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Abstract 

This master's thesis investigates the potential of discovery-based learning in Computer Science edu-

cation by designing, implementing, and evaluating a teaching sequence aimed at enhancing both pro-

gramming skills and generic competencies such as creativity, collaboration, and communication. The 

teaching sequence included six double lessons (each lasting 100 minutes) and incorporated pair pro-

gramming, with students alternating between human peers and generative AI tools as programming 

partners. A case study methodology was utilized to evaluate the effectiveness of this approach within 

a real-world classroom setting. 

The findings indicate that discovery-based learning, though underrepresented in Computer Science 

education, shows potential when combined with contemporary programming didactics such as pair 

programming and AI-supported collaboration. Most students acquired at least some of the program-

ming skills taught. However, students viewed working with AI as a constraint on creativity, pointing 

out significant limitations regarding problem-solving opportunities and original thinking. These find-

ings suggest that while integrating AI into programming education can be advantageous, careful eval-

uation of its effects on cognitive processes and student engagement is needed. This study adds to the 

ongoing discussion on innovative teaching methods in Computer Science and lays the groundwork 

for further research on the effective integration of AI into programming education. 

  



 

Zusammenfassung 

Diese Masterarbeit untersucht das Potenzial des entdeckenden Lernens in der Informatikausbildung 

durch die Konzeption, Umsetzung und Evaluierung einer Unterrichtssequenz, die darauf abzielt, so-

wohl die Programmierfähigkeiten als auch allgemeine Kompetenzen wie Kreativität, Zusammenarbeit 

und Kommunikation zu verbessern. Die Unterrichtssequenz umfasste sechs Doppelstunden à 100 Mi-

nuten. Dabei bearbeiten die Schüler:innen Programmieraufgaben sowohl alleine, als auch im Pair-

Programming-Modus, wobei sie einerseits mit einem Kollegen/einer Kollegin und andererseits mit 

generativen KI-Tools als Programmierpartner arbeiteten. Anhand einer Fallstudie wurde die Wirk-

samkeit dieses Ansatzes in einem realen Klassenzimmer untersucht. 

Die Ergebnisse zeigen, dass entdeckendes Lernen, obwohl es in der Informatikbildung eher weniger 

verbreitet ist, Potenzial hat, wenn es mit modernen didaktischen Ansätzen wie Pair-Programming 

und KI kombiniert wird. Die meisten Schüler:innen erwarben zumindest einige der vermittelten Pro-

grammierkompetenzen. Allerdings sahen die Schüler:innen die Arbeit mit KI als Einschränkung ihrer 

Kreativität an und wiesen auf erhebliche Einschränkungen in Bezug auf Problemlösungsmöglichkeiten 

und originelles Denken hin. Diese Ergebnisse deuten darauf hin, dass die Integration von KI in die 

Vermittlung von Programmierkompetenzen zwar vorteilhaft sein kann, aber eine sorgfältige Bewer-

tung ihrer Auswirkungen auf die kognitiven Prozesse und das Engagement der Schüler:innen erfor-

dert. Diese Studie trägt zur laufenden Diskussion über innovative Lehrmethoden in der Informatik bei 

und legt den Grundstein für weitere Forschungen zur effektiven Integration von KI in die Program-

mierbildung. 
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1. Introduction 

In today’s world, the fields of education and business are under rapid development. This develop-

ment comes mainly from the rapid growth of technology. The way we live and work is developing 

faster and faster and educational institutions are faced with the challenge of keeping pace with this 

development. One of the biggest challenges in modern teaching is to equip students with subject-

specific knowledge and generic skills that enable them to operate in a complex, networked world 

successfully.  

The current curriculum for 5th-grade upper secondary schools (AHS) in Austria includes both subject-

specific goals and generic competencies intended to be taught in Computer Science classes. The com-

puter science lessons aim to develop communication skills, collaboration skills, and creativity. A key 

component of the curriculum is also the teaching of programming skills. Combining programming 

skills with generic competencies such as teamwork, communication, problem-solving abilities, and 

creativity can provide students with various opportunities in their personal lives and professional ca-

reers. 

To achieve the objective of concurrently teaching programming skills and generic competencies, the 

method of pair programming—wherein two learners collaborate at one computer, dividing the pro-

gramming task and supporting each other (Xu & Correia, 2023)—appears particularly promising. This 

approach not only enhances a deeper understanding of programming concepts but also promotes 

the development of social and communication skills while increasing students' motivation and enjoy-

ment of learning (Xu & Correia, 2023).  

Pair programming has been used as a teaching method for programming for a long time, with exten-

sive research conducted in this field. The introduction of artificial intelligence in education presents 

an opportunity to enhance and modernize this approach. The use of artificial intelligence has ex-

panded significantly in recent years across various domains, including education. AI has the potential 

to be a valuable tool in teaching and learning by personalizing the educational experience and im-

proving outcomes for each learner. Generative AI tools can explain complex programming problems, 

offer solutions, foster creative thinking, and assist students in developing innovative approaches to 

programming challenges (Spinellis, 2024). 
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The motivation for addressing this topic in this Master’s thesis arises from the belief that the integra-

tion of pair programming and generative AI tools in computer science education represents a sustain-

able and future-oriented educational strategy. By combining these approaches, both subject-specific 

and generic competencies can be promoted in a way that meets the demands of a modern technol-

ogy-driven society. This Master’s thesis aims to analyze the potentials and challenges of these meth-

ods and to develop a practice-oriented recommendation for their implementation in an upper sec-

ondary school. 

This Master’s thesis should contribute to revolutionizing Computer Science education in schools. It 

should assist teachers in preparing their students as effectively as possible for the challenges of the 

digital future. Therefore, the underlying research question of this paper is: “To what extent does the 

integration of pair programming and generative AI tools in Computer Science lessons for the 5th 

grade of an upper secondary school (AHS) assist the development of selected generic competencies 

of the students as well as the development of their programming skills?” 

A teaching sequence, based on discovery-based learning and pair programming, was developed and 

implemented to address this research question. A case study methodology accompanied this imple-

mentation. This will be presented in a two-part format. The first part of this Master’s thesis covers 

the theoretical framework used for developing the teaching sequence, which includes principles of 

discovery-based learning, teaching programming, and using AI for educational purposes. The second 

part presents the teaching sequence developed based on these frameworks. Following this, the re-

search design and results will be displayed. Finally, this practical part will be related to the literature, 

and final recommendations will be provided. 
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2 Theoretical Framework 

This Master's thesis addresses the mediation of programming skills and generic skills in Computer Sci-

ence classes through the use of a discovery-based learning approach, pair programming, and genera-

tive AI tools. To provide an overview of the current state of research and establish a foundation for 

the development, implementation, and analysis of a teaching sequence aimed at achieving this ob-

jective, an in-depth literature review has been conducted. The thesis begins with an introduction to 

the concept of discovery-based teaching and learning. Subsequently, it explores the foundations of 

teaching programming skills, followed by a detailed explanation of the pair programming teaching 

approach. An essential component of this thesis is the application of generative AI tools for educa-

tional purposes, which is discussed extensively in a dedicated sub-chapter of the theoretical frame-

work. 

