reveal about themselves by interacting with search engines, intelligent 
voice assistants or large language models can be used to make inferences about the individual users. 
They should also be aware that data can be used to improve AI systems or, in the worst case, to 
manipulate users. Therefore, we argue that the conceptual basics of data literacy and AI should be 
integrated in primary school lessons.  

Previous research has shown that key concepts of data literacy can be didactically reduced and 
conveyed in a way that is suitable for primary school children. For example, Wolff et al. (2016) taught 
children aged 9 to 10 years how to analyse, interpret and reflect on data from smart electricity meters. 
A prerequisite for primary school children to acquire forerunner skills on their way from mere users to 
responsible questioners of data and AI is that teachers provide appropriate learning opportunities. 
Despite the recommendation of the German Informatics Society (2023), data and AI competencies are 
not yet a compulsory part of (university) teacher training. As a result, many teachers lack data and AI 
literacy (Lindner & Berges, 2023; Vo & Pancratz, 2023), which would be a prerequisite for 
methodological and didactic approaches to foster data and AI competencies among students. 

Professionalising primary school teachers to promote Data and AI literacy through a Massive 
Open Online Course (MOOC) 

Theoretical conception of the course 
Data literacy encompasses the areas of knowing and understanding data and data sources, 

collecting data, managing data, evaluating data, applying data, and critically reflecting on the handling 
of data (Ridsdale et al., 2015; Grillenberger & Romeike, 2018). Data skills are fundamental for the 
understanding of AI systems and their underlying databases (Schmid, 2025). They are therefore are an 
integral part of AI literacy. AI literacy refers to the ability to know and understand, use and reflect on 
AI concepts, technologies, applications, and their implications for individuals, society and the 
environment (Ng et al, 2021; Schmid, 2025). Relevant topics for AI education in primary schools can 
be derived from the Five Big Ideas of AI (Touretzki, Gardener-McCune & Seehorn, 2019): perception, 
representation and reasoning, machine learning, natural interaction, and reflecting on the positive and 
negative societal impacts of AI technologies. Teachers can introduce these ideas from primary school 
onwards. This spiral curriculum approach allows for initial experiences and explanatory approaches, 
and enables students to experience the complexity of systems step by step (Diethelm, 2021).  

From a didactic point of view, computer science education in primary schools should relate to 
children’s concrete experiences (GI, 2018). Learning situations should be designed in a way that allows 
children to learn about the functioning principles and the underlying theoretical concepts. Furthermore, 
they should provide concrete user experiences with analogue playing materials or digital applications. 
Finally, they should encourage reflection on the implications for the individual and for society as a 
whole (Brinda et al., 2016; GI, 2018; Diethelm, 2021; Schmid et al., 2021) 
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Based on these theoretical considerations, we developed a massive open online-course to 
qualify primary school teachers for integrating data and AI topics in primary school lessons. The course 
can either be integrated into university course in a blended learning format, or can be taken as a self-
study course by professional teachers. According to the findings of Lindner & Berges (2023) and Vo & 
Pancratz (2023), no prior knowledge is required to follow the course. With regard to the relevant teacher 
competencies for teaching in a digitalized world (Schultz-Pernice et al., 2017), the course aims at 
fostering technical and didactic competencies in the field of data science and AI, and empowers teachers 
to plan, conduct, evaluate and share lessons that deal with data and AI topics. As a massive open online 
course, the course is also open to interested third parties. 

Structure of the course 
Following to the data literacy framework mentioned above, the course is structured in five 

modules. From the Five Big Ideas of AI, the course covers the areas of machine learning and natural 
interaction and engages the reflection on the implications of these technologies. 

Each module starts with an introduction to the theoretical background for teachers. To support 
self-directed learning, the course includes explanatory short videos, information texts, interactive 
presentations and exercises, as well as self-assessment quizzes based on H5P (HTML5 Package; H5P 
Group, 2024).  

  At the end of each module, didactic suggestions and game activities are provided to facilitate 
the integration of the topics into the classroom. The materials are designed to promote data and AI 
literacy in different contexts and subjects such as Maths, Language, Science or Arts. This illustrates the 
interdisciplinary relevance and potential of data and AI competencies. All materials are CC-By-licensed 
and can be adapted by teachers to suit the interests and needs of their students. 

Overview about the modules and the teaching materials 
The first module “Data, Information and Knowledge” provides the conceptual framework for 

the following modules. It clarifies basic terms such as data, information, and knowledge. It deals with 
different types of data, the analysis and visualization of data. To illustrate the theoretical concepts and 
to enable teachers to use the examples in the classroom, the course uses fictional data from the children`s 
world, such as fact sheets on students, as well as real world data from official statistics, for example on 
pets. The didactic suggestion includes teaching materials that illustrate the difference between data and 
information by using fictional fact sheets of a fantasy character. Inspired by this example, the children 
are asked to fill in their own fact sheet about themselves and thus collect data. 

