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Koubek/Kurz (2007) (in a theory paper) present five problems that teachers face in the classroom in relation to 

'Informatics, People and Society' (IPS)

The competency area “IPS" explores the interrelationships and interactions between technology, individuals, and society. 

It explores how computation influences and is influenced by social, ethical, and cultural factors.

Why data awareness? Background and Motivation
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Koubek/Kurz (2007) (in a theory paper) present five problems that teachers face in the classroom in relation to 

'Informatics, People and Society' (IPS):

1. lack of methodological knowledge

2. lack of subject knowledge

3. lack of teaching material on IPS content

4. lack of integrations to other topics in informatics lessons

5. perception of IPS as the responsibility of other subjects

Why data awareness? Background and Motivation
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Koubek/Kurz (2007), local empirical study in Master thesis by Marcus Baurichter (2025, n=34 teachers)

Teaching Issues regarding 'Informatics, People and Society' (IPS):

1. (some) lack of methodological knowledge

2. lack of subject knowledge

3. (some) lack of teaching material on IPS content

4. lack of integrations to other topics in informatics lessons

5. perception of IPS as the responsibility of other subjects informatics

6. Still: IPS is the first to be dropped when facing time constraints.

7. What and how to assess?

Why data awareness? Background and Motivation
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We use various digital systems in everyday life

News Feeds in Social 

Media Applications

Recommendations 

in Streaming Services

Search Results from 

a Search Engine

Answers from Digital 

Assistants and Chatbots

Data play an essential role in these technologies! 
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Example: What do you see here as a user?

„Google reCAPTCHA v2 Example“ from Google

(CC BY 4.0 via Google for Developers)

„Google reCAPTCHA Image Challenge“ from 

Google (CC BY 4.0 via Google Cloud)

https://developers.google.com/recaptcha/docs/versions?hl=de
https://developers.google.com/recaptcha/docs/versions?hl=de
https://cloud.google.com/recaptcha/docs/choose-key-type?hl=de
https://cloud.google.com/recaptcha/docs/choose-key-type?hl=de
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Example: What do you see here as a user data-aware 

person?

„Google reCAPTCHA v2 Example“ from Google

(CC BY 4.0 via Google for Developers)

„Google reCAPTCHA Image Challenge“ from 

Google (CC BY 4.0 via Google Cloud)

https://developers.google.com/recaptcha/docs/versions?hl=de
https://developers.google.com/recaptcha/docs/versions?hl=de
https://cloud.google.com/recaptcha/docs/choose-key-type?hl=de
https://cloud.google.com/recaptcha/docs/choose-key-type?hl=de
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Example: What do you see here as a user data-aware 

person?

„Google reCAPTCHA v2 Example“ from Google

(CC BY 4.0 via Google for Developers)

„Google reCAPTCHA Image Challenge“ from 

Google (CC BY 4.0 via Google Cloud)

Which data is collected in the “image selection” type?

• The selected images (here with cars) are collected as data

How and for which purposes are these data used?

• Distinguishing human and bots (primary purpose)
• Training ML models for image recognition (secondary purpose)

What is about the „I‘m not a robot“ type?

• The users’ interaction behaviours (mouse movements) are tracked

• Distinguishing human and bots (probably in a more robust way) (primary 
purpose)

• Unclear, but one could imagine many things… (secondary purpose)

(Use may go much beyond the context: e.g., Google had a project for using such reCAPTCHA data for 
equipping drones in military contexts to recognize humans (see e.g., Shane & Wakabayashi 2018))

https://developers.google.com/recaptcha/docs/versions?hl=de
https://developers.google.com/recaptcha/docs/versions?hl=de
https://cloud.google.com/recaptcha/docs/choose-key-type?hl=de
https://cloud.google.com/recaptcha/docs/choose-key-type?hl=de
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What did we do here?

Description from the perspective of using these 

digital technologies. Probably the most 

common perspective in everyday situations.

Description with focus on the role of data in 

these digital technologies (data-aware 

perspective). 
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Different roles in interactions with data-driven technologies

Interactions

Data-driven 

technologies
Users

Student as a 

user of digital 

artifacts

Student as a 

designer of 

digital artifacts

continuum of different roles

Similar ideas can be found 

in the computational 

empowerment approach 
13
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Supporting students in becoming more informed and empowered

Interactions

Data-driven 

technologies
Users

Student as a 

user of digital 

artifacts

Student as a 

designer of 

digital artifacts

continuum of different roles

Similar ideas can be found 

in the computational 

empowerment approach 
14

Skills and 

knowledge to 

design data-driven 

technologies

Skills and knowledge 

to understand and 

reflect on data-driven 

technologies

This work 

starts here
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Students my be hindered from using the concepts learned in class

Are students curious to understand the role of data in data-driven technologies they use in everyday life?