2.1 Discovery-based Learning 

Discovery-based learning is an instructional approach that diverges from the traditional method of 

imparting knowledge. In this approach, students are encouraged to uncover information previously 

unknown to them independently. Instead of receiving knowledge mediated by an expert on the sub-

ject, students acquire understanding through experimentation and exploration. Although students 

are expected to gain insights autonomously, educators must establish and maintain a conducive 

learning environment. This environment requires ongoing evaluation and adaptation to remain effec-

tive (Bönsch, 1999).  

Discovery-based learning is not a novel concept within the educational realm. Jerome Bruner first in-

troduced the idea of discovery-based learning in 1961. He defined it as an independent exploration 

of a knowledge domain, where the learner must engage their intellectual abilities to solve problems. 

This method enhances the learners' problem-solving skills. In this approach, the teacher plays a more 

supportive role, observing and assisting learners in acquiring new knowledge. Additionally, teachers 

should demonstrate problem-solving techniques. Discovery-based learning capitalizes on the inher-

ent curiosity possessed by each individual, fostering intrinsic motivation to learn, particularly when 

learners are only partially familiar with the knowledge they are expected to acquire (Riedl & Schel-

ten, 2012). 
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It is assumed that learners engaging with unfamiliar or new content attempt to associate this infor-

mation with their pre-existing knowledge. They seek similarities within their existing knowledge 

structures and endeavor to elucidate the newly acquired information by identifying similarities and 

differences. The greater the disparity between the cases they encounter, the more refined their rules 

become. Based on this foundation, learners can deductively infer individual cases from the generali-

zations present in their minds (Riedl & Schelten, 2012).  

Discovery-based learning involves allowing students to engage in individual cognitive processes 

through appropriate tasks. Effective implementation of this method requires suitable teaching and 

learning environments, which are closely related to problem-solving learning strategies. The objec-

tive of discovery-based learning is for students to independently acquire knowledge and identify pat-

terns and relationships. For successful and pedagogically sound application of this method, it is es-

sential to ensure that students possess sufficient and relevant prior knowledge to which they can 

connect newly acquired information. Consequently, this approach cannot be effectively employed 

with topics that are entirely unfamiliar to students and for which they have little or no prior 

knowledge (Riedl & Schelten, 2012).  

Bönsch (1999) argues that certain prerequisites need to be ensured, for discovery-based learning to 

be successful: 

• One cannot expect that discovering knowledge happens without any pre-knowledge. Stu-

dents need to have certain basic knowledge in this field to develop questions, understand 

problems, and keep interest. 

• Students need to be encouraged and motivated to have fun discovering new knowledge.  

• Students need to try things out in the real world with real problems and not in theoretical 

scopes. Fourth  

• The questions and problems the students need to solve need to be formulated as precise as 

possible 

• Teachers must transform boring topics into vivid tasks 

• Teachers need to encourage students to draft plans before they start solving the problem 

• Teachers and students need to check whether the discovered solution and the knowledge 

that is built on this solution are adequate and accurate. 

(Bönsch, 1999). 
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While the concept of discovery-based learning appears straightforward, there is no single precise 

definition for the term. The literature reveals various learning tasks that fall under the scope of dis-

covery-based learning, ranging from implicit pattern detection to eliciting explanations, and from 

working through manuscripts or manuals to conducting simulations (Alfieri et al., 2011). Despite the 

differences in these definitions, they all share a common element: in a discovery-based learning envi-

ronment, the teacher adopts a facilitative role, allowing students to uncover target information inde-

pendently. For this Master’s thesis, the following definition will be employed, which integrates vari-

ous aspects discussed in the literature: 

“Discovery-based learning means that the teacher provides the students with sufficient but minimal 

guidance and instruction in a desired field of knowledge, in such that they can acquire target infor-

mation and skills on their own by being exposed to tasks and problems they need to solve them-

selves” 

The subsequent chapters will delve into the primary advantages and considerations of this approach. 

Furthermore, specific implementation requirements and opportunities for discovery-based learning 

within Computer Science courses will be outlined. 

2.1.1 Benefits, Pitfalls, and Considerations for Implementing Discovery Learning 

Already in the 1950s research was concerned with the usefulness of discovery-based learning in com-

parison with other forms of instruction. There is vast agreement in literature, that discovery-based 

learning without the guidance and assistance of a teacher who ensures that learning takes place is 

quite useless as it lacks structure (Alfieri et al., 2011). Therefore, we will only consider discovery-

based learning that follows the rules brought up by Bönsch and is as guided as necessary. 

In early research, Ray (1961) argued that discovery-based learning has positive effects on the reten-

tion of information in contrast to traditional direct instruction. Moreover, being able to discover new 

information and knowledge yourself helps in developing strategies for lifelong learning (Dorier & Gar-

cia, 2013). 

Teaching something yourself, which is the base of discovery-based learning, means that you con-

struct a conversation with yourself, and improve in your own scope of knowledge. This is directly 

linked to Vygotsky’s Zone of Proximal Development (Vygotsky, 1978).  
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Baldwin (1995) suggests that discovery-based learning may be more effective than conventional in-

struction because it addresses the issue of "bulimic learning," where students learn material only for 

a test or exam and forget it afterward. In discovery-based learning, students engage in activities be-

yond simple memorization tasks; they are encouraged to identify and solve problems independently. 

Traditional instruction methods often involve students relying on the materials presented by the 

teacher without encouraging them to think outside the box. 

Furthermore, discovery-based learning enables students to gain more than just lesson content or 

requisite skills. It equips them with the ability to teach themselves and understand the process of ac-

quiring new knowledge. This meta-knowledge about learning can be beneficial in future educational 

contexts and throughout their lives (Baldwin, 1995). 

However, there are some considerations when implementing a discovery-based learning approach in 

teaching. Initially, students may feel overwhelmed, and the cognitive workload can be substantial 

when this method is introduced. Therefore, it is advisable to familiarize students with this approach 

in advance. The more frequently the method is utilized, the more likely students are to develop an 

appreciation for learning. When students become accustomed to discovery learning, it encourages 

them to do more than actively participate in lessons. Rather they are constructing new information 

and extending their knowledge beyond the presented material. It is important to note that while this 

approach can lead to valuable insights into students' prior knowledge and facilitate its transfor-

mation, it does not guarantee that new information will be permanently retained (Alfieri et al., 

2011). 