The second module “Data Storage and Data Access” introduces the concept of digital 
representation of different types of data such as numeric, text and image data, and deals with the 
advantages and disadvantages of digital data storage. The teaching materials includes worksheets that 
illustrate how images can be represented using pixels, which are stored in the computer as a sequence 
of zeros and ones. This familiarizes children with notation using zeros and ones as information carriers, 
which can later be transferred to other types of data. 

The third module “Learning from Data” deals with the possibilities and limitations of learning 
from data using machine learning methods. It discusses the particularities of learning algorithms that 
are trained on large data sets. As exemplary machine learning methods, the perceptron for the binary 
classification of objects and the functioning of a chatbot that can simulate human conversation are 
illustrated. The didactic inspiration includes a game that allows children to experience how computers 
can be trained by means of given examples to make predictions about new objects from given data 
(Schmid et al., 2021). The objective of the game is to identify relevant features of a package, such as 
size or wrapping paper, that indicate the presence of a coin in the packet. For this purpose, certain parcels 
may be checked. The materials are designed for teams of two: Student 1 closes his or her eyes. Student 
2 hides the coins in all the packages with dots as indicated in the first row of the template (see Figure 
1). When all the coins are hidden, Student 2 pushes up the packets marked with an arrow, as indicated 
in the second line of the template. Now, Student 1 can now open his or her eyes and check whether the 
packages that have been pushed up contain a coin.. By comparing the characteristics of the packages 
that contain a coin, he must decide which other packages contain a coin. In the given example, only the 
packages with dotted wrapping paper contain a coin. The size of the packages is irrelevant. 
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Figure 1: Template for preparing the coin search activity (AI campus course “Data 
literacy for Primary Schools”, Module 3, https://ki-campus.org/courses/dlgrundschule)  

The fourth module “Reliability of Data” looks at different types of error and bias, discusses the 
social problems associated with biased data, and provides strategies for checking the plausibility of 
information. The teaching material introduce the use of measuring instruments such as a thermometer. 
By writing down room temperatures they measure, children can observe that measurement data is 
subject to random bias and can fluctuate. They can also made be aware that data can be affected by 
deliberate bias, for example, when the thermometer is manipulated by breathing on it or using a hair 
dryer. 

Finally, the fifth module “Privacy and Data Security” deals with the difference between privacy 
and data security, raises awareness of the (economic) interests behind data collection, and introduces 
the basic principles of strong passwords and data encryption. The didactic suggestion appeals children’s 
combinatorial skills and illustrates that the longer a password is and the more different characters are 
available to create it, the more secure it is.  

Empirical evaluation of the course 
The course is accompanied by a short questionnaire that aims to provide insights into the effects 

of the course on the development of data and AI-related knowledge and the perceived data and AI-
related teaching skills after following the course. Therefore, all participants are asked to participate in a 
short survey at the beginning and at the end of the course.  

From the start of the course in March 2022 to September 2024, 340 participants had enrolled in 
the course. All responded to the introductory questionnaire, but only 89 took part in the end-of-course 
survey. The completion of both questionnaires is voluntary. Only the results for people who took part 
in both surveys are presented below (53 female, 26 male, 1 diverse, 9 refused to answer; mean age = 
31.4 years, range: 9 to 72 years; 61.8% are pre-service or professional teachers). 

At the beginning of the course, the participants are given a brief overview of the content they 
can expect, i.e. the five modules and the learning objectives are listed. Participants are then asked to 
assess their prior data and AI-related knowledge measured by the question “How would you rate your 
prior knowledge of the course topics?”. They can answer this question on a 5-point Likert scale (1: very 
extensive - 5: very limited). At the end of the course, the same question is asked again to measure the 
knowledge of data and AI after the course. Figure 2 shows the results of the pre- and post-assessment: 
Most participants (34.8% out of 89 persons) rated their prior knowledge at a medium level (mean = 
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3.09, standard deviation = 0.97). After the course, most participants (60% out of 89 persons) rated their 
knowledge of data and AI as rather extensive (mean = 1.9, standard deviation = 0.57). 

Figure 2: Self-assessed knowledge of data and AI knowledge before and after the course 

At the end of the course, the participants were also asked to rate their perceived self-efficacy to 
explain the course topics and thus to teach data literacy skills. This was measured by the question "Do 
you dare to explain the course topics to others?" Participants were again able to rate their answers on a 
5-point Likert scale (1: completely - 5: not at all). 76% (52 out of 68 persons who answered this question) 
said that they would be able to explain the topics completely or at least to a large extent (mean = 1.99, 
standard deviation = 0.70). No one said that they would not be able to explain it to others. 

The results suggest that a massive open online course may be a suitable way to promote data 
and AI-knowledge among pre-service and professional teachers as well as other interested persons. After 
finishing the course, the huge part of the participants is convinced to be able to explain the topics covered 
by the course to others. Thus, a massive open online may be a good way to prepare teachers for the 
integration of data and AI literacy in primary school education.  

Further research should also focus on the perceived relevance of data and AI literacy in primary 
education and the planned behavior of primary school teachers to integrate these topics into their 
teaching. In addition to the perceived self-efficacy to teach data and AI in the classroom, an instrument 
to objectively measure teachers’ competencies before and after attending the course would provide 
deeper insights into the training effects of the course. 
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