• We surveyed school students 

• Results indicate moderate motivation and intention to engage with the inner workings (focused on the role of 

data)

• Many students want rather just using these technologies instead of taking a CS-informed perspective in daily 

interactions with data-driven technologies

This raises the question: 

Even if students learn about data and ML concepts, does it help them in everyday situations?

Höper, L., Schulte, C., & Mühling, A. (2024). Students’ Motivation and Intention to Engage 

with Data-Driven Technologies from a CS Perspective in Everyday Life. Proceedings of the 

2024 Innovation and Technology in Computer Science Education V. 1 (ITiCSE 2024), 7. 

https://doi.org/10.1145/3649217.3653625

https://doi.org/10.1145/3649217.3653625
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Developing Data Awareness

Höper, L., Schulte, C., & Mühling, A. (2024). Learning an Explanatory Model of Data-Driven 

Technologies can Lead to Empowered Behavior: A Mixed-Methods Study in K-12 Computing 

Education. Proceedings of the 2024 ACM Conference on International Computing Education 

Research - Volume 1 (ICER 2024), 326–342.

Goal: Empowered citizen

(incl. being informed and reflected 

about data-driven technologies)

Data-driven 

technologies

16

Explanatory 

model as a lens 

(“on the world”)



Explanatory model about the role of data in data-driven technologies 

(one possible lens) (e.g., Höper et al., 2024)

Data-Driven 
Technology

Interaction System

Human

Lukas Höper and Carsten Schulte 17

Höper, L., Schulte, C., & Mühling, A. (2024). Learning an Explanatory Model of 

Data-Driven Technologies can Lead to Empowered Behavior: A Mixed-Methods 

Study in K-12 Computing Education. Proceedings of the 2024 ACM Conference 

on International Computing Education Research – V. 1 (ICER 2024), 326–342.



Data-Driven 
Technology

Explicit and Implicit 
Data Collection

Interaction System

Human

Explanatory model about the role of data in data-driven technologies 

(one possible lens) (e.g., Höper et al., 2024)

Lukas Höper and Carsten Schulte

Höper, L., Schulte, C., & Mühling, A. (2024). Learning an Explanatory Model of 

Data-Driven Technologies can Lead to Empowered Behavior: A Mixed-Methods 

Study in K-12 Computing Education. Proceedings of the 2024 ACM Conference 

on International Computing Education Research – V. 1 (ICER 2024), 326–342.

• Explicitly collected data is intentionally 

provided by the users

• Implicitly collected (and inferred) data is 

collected through observation and tracking, 

and derived and inferred with different 
techniques alongside the interaction

18
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Using the Data and 
Data Models

Interaction System

Human
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Höper, L., Schulte, C., & Mühling, A. (2024). Learning an Explanatory Model of 

Data-Driven Technologies can Lead to Empowered Behavior: A Mixed-Methods 

Study in K-12 Computing Education. Proceedings of the 2024 ACM Conference 

on International Computing Education Research – V. 1 (ICER 2024), 326–342.

• Data models are, e.g., ML models or 

user models

• We focus on data models about users 

(e.g., for predicting behaviours)

• Based on explicitly and implicitly 
collected data and may include 

sensible information even if not 

provided by the users themselves

19
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Höper, L., Schulte, C., & Mühling, A. (2024). Learning an Explanatory Model of 

Data-Driven Technologies can Lead to Empowered Behavior: A Mixed-Methods 

Study in K-12 Computing Education. Proceedings of the 2024 ACM Conference 

on International Computing Education Research – V. 1 (ICER 2024), 326–342.