Additionally, employing a discovery-based learning approach may not always align with the strict 

schedules of educational institutions. The timing of when discovery occurs is unpredictable, and it 

cannot be guaranteed that every student will acquire the intended knowledge and achieve the over-

all objectives. Therefore, the teacher needs to provide the necessary support, ensuring students re-

ceive as much assistance as needed while maintaining minimal interference (Baldwin, 1995). 

Discovery-based learning requires a significant amount of time and ongoing monitoring. When a stu-

dent becomes distracted by external factors, the teacher must ensure that continuous progress is 

maintained (Baldwin, 1995). 

Finally, it needs to be noted that testing students in a discovery-based learning course can be chal-

lenging, as individual discovery is so diverse and different. This means that one should rather grade 

and assess the participation and the project than the process. Moreover, certain aspects of discov-

ery-based learning, such as meta-learning are hard to measure and assess (Baldwin, 1995). 
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2.1.2 Discovery Learning in Computer Science Lessons 

Although there is limited research on implementing discovery-based learning principles in Computer 

Science education (Arnold et al., 2005), certain general principles that require special consideration 

in Computer Science lessons must be observed. 

Arnold et al. (2005) highlight that, particularly in Computer Science courses, it is crucial for the topic 

to possess a certain degree of openness. This implies that the knowledge domain should be suffi-

ciently broad to allow students to experiment, test hypotheses, and compare their findings with 

those of their peers. The topic must be diverse enough to enable multiple problem-solving ap-

proaches. Additionally, educators must provide students with the necessary resources. These materi-

als should be crafted to ensure that each student comprehends both the problem and the task at 

hand, minimizing the need for teacher assistance. Discovery-based learning emphasizes that students 

should generate new ideas and potential solutions for the given tasks. Finally, all assignments should 

be structured in such that they allow for various solutions, approaches, and perspectives, which 

should be acknowledged by the teacher. It is also vital to allocate adequate time for students to com-

plete their tasks and develop their solutions (Arnold et al., 2005). 

It is important to consider which topic to cover, as not every subject in a Computer Science class-

room is suitable for discovery-based learning. Additionally, while the teacher does not have a leading 

role in this method of teaching, thorough and genuine preparation is necessary to ensure that spe-

cific competencies are conveyed effectively through discovery-based learning (Arnold et al, 2005). 

There is limited evidence on best-practice examples for implementing a discovery-based learning 

course in Computer Science. Baldwin (1995), for instance, developed two university courses aimed at 

teaching computer graphics and programming skills in C and Unix through discovery-based learning. 

He concluded that discovery-based learning is effective, as students acquire more knowledge com-

pared to a traditional course. Additionally, they found the learning process more enjoyable, the in-

structor was more relaxed, and students gained skills beyond the subject matter, such as independ-

ent learning.  

Baldwin (1995) and Arnold (2005) advocate for the integration of discovery-based learning into Com-

puter Science education, highlighting the potential advantages for both students and educators.  
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2.2 Learning to program – a definition  

Computer programming is defined as “the process of developing and implementing various sets of 

instructions to enable a computer to perform a certain task, solve problems and provide human inter-

activity. These instructions (source codes which are written in a programming language) are consid-

ered computer programs and help the computer to operate smoothly.” (Balanskat & Engelhardt, 

2015). 

Acquiring programming skills is interconnected with various other essential day-to-day competen-

cies. Prior to embarking on programming, it is imperative to undertake certain preparatory activities, 

which include: 

• “the analysis, understanding and generically solving of a problem, resulting in an algorithm” 

• “the verification of requirements of the algorithm including its correctness” 

• “the implementation […] of the algorithm in a target programming language” 

(Balanskat & Engelhardt, 2015). 

Over the past decade, learning to program has become a significant objective in the educational field 

due to rapid digitalization, which presents new challenges and opportunities for society. Additionally, 

learning how to program supports the development of skills like problem-solving, logical thinking, 

and creativity (Scherer et al., 2020). 

Numerous countries have acknowledged the significance of programming education and have incor-

porated, or are in the process of incorporating, this skill into their curricula (Scherer et al., 2020).  

The same is true for the Austrian school context. When considering the current curricula for the 

lower and upper secondary schools (AHS) in Austria, one finds that the aspect of learning to program 

is already implemented there. The following teaching and learning goals are formulated and have 

been translated by the author : 

• 1st grade: Students can understand, execute and independently formulate clear instructions 

(algorithms) 

• 2nd grade: Students can create, test and debug (identify and fix errors) simple programs using 

a suitable development environment 

• 3rd grade: Students can use examples to understand elements of computational thinking and 

use them to solve problems. They know how to implement solutions in a programming lan-

guage 

• 4th grade: Students can design and iteratively develop programs that combine control struc-

tures, including nested loops and compound conditionals and students can create simple 
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programs or web applications using appropriate tools to solve a specific problem or accom-

plish a specific task. 

• 5th grade: Students can explain design, represent, and implement algorithms in a program-

ming language and students can explain basic principles of automata, algorithms, data struc-

tures, and programs 

(Bundesministerium für Bildung, Wissenschaft und Forschung, 2024)  

As previously noted, instructing students in programming encompasses more than merely teaching 

them the structures, syntax, and semantics of a particular programming language. It also serves to 

enhance students' problem-solving capabilities and fosters the development of computational think-

ing skills. Computational thinking is associated with the concept of 21st-century skills. 

The term 21st-century skills is an umbrella term that summarizes a set of skills relevant to successfully 

meeting the demands of the 21st-century workforce and education. The ten skills that are summa-

rized under the term 21st-century skills are creativity and innovation, critical thinking, problem-solv-

ing, decision-making, learning to learn, metacognition, communication, collaboration, information 

literacy, ICT literacy, citizenship, life and career skills, and personal and social responsibility (van Laar 

et al., 2020). 

A term pertinent to 21st-century skills, which will be referenced in this paper, is generic skills. Can-

ning (2013) defines generic skills as "a set of discrete clusters of skills or competencies […] that are 

transferable across different work contexts". These skills are not confined to a static set of compe-

tencies; instead, they evolve over time in response to current workplace demands. Nevertheless, cer-

tain generic skills maintain their relevance across decades. These enduring skills include communica-

tion, collaboration, problem-solving, computational thinking, and information technology (Canning, 

2013).  

Returning to the concept of computational thinking, Wing (2010) defines it as "the thought process 

involved in formulating problems and their solutions in such a manner that the solutions can be ef-

fectively executed by an information processing agent."  

Computational thinking is not a stand-alone ability. Rather it is a combination of the following five 

sub-skills: Abstraction, Decomposition, Algorithmic Thinking, Generalization and Evaluation (Selby & 

Woollard, 2013) 
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The importance of possessing programming skills as a European citizen has also been recognized by 

the European Commission. In their DigComp 2.2 – a digital competence framework for citizens, that 

has to be implemented in every member country. They devote a whole section to programming and 

another one to problem-solving skills. (Vuorikari et al., 2022). 

While learning to program is closely associated with the development of computational thinking 

skills, it is important not to use these terms interchangeably. Instead, learning to program should be 

viewed as a method for teaching and cultivating computational thinking (Scherer et al., 2020). 

There are various methods and approaches for teaching computer programming skills to students. A 

brief overview of these will be provided in the following chapter. 

2.2.1 Methods of Teaching Programming Skills 

Before considering various methodologies for teaching programming, particularly introductory pro-

gramming, it is essential to recognize that the effectiveness of these approaches is significantly influ-

enced by the chosen programming language (Koulori et al., 2014).  

Generally, one can say that there are three approaches to teaching programming:  

• Programming-first: using the traditional imperative paradigm 

• Objects-first: emphasis lies on the use of objects 

• Functional-first: introduction of algorithmic concepts with a simple functional syntax 

(Koulori et al., 2014). 

The question of which approach and programming language to use for introductory programming 

courses has been widely debated. However, there is no consensus yet, as studies have produced in-

conclusive results and each approach has its own advantages and disadvantages. (Koulori et al., 

2014). 

As of today, many programming tools are available and in use in the different classroom settings. 

Tikva and Tambouris (2021) have found that many educators utilize web-based simulation creation 

tools, media tools based on educational robots, graphical block-based programming tools and text 

code programming tools.  
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Different approaches and programming tools necessitate distinct requirements for lesson design. 

Consequently, the lesson design should align with the selected approach. In general terms, the les-

sons should:  

• Instruct students in the process of program development 

• Encourage problem-solving through the use of programming tools 

• Facilitate a deeper understanding of programming concepts 

• Promote the development of computational thinking skills 

(Xu et al., 2023). 

The programming tools employed in educational settings must possess certain characteristics to en-

sure effective teaching. Specifically, these tools should:  

• Be readily accessible to both students and educators. 

• Provide adequate support to assist in resolving potential issues. 

• Feature an intuitive syntax that facilitates the efficient creation of applications and codes or 

the resolution of practical problems within a reasonable timeframe. 

(Repenning et al., 2010). 

Xu et al. (2022) conducted a meta-analysis of the effectiveness of different programming approaches 

in promoting computational thinking skills, and programming skills. They considered five different 

teaching methods and four kinds of programming tools.  

The following programming approaches and tools were considered: 

Programming Approaches: 

• collaborative programming 

• project-based programming 

• game programming 

• problem-based programming 

• scaffolding programming 

Programming tools: 

• code text 

• graphical block 

• educational robot 

• unplugged programming 

Xu et al. (2022)  
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The study revealed that all teaching methods examined influenced the development of programming 

skills and computational thinking abilities, with the greatest effects observed in scaffolding program-

ming and problem-based programming. Similarly, all programming tools evaluated had an impact, 

with educational robot programming and graphical block programming showing the most significant 

effect on cultivating programming skills and computational thinking abilities (Xu et al., 2022). 

For the development of the teaching sequence being analyzed, an attempt was made to combine the 

approaches considered in Xu et al.'s work. Instead of traditional collaborative programming, where 

two or more programmers work simultaneously on a task, pair programming was chosen as a more 

guided and didactically innovative approach. Current research has found promising results by utiliz-

ing pair programming as a teaching method. These findings, along with an introduction to the con-

cept of pair programming, will be described in detail in the following section.  

2.3 Pair Programming 

The concept of pair programming has gained significant recognition in educational settings, being re-

garded as an effective method for learning programming. Additionally, it aids students in acquiring 

various other essential 21st-century skills (Isaaee et al., 2022). The subsequent chapter will examine 

the fundamental principles of pair programming and its integration within the educational context.  

2.3.1 Background and Definition of Pair Programming 

Pair programming is a programming technique where two programmers work side-by-side at one 

computer on the same program, code, or design. Whereby, both programming partners have inher-

ited certain roles – namely the driver and the navigator. The driver is the programmer in control of 

the mouse, and the keyboard, and is actively involved in the implementation of the program, the 

code, the algorithm, or whatever task they are engaged with. The navigator, on the other hand, is the 

one who observes the driver’s work. They have to continuously monitor the process to identify possi-

ble errors and mistakes that might occur. Those can range from syntactic and spelling mistakes to 

strategic ones. Whenever a challenging problem occurs in the course of programming, the program-

mers can brainstorm about how to solve this problem. After a pre-defined time, the two program-

mers switch roles. This leads to the fact that their contributions to the process and product are equal. 

(Williams, 2001). 
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Pair Programming is by no means a new concept. Rather it was and still is widely deployed in the in-

dustry. As early as the 1990s, this technique has been described in different works. It is said that with 

pair programming, programmers produce qualitative better code in a shorter amount of time. More-

over, it increases the performance and productivity of the programmers and aids their motivation 

and enjoyment (Williams, 2001).  

One of the first attempts to transfer pair programming from the industrial sector into educational 

contexts was made in 1999. In a university course about Software Engineering in Utah, students 

could take part in an experiment that studied the costs and benefits of pair programming in educa-

tional contexts. Those who wanted to participate in the experiment were grouped with academically 

equivalent partners. The others had to solve the tasks on their own. It resulted in the fact that the 

code of the pairs was of higher quality in almost the same amount of time as the individuals needed. 

(Williams, 2001).  

After the first reported usage at the University of Utah in 1999, many educators in the United States, 

the United Kingdom, New Zealand, India, and Thailand made their attempts to integrate pair pro-

gramming into the classroom (Hanks et al., 2011). 

In the following chapter, the integration of pair programming in the educational context and its ad-

vantages and pitfalls will be described. 

2.3.2 Pair Programming in an Educational Context 

Especially teachers of introductory programming courses make use of pair programming techniques. 

This is because, there is evidence that learning to program in this way, helps them to better under-

stand and consequently to better learn to program. Although this use-case is widely used, there are 

also instances of higher education courses that use pair programming. (Hanks et al., 2011). 

Different studies have concluded that students of introductory and intermediate programming 

courses who learned to program in pair programming mode were more likely to be successful. 

(Hanks et al., 2011). Umpathy and Ritzhaupt (2017) conducted a meta-analysis about the effective-

ness of pair programming in computer programming courses. They reviewed 18 different articles that 

were concerned with this topic. They found out that pair programming if implemented properly, has 

a positive effect on the grades, the exam scores, and the persistence in computer programming 

courses compared to solo programming. 
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Pair programming not only enhances the retention and success rates of introductory courses but also 

offers significant pedagogical advantages. It creates a conducive environment for active and collabo-

rative learning. Furthermore, pair programming alleviates students' frustration with challenging tasks 

by allowing them to depend on their partners. It also boosts students' self-confidence, interest, and 

enthusiasm in learning programming (Berenson et al., 2004). 