Underlying for the data-driven practices:

• Primary purposes: providing different 

features and generate outputs during 

interactions

• Secondary purposes: additional 
intentions beyond the immediate 

output generation (e.g., targeted 

advertising, influencing users’ 

behaviours)

20



Data-Driven 
Technology

Explicit and Implicit 
Data Collection

Generation and Use 
of Data Models 

(e.g., ML Models or User Models)

Data Processing 
(e.g., Using ML Methods)

Primary and
Secondary Purposes

Reflecting on the Role of Data

Using the Data and 
Data Models

Using the Data Models 
in Other Contexts

Interaction System

Human

Explanatory model about the role of data in data-driven technologies 

(one possible lens) (e.g., Höper et al., 2024)
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Höper, L., Schulte, C., & Mühling, A. (2024). Learning an Explanatory Model of 

Data-Driven Technologies can Lead to Empowered Behavior: A Mixed-Methods 

Study in K-12 Computing Education. Proceedings of the 2024 ACM Conference 

on International Computing Education Research – V. 1 (ICER 2024), 326–342.
21
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• Developed two data awareness teaching units as part 

of a design-based research project

• Target group: students aged 12 to 16 (grades 6 to 

10)

• Shared approach:

• Students subsequently learn the aspects of the 

explanatory models (using a context-based learning 

approach)

• Students then apply the explanatory model to other 

examples of data-driven technologies from their 

everyday lives (“analytical lens”)

Examples for teaching data awareness in secondary (or middle) schools

Teaching Unit 1: Location data when using 

the mobile phone

(e.g., data collected and processed when using 

the cellular network or social media)

Teaching Unit 2: Recommendation systems 

in the context of streaming services

(e.g., data about users and their behaviour is 

used for recommendations)

23



Introduction and addressing personal experiences:

• What is a streaming service? 

• How is such a (personalised) start page on a streaming service 

constructed?

• How do they come to the personal recommendations?

Trending Now

Action Movies

Top Choice for You

Lukas Höper and Carsten Schulte

Part 1: Introduction to 

recommendation systems and 

first ideas for the data collection

Part 2: Reconstructing internal 

workings of a recommendation 

system for movies

Part 3: Discussing a secondary 

use of data and assessing the 

data-driven practices

Part 4: Analysing and assessing 

other data-driven technologies 

from everyday life 

24

Example for a teaching unit about recommender systems



Example for a teaching unit about recommender systems

Activity for making movie recommendations:

• Working in pairs of two students

• Structured in five steps using a worksheet

• Two important rules for the activity: 

• They should work with someone they know as 

little as possible. 

• They are only allowed to talk to each other if the 

task allows it.

Lukas Höper and Carsten Schulte

Part 1: Introduction to 

recommendation systems and 

first ideas for the data collection

Part 2: Reconstructing internal 

workings of a recommendation 

system for movies

Part 3: Discussing a secondary 

use of data and assessing the 

data-driven practices

Part 4: Analysing and assessing 

other data-driven technologies 

from everyday life 

26



Example for a teaching unit about recommender systems

Activity for making movie recommendations (pairs of students):

Task 1: Students write down movie recommendations for the other student (without 

talking to each other)

Lukas Höper and Carsten Schulte 27



Example for a teaching unit about recommender systems

Activity for making movie recommendations (pairs of students):

Task 2: Students ask each other two questions (‘collect data’)

Lukas Höper and Carsten Schulte 28

2x2x



Example for a teaching unit about recommender systems

Activity for making movie recommendations (pairs of students):

Task 3: Students write down movie recommendations again (without talking about 

that)

Lukas Höper and Carsten Schulte 29



Example for a teaching unit about recommender systems

Activity for making movie recommendations (pairs of students):

Task 4: Students share their recommendations and evaluate them

Lukas Höper and Carsten Schulte 30

3x 3x



Example for a teaching unit about recommender systems

Activity for making movie recommendations (pairs of students):

Task 5: Joint reflection: What ‘data’ was helpful here? What kind of data could a 

recommendation system collect?

Lukas Höper and Carsten Schulte 31

-> The reflection leads to the concepts of explicit and 

implicit data collection, which are then introduced.



Example for a teaching unit about recommender systems

How do recommendation systems work?

• Students get a prepared Jupyter Notebook as an interactive worksheet

• It includes a recommendation system that can be explored (provides a 

look under the hood)

• Students rate movies and get personal recommendations
• Students reconstruct the idea of data models (especially those about 

users) and their use for collaborative filtering with k-nearest neighbours

Lukas Höper and Carsten Schulte

Part 1: Introduction to 

recommendation systems and 

first ideas for the data collection

Part 2: Reconstructing internal 

workings of a recommendation 

system for movies

Part 3: Discussing a secondary 

use of data and assessing the 

data-driven practices

Part 4: Analysing and assessing 

other data-driven technologies 

from everyday life 

32
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Example for a teaching unit about recommender systems

How do recommendation systems work?