The interaction with their peers and the continuous communication with each other create a more 

inclusive and supportive teaching and learning environment. This is not only beneficial to the enjoy-

ment and motivation of the students, but it also aids in the development of generic skills such as col-

laboration, teamwork, and communication. (Williams et al, 2008). 

Furthermore, pair programming is also beneficial for the teacher. Less support for the individual stu-

dent is needed, as many low-level and comprehension problems can be solved in pair mode without 

the intervention of the teacher. In addition to that, students who would normally be hard to moti-

vate might engage more in the tasks because of the pressure of their team partner and contribute 

more to the final team product (Williams et al., 2008). 

While pair programming offers notable benefits in an educational context, certain considerations 

must be addressed to ensure its successful implementation. Firstly, it should be acknowledged that 

some students may prefer to work independently and thus require additional motivation or alterna-

tive assignments. Secondly, educators must allocate sufficient time for the preparation process to 

establish an effective environment. Lastly, continuous monitoring by the teacher is essential to en-

sure that the process operates smoothly (Williams et al., 2008). 

As mentioned before, pair programming is only successful if implemented with care. Williams et al. 

(2008) proposed eleven guidelines that should be considered when implementing pair programming 

in the classroom: 

1. Students need to become familiar with the setting and method and clear instruction of the 

tasks and the roles is necessary  

2. The teacher needs to be aware of their new role that steps away from answering and teach-

ing to monitoring and proactively guiding.  

3. Regular attendance of both partners and suitable sanctions is mandatory to ensure that 

every partner participates in the process 

4. Have students give feedback about their partner and the process 

5. Evaluate on a balance of individual and collaborative work 

6. Assign pairs that will most likely work well together 
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7. If pair programming is done over the whole course, ensure that students work with different 

partners 

8. If any problem with the partner occurs, students must report this immediately to the teacher 

to ensure correction of the situation 

9. Pairs should be able to comfortably sit next to each other and access to the mouse, monitor 

and keyboard needs to be as easy as possible 

10. The pairs should work together towards a common goal 

11. Encourage students to solve problems on their own rather than provide them with the an-

swers right away. 

(Williams et al., 2008) 

To sum up, one can say that implementing a pair programming approach for an introductory pro-

gramming course seems promising, as the advantages such as increased knowledge, higher test 

scores, improved skills, attitudes and self-efficacy, higher class participation and fewer dropout rates 

outweigh the efforts one has to make before implementing this practice (Papadakis, 2018). 

The following chapter will examine two best-practice examples of how pair programming can be im-

plemented in the classroom. 

2.3.3 Best Practices of Teaching Programming Skills with Pair Programming 

2.3.3.1 Block-based Programming with Pair Programming 

In Serbia, an initiative was undertaken to incorporate pair programming into primary school educa-

tion. This was achieved through the use of Scratch, a block-based programming software. Scratch is a 

complimentary graphical programming platform primarily designed for students aged 8 to 16, though 

it is not confined to this age range and is extensively utilized by beginners of all ages. Students can 

create programs by manipulating graphical blocks via a drag-and-drop interface. These blocks are 

color-coded and organized into categories, with each color representing a distinct functionality. This 

design facilitates visual differentiation and comprehension. The intuitive system aids users in follow-

ing the logical flow of block sequences and reduces errors that would typically be detected by a com-

piler in a text-based programming language (Momcilovic-Iskrenovic, 2019). 
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For this study, the researcher divided the students into two groups. One group did the coding assign-

ment independently and the other did the assignment in pair programming mode. As the main inter-

est of this Master’s thesis is on pair programming, only the second group will be described here. For 

the formation of the pairs, the researchers randomly assigned students or recognized students' 

wishes. Before the students were asked to complete the tasks, they received an introduction and a 

demonstration on how to handle Scratch. Then they had to solve specific tasks. After the students 

completed the tasks, they had to take an online knowledge test in which they were asked questions 

at different stages of knowledge based on Bloom’s taxonomy. (Momcilovic-Iskrenovic, 2019). 

The findings of this research indicate that students who participated in pair programming demon-

strated greater motivation to acquire new knowledge, exhibited faster retention of new concepts, 

and effectively learned the programming language. The study concluded that students achieved 

more substantial and efficient results when working in pairs than those who programmed inde-

pendently (Momcilovic-Iskrenovic, 2019). 

2.3.3.2 Text-based Programming with Pair-Programming 

In 2015, a university in the United States experimented to determine whether pair programming or 

solo programming is more beneficial for undergraduate students learning a text-based programming 

language. The experiment was carried out in three phases: an initial pilot study followed by two suc-

cessive pair programming experiments (Dongo et al., 2016). 

During the pilot phase, four randomly matched pairs and three solo programmers were tasked with 

completing a previously unknown assignment. All participants received a brief introduction to the 

concept of pair programming before starting their tasks. (Dongo et al., 2016). 

In the second phase, additional students participated in the study. They were provided with an infor-

mation sheet about pair programming before the experiment day. Participants were again randomly 

assigned to pairs. Before receiving their tasks, they watched a short video explaining the task, the 

pair programming concept, and data protection guidelines. Participants were also given a copy of 

"Do’s and Don’ts" in pair programming along with the task instructions. They were allowed to choose 

their initial roles and were required to switch roles after 20 minutes. The third phase of the experi-

ment followed the same procedure as the second phase (Dongo et al., 2016). 
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The outcome of this research was comparable to the study with Scratch. Students working in pairs 

engaged more in the process of creating a program than those who programmed alone. Moreover, 

the pairs collaborated effectively with each other. The students in pairs exchanged ideas with their 

partners and gained knowledge from one another. Additionally, the overall performance was higher 

in pair programming compared to the students who programmed individually. The code quality was 

superior and the students in pair mode demonstrated greater productivity (Dongo et al., 2016)  

2.3.3.3 Differences to consider – Pair programming with visual programming vs text-based program-

ming 

Korber and Motschnig (2021) examined the differences to consider when employing pair program-

ming in introductory programming courses with visual and text-based languages. They found that, 

regardless of whether students worked with a visual programming language or a text-based lan-

guage, they performed better when working in pairs. Additionally, students were able to follow the 

tutorial more easily and found completing the tasks more enjoyable. This effect was even more pro-

nounced with text-based programming languages. However, it is notable that students believed they 

learned more through solo programming than through pair programming (Korber & Motschnig, 

2021). 

Although pair programming with both language types is seen to be beneficial, there are some differ-

ences Korber & Motschnig (2021) have found. High-performance students saw little to no differences 

between text-based and visual programming languages, whereas low-performance students bene-

fited more from pair programming with text-based languages than from pair programming with vis-

ual programming languages. The same holds for the motivational aspect. Students tend to profit 

more from the positive motivational benefits of pair programming with text-based languages. Again, 

this is especially dominant with students who struggle with learning to program. 

Another notable difference between pair programming in visual and text-based environments is re-

lated to problem-solving approaches. Korber and Motschnig (2021) observed that certain students 

find it easier to systematically structure and organize their text-based code when collaborating in 

pairs. The inherent high level of structure provided by visual programming languages makes this posi-

tive effect more significant in the context of text-based languages (Korber & Motschnig, 2021). 
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2.4 Transfer from visual programming languages to text-based programming lan-

guages 

In many educational environments, students begin their programming education by learning to use a 

visual programming language, commonly starting with Scratch. Subsequently, students often face the 

challenge of transferring the knowledge and skills obtained from Scratch to a text-based program-

ming language. Frequently, the target language is Python (Skaarseth, 2023). 

The objective of learning multiple programming languages is to provide students with a comprehen-

sive and multi-faceted understanding of programming concepts. Additionally, in practical applica-

tions, programmers rarely depend on a single language. Instead, they must acquire proficiency in var-

ious languages and be able to transfer knowledge from one language to another. This ability to trans-

fer skills is closely tied to self-directed learning and will be advantageous for their future professional 

careers (Skaarseth, 2023). 

As previously mentioned, the typical approach for introducing programming to students involves 

starting with a visual programming language such as Scratch and subsequently transitioning to a text-

based programming language such as Python. The rationale behind this progression is that Python is 

widely regarded as a "real" programming language, and students often perceive a need to learn a 

language that is utilized in practical applications, which differs from visual block-based languages. 

Furthermore, Python holds significant relevance in professional programming environments and is 

one of the most extensively used languages in practice. Additionally, Python is relatively user-friendly 

compared to other textual programming languages such as C++ or Java, due to its simplicity and 

readability (Skaarseth, 2023). 

However, although, this is a common practice, students often struggle with transferring concepts 

from one language to another or do not see the connection between the two languages (Tshukudu & 

Jensen, 2020). Considering this problem, it is especially important to plan the transfer from one pro-

gramming language to another, to avoid overwhelming the students and ensure a smooth transition. 

Tshukudu and Jensen (2020) proposed a model called MPLT that gives a framework for the imple-

mentation of this aim. First of all, it needs to be considered that there are three levels of program-

ming language knowledge: the syntax level (how to write the code in the target programming lan-

guage), the semantic level (how does the language work, how to give meaning to the syntax), and the 

concept level (knowledge about the concepts underlying programming languages). The teacher pro-

vides input on all the different knowledge levels, emphasizes similarities and differences between the 

two programming languages, and corrects the students’ understanding when necessary (Tshukudu 

and Jensen, 2020).  
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If one utilizes the MPLT plan proposed by Tshukudu, it will be more likely that the transfer from one 

language to another will be successful and more effective as the likelihood of misunderstandings and 

false assumptions in the transfer process is minimized by the error correction the teacher does 

(Skaarseth, 2023). 

As proposed by Skaarseth (2023), it is important to analyze the two programming languages based 

on their similarities, differences, and possible pitfalls students might encounter when transferring 

their knowledge from one language to another. The most obvious difference between the two lan-

guages Scratch and Python, is their visualization. While Scratch is purely block-based and event-

driven, Python is text-based and sequential (Skaarseth, 2023). 

With Scratch, the programmer has a pre-defined block repertoire and “writes” the code by simply 

connecting those pre-defined blocks by drag-and-drop with each other. While connecting the blocks, 

the user interface gives feedback, if the blocks are connected in a way that they function and make 

sense. This mechanism ensures that the programmer can hardly make any mistakes. Although there 

is the possibility to create customized blocks in Scratch, the majority of tasks can be solved with the 

pre-defined blocks. The programmer can create code fragments for the different objects. Those code 

snippets and the objects are independent of each other and do not need to be initialized from the 

very beginning. The visuals that are controlled by the code, the code itself and the execution are al-

ways visible next to each other (Skaarseth, 2023).  

With Python, the programmer cannot choose from a pre-defined set of blocks. Rather, they have to 

create the code all by themselves, line by line, character by character. This code will be executed in 

sequential order by an interpreter. The programmer has to learn the syntax and semantics of the un-

derlying concepts and how they are represented in the programming language Python. In compari-

son with Scratch, the programmer is not protected from making fatal syntax or semantic mistakes. 

Moreover, it does not have a visual feedback tool like Scratch and executes the code only after it has 

been written in a separate text-based interface (Skaarseth, 2023).  

However, there are also some similarities between the two languages, namely that the representa-

tion of the underlying programming concepts such as operators, loops or conditionals is very similar, 

although they are presented in different environments. Moreover, words of the natural language are 

used in both cases (Skaarseth, 2023). 
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Skaarseth (2023), who analyzed how the transfer from Scratch to Python can work in practice, con-

cluded that it is possible to utilize the MPLT, designed by Tshukudu and Jensen (2020), for the trans-

fer from Scratch to Python, if certain prerequisites are met. Those are that, the students need to 

have sufficient experience and understanding of the first programming language – Scratch – in all lev-

els of understanding, that the transfer process is communicated and made visible, and that the suc-

cessful transfer to the new programming language needs to be measured (Skaarseth, 2023).  

2.5 AI in Education 

As Artificial Intelligence becomes more and more dominant in our day-to-day lives and is a topic of 

current public and scientific interest, it is no wonder that AI also yields potential for changing the way 

we learn and teach.  

Statistik Austria researched the spread of AI use in Austrian companies in 2023 and found out that 

more and more companies rely on AI for their day-to-day work. In 2023 11% of all Austrian compa-

nies used AI in their work. This is an increase of 2% in only two years. Especially in companies that 

operate in the information and communication sector, AI usage is highly dominant. The most com-

mon use case for AI in companies is for text recognition and text production, followed by automa-

tized data analysis, the automatization of procedures, and the creation of decision-making tools 

(Statistik Austria, 2023). 

As educators, we are supposed to prepare the students for their future lives. The fact that more and 

more companies rely on artificial intelligence, provides a demand for integrating AI in the education 

of the future workforce as well, in such that they can use AI effectively, sustainably, reasonably, and 

critically. It is no secret, that AI has been widely used in teaching and learning. In a survey, conducted 

by Forbes Advisor, more than 50% of the participating teachers in the USA believed that using AI in 

the classroom has improved educational outcomes (Hamilton, 2024). 

The Austrian Federal Ministry for Education, Science, and Research has also recognized the im-

portance of integrating AI in the educational field. On the one hand, teachers are asked to integrate 

the topic of AI in their day-to-day teaching and on the other hand to use AI technology for creating a 

more inclusive and individualized learning experience for their students. (Bildungsministerium für 

Bildung, Wissenschaft und Forschung, 2023).  
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Some examples on the side of individualization and differentiation are: 

• Drafting of personalized and individualized interactive tasks to meet the needs of the learn-

ers regarding difficulty levels, special needs, or interest fields. 

• Creating graded texts in language classes to meet the specific demands and promote and en-

courage the individual learners. 

• Using AI as a feedback tool for learners, such that they can receive feedback on their pro-

duced texts or solved tasks to become more proficient. 

• Using AI for time and resource management and, thus, providing the possibility of establish-

ing new feedback and assessment techniques in the classroom such as personal feedback, 

critical discourse, etc. 

• Acquiring new competencies that go beyond traditional education such as the ability to for-

mulate concise questions and instructions, or using provided information interdisciplinary. 

(Bildungsministerium für Bildung, Wissenschaft und Forschung, 2023). 

Besides the application examples for students and teachers in the day-to-day teaching, there are also 

possibilities for how to use AI for administrative and preparation work for the teachers. These in-

clude: 

• Gaining insight into a topic or narrowing down a topic in such that it becomes suitable for the 

educational context. 

• Assistance in the brainstorming process when drafting a teaching sequence. 

• Assistance in the quality control of the creation of tasks, and tests, or in drafting individual-

ized and differentiated versions of those. 

• Creation of multimedia data such as pictures, videos, or audio that can be used for teaching. 

• Facilitating the communication with parents, especially if there are language barriers. 

(Bildungsministerium für Bildung, Wissenschaft und Forschung, 2023) 

Considering this, one can assume that the way of teaching and learning will drastically change in the 

near future or has already changed in some areas.  

However, it should be noted that AI and its use in educational contexts is not a new phenomenon, 

rather there have been attempts to use AI in education as early as the 1960s. The US Department of 

Defense developed systems that should assist human abilities (Chassignol et al., 2018). In the begin-

ning, however, the spread and the tasks, such systems could do, were limited (Tahiru, 2021). Over 

the years, more and more research was done in this field and more and more different systems came 

into existence. Today, AI revolutionizes teaching and learning and facilitates those (Tahiru, 2021).  
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In the following chapter, it will be described how AI can be used in schools to facilitate teaching and 

learning and, how it can assist in acquiring programming skills. 

2.5.1 Overview of the use of AI-Tools for Educational Contexts 

As the short overview of the recommendations of the Austrian Federal Ministery of Education, Sci-

ence and Research, presented in the previous chapter, has shown, there are multiple areas in the ed-

ucational context, in which AI can prove helpful. In this chapter. A short overview of these application 

scenarios will be given. 

Generally, it should be noted that the use of AI for educational purposes goes far beyond teaching 

itself. Tahiru (2021) divides the use cases into three broader types: 

• Automation of Administrative Tasks 

• Smart Content 

• Intelligent Tutoring Systems 

The first one is concerned with using AI for doing reoccurring and repetitive administrative tasks to 

save time. Those tasks include for example grading and assessing exams and homework, providing 

valuable feedback, or processing the admission of new students into a school (Johnson, 2019). 

The second type of AI usage in educational contexts includes the use of AI for condensing textbook 

units into teaching and testing materials. For example, AI can be used to draft true or false state-

ments of the unit’s content to check, whether the students have understood the content they have 

learned. Moreover, it can be used for summarizing chapters or learning sequences, drafting flash-

cards, mock exams, or additional learning material. Finally, it can be used for drafting multimedia in-

put to assist understanding (Johnson, 2019). 

The last category is concerned with using AI for self-tutoring. Content that has not or hardly not been 

understood in the lessons, can be re-explained or re-formulated by the AI with the goal of creating a 

personalized tutoring system for students. (Tahiru, 2021). There are AI tools such as the “Mike” Soft-

ware by Carniege Learning that are solely concerned with this goal (Singh et al., 2018). Another ex-

ample is ReCo, a feedback tool used for Mathematics. The students can scan their solution and its 

solution process and the AI tool gives feedback if the solution and its solution process is correct or 

how it should be changed in order to be correct (Zehner, 2019). 
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Moreover, AI can be used for diagnosing and analyzing the behavior of students regarding a specific 

task or the overall behavior in schools. If the AI recognizes the undesired behavior of the students, 

the teacher can adapt their teaching or the teaching and learning environment. Therefore, it ensures 

the maximization of the student’s well-being and improves the teaching and learning environment 

(Zehner, 2019). 

However, AI is not only beneficial for teachers and learners. Various stakeholders can benefit from 

using AI for educational purposes. Duggan (2020) lists four stakeholders and their potential use of AI: 

• Students: using AI for individual and personalized support, guidance, or practice regardless 

of their ages, achievement levels, or socio-economic backgrounds 

• Educators: using AI for administration, individualization and differentiation of teaching mate-

rials, for effective and time-saving work, collaboration, professional development and self-

reflection. 

• Parents: using AI for involvement and engagement in their children’s education and for rein-

forcing values. 

• School leaders: using AI for administration, management, control, and communication and 

community purposes- 

• Local, Regional and National Administration: using AI for processing information, collecting 

data, evaluating existing curricula, and resource planning  

(Duggan, 2020). 

Considering all those possible use cases of AI Tools, one should also consider that there are benefits 

as well as challenges when one decides to use AI Tools for educational contexts. The following chap-

ter is concerned with these. 
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2.5.2 Benefits and Pitfalls of AI-Tools in Educational Contexts 

Some of the benefits of using AI-Tools in Educational Contexts have already been mentioned in previ-

ous chapters. For overview reasons, they will be summed up here as well. As this paper is concerned 

with creating a teaching scenario that uses AI, this list will be limited to beneficial aspects that are 

directly involved in day-to-day teaching and learning: 

• AI contributes to speeding up processes at the teacher’s side such as administration, grading, 

creating learning materials, or drafting feedback. 

• AI improves teaching and learning by providing individualized, differentiated, and personal-

ized teaching and learning materials. 

• AI can be used as an intelligent tutoring system by the students to recap and practice the 

content taught in classes. 

• AI can be used to practice for examinations and self-assessment. 

• AI can be used as a teaching and learning resource in the classroom. 

(Johnson, 2019; Tahiru, 2021; Singh et al., 2018; Zehner, 2019 and Duggan, 2020). 

However, although, the benefits are promising, there are also some challenges one should consider 

when implementing AI in the classroom. 

Bailey (2023) lists six challenges that might come into play when using AI, especially generative AI, in 

the classroom: 

1. The most obvious risk is that students might not only use AI for teaching and learning, but 

they might also use it for solving their homework or for cheating purposes. Especially in sub-

jects, where texts are produced or with highly standardized tasks such as basic calculations, 

AI can easily be used for solving those tasks. This might lead to the fact that students do not 

understand the topics, and are then not learning and acquiring necessary skills. Therefore, it 

is important to overthink traditional tasks that require learning by heart or repeating things 

that have been learned in school. (Bailey, 2023). 

2. Secondly, it should be considered that AI tools can have biases in their algorithms. These bi-

ases can range from ethnic, gender, or socioeconomic bias, to political biases or pedagogical 

philosophy biases. The responses or tasks generated by the AI systems might then generate 

unwanted output or output that is not in concordance with school or community values. 

Therefore, students need to have a basic understanding of the ethical or moral problems of 

AI and should be trained in critical usage. (Bailey, 2023). 

3. Thirdly, with some AI tools privacy concerns play a role, as they might store data produced 

by the students or teachers to learn, posing the problem that confidential or private data is 
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provided to the public. Therefore, teachers must ensure that students do not share this in-

formation with AI systems. (Bailey, 2023). 

4. Fourthly, the problem of decreased social contact might become even more of a problem, if 

students rely too much on AI for learning and neglect their fellow students or educators in-

creasing mental health challenges and social isolation. Therefore, it is important to con-

sciously include as much student-student interaction as well as teacher-student interaction 

in the classroom. (Bailey, 2023). 

5. Fifthly, if AI is extensively used, it might lead to the fact that both teachers and students 

over-rely on AI technology without critically examining the output as well as the purpose of 

using it. Therefore, content produced by AI systems must receive a quality check before us-

ing it in the classroom. (Bailey, 2023). 

6. Finally, there might also be the case that not all students have equal access to computer de-

vices or AI tools, which leads to possible exclusion mechanisms based on socioeconomic dif-

ferences. Therefore, the teacher needs to ensure that all students have the same possibility 

of participating in the classroom (Bailey, 2023). 

Duggan (2020) also lists the problem of technology dependence. This means that without access to 

technology or a working technology, the use of AI is limited.  

Moreover, students and teachers need to become aware of the fact that AI can produce wrong, im-

precise, problematic, or plagiarized information and data (Mader, 2024). 

All these challenges have in common, that they can be overcome if the use of AI is profoundly 

planned. AI must always be critically used and requires the teacher to professionally decide how and 

when to integrate it into their teaching. The role of the educator, therefore, will not be outweighed 

by AI. Rather it will be enhanced (Duggan, 2020). 

To keep track of technological and pedagogical developments, it is not advisable to neglect AI alto-

gether. Especially in subjects such as Computer Science, it is of great importance to learn about AI 

tools and to effectively use them for teaching and learning purposes. Therefore, the following chap-

ter is concerned with the question of how to implement the topic of AI in Computer Science classes. 
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2.6 AI in Computer Science Classes 

Considering the current curriculum for basic digital education and computer science of the lower and 

upper secondary school AHS, one finds several instances of AI. In the third grade of the lower second-

ary school, it is said that students should be able to describe how AI is used in software and other 

physical systems. In the fourth grade, students should be able to reflect on the possibilities and limi-

tations of AI. And in upper secondary students should be able to describe areas in which AI systems 

are in use, explain and compare the difference between human and artificial intelligence and use AI 

systems. (Bundesministerium für Bildung, Wissenschaft und Forschung, 2024). 

Therefore, the Computer Science classes prove especially designated to cover the correct handling of 

AI tools. Thereby, it is not only relevant to teach knowledge about how AI systems work, but also 

how to effectively use them. It is of even greater importance to equip the students with competen-

cies such as critical thinking, question formulation, dialogic communication, and the ability to use 

knowledge created by AI. This springs from the fact that factual knowledge will lose its importance as 

it can be generated by AI more efficiently and in a shorter amount of time. Teachers of Computer Sci-

ence classes should, thus, create a learning environment, in which students can develop those com-

petencies, and in which they can critically reflect and grow (Fitzpatrick et al., 2023). 

To ensure that students effectively acquire the competencies mentioned, the teacher is asked to 

gradually check the progress and to reflect on the learning process together with the students. It is of 

great importance to equip students with the ability of critical thinking, and to promote critical reflec-

tion of the content created by AI. Moreover, teachers should ensure that students apply their newly 

acquired knowledge and competencies in real-life situations (Fitzpatrick et al., 2023). 

As the field of AI is rather broad (as seen in previous chapters), this Master’s thesis focuses solely on 

generative AI Tools. In the following chapter some use case scenarios of generative AI Tools for Com-

puter Science classes will be presented. 
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2.6.1 Generative AI-Tools in Computer Science Classes 

In her Master’s thesis, Michaela Mader has created three teaching scenarios, in which generative AI 

Tools are used in Computer Science classes. The first scenario is concerned with developing research 

competence and critically evaluate the output created by ChatGPT. The students should think about 

a topic of their interest and do research about it. First, they had to formulate a suitable research 

question. Then they should do a traditional internet search about this research question and note 

down the sources they have used. After that, they should use ChatGPT and ask it to answer their re-

search question and compare it with their search results. Finally, they should reflect on their experi-

ence and on what they have learnt (Mader, 2024). 

The second scenario is concerned with learning about AI. In the beginning, the students were asked 

to complete a quiz about AI to check their prior knowledge. Then the students were asked to teach 

themselves as much about AI as possible. One group received a guideline and was asked to answer 

some guiding questions about AI, the other group was free in their acquisition. Finally, they had to 

complete a quiz to check their knowledge gain (Mader, 2024). 

The third teaching scenario was concerned with a programming task. Students were asked to pro-

gram a task in Python and ChatGPT. After that they were asked to complete a quiz, to check, whether 

their programming knowledge has increased (Mader, 2024).  

Lau & Guo (2023) developed the idea to integrate generative AI in the teaching method Think-Pair-

Share. The students try to solve a task (e.g. a programming problem) on their own, and then prompt 

an AI to solve it. After that the students compare their human solution with the AI solution and share 

their experience in plenary format with the class. 

As this Master’s thesis is concerned with using AI for teaching and learning programming skills, use 

cases on how to integrate generative AI Tools in this specific field, will be described in the following 

section. 
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2.6.2 Learning to Program with generative AI-Tools 

Generative AI Tools, such as ChatGPT, are especially useful for the acquisition of programming skills. 

This springs from the fact, that ChatGPT-3, the model which sparked the rapid spread of this tool, 

was trained with an enormous amount of code and human speech, in such that it should promote 

programming among many people. With ChatGPT-4 it is possible to generate code in Python, JavaS-

cript, or Ruby. Therefore, ChatGPT can be used to teach basic programming skills in these languages 

to students without or with little prior knowledge in this field. Advanced students can use ChatGPT to 

speed up their programming process and create more efficient code. Moreover, ChatGPT can be 

used to translate task or problem descriptions from human language into code or to debug and opti-

mize code written by the students. Finally, ChatGPT can assess code and give feedback.