• …

• Students reconstruct the idea of data models (especially those about 

users) and their use for collaborative filtering with k-nearest neighbours

Lukas Höper and Carsten Schulte

Part 1: Introduction to 

recommendation systems and 

first ideas for the data collection

Part 2: Reconstructing internal 

workings of a recommendation 

system for movies

Part 3: Discussing a secondary 

use of data and assessing the 

data-driven practices

Part 4: Analysing and assessing 

other data-driven technologies 

from everyday life 

34

Movie A Movie B Movie C

User 1 5 3 4

User 2 3 4

User 3 1 5 4

User 4 4 2 5

User 5 4 0

Ratings for movies: 0 (bad) to 5 (great)

Pred.: 4.5

Step 1: Identify similar 

users to user 5 (this is the k)

Step 2: Predict the rating of 

user 5 for movie C (e.g., as 
a mean)

Step 3: Decide whether 

movie C should be 

recommended on the start 
page



Example for a teaching unit about recommender systems

Following the discussion of the primary purpose in the first parts, the 

students discuss an exemplary secondary purpose:

• Plenary discussion of a fictional secondary use: personalised paywall for 

movies that can be purchased in addition to a subscription based on the 
predictions of the future behaviour

• In the discussion various topics about individual and societal issues are 

included (e.g., filter bubbles, behaviour engineering, information 

asymmetry or responsible development of data-driven technologies)

• Students assess such data-driven practices in a nuanced perspective

During this part, the concepts of primary and secondary purposes are 

introduced and are used for assessing data-driven practices.

Lukas Höper and Carsten Schulte

Part 1: Introduction to 

recommendation systems and 

first ideas for the data collection

Part 2: Reconstructing internal 

workings of a recommendation 

system for movies

Part 3: Discussing a secondary 

use of data and assessing the 

data-driven practices

Part 4: Analysing and assessing 

other data-driven technologies 

from everyday life 

35



Example for a teaching unit about recommender systems

Using the explanatory model as an „analytical lens“:

• Students choose other examples from their everyday life that implement 

recommendation systems

• Students analyse these examples using the explanatory model (e.g., 

explore the different aspects in the exemplary data-driven digital 
artifacts) and assess the data practices

• Students present their results in class and discuss about their role in 

these situations (e.g., reflecting on their behavior and discussing 

possible ways of actions to become more empowered)

Lukas Höper and Carsten Schulte

Part 1: Introduction to 

recommendation systems and 

first ideas for the data collection

Part 2: Reconstructing internal 

workings of a recommendation 

system for movies

Part 3: Discussing a secondary 

use of data and assessing the 

data-driven practices

Part 4: Analysing and assessing 

other data-driven technologies 

from everyday life 

using in…
Everyday situations with 

data-driven technologies

36
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• Data Awareness with location data

• Raspberry pi research seminar: Exploring the data-driven world: 

Teaching AI and ML from a data-centric perspective (5 October 

2021)

• Prodabi-website: 

https://www.prodabi.de/en/materialien/datenbewusstsein/

• Teaching data awareness with explanatory model, thus

• explicit and Implicit data

• primary and Secondary purpose

• data models

• …become teaching content.

• (instead of being ‘only’ a tool for designing teaching)

Teaching with Explanatory Models

https://www.prodabi.de/en/materialien/datenbewusstsein/
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Explanatory Model in background: Local teachers decide
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Explanatory Model in foreground: Researchers decide
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researcher teacher student
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Is the Explanatory model ‘correct’? Is it the right one?

Hiding & Highlithing
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Need for Explanatory Models

43

Höper, L., & Schulte, C. (2024). New Perspectives on the 

Future of Computing Education: Teaching and Learning 

Explanatory Models. 24th Koli Calling International 

Conference on Computing Education Research, 1–8. 

https://doi.org/10.1145/3699538.3699558

https://doi.org/10.1145/3699538.3699558
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www.prodabi.de

Thanks for the attention! The teaching units are (or will be) published on 

www.prodabi.de (both in German and English)

If you have any questions, please contact us: lukas.hoeper@uni-paderborn.de 

http://www.prodabi.de/
mailto:lukas.hoeper@uni-paderborn.de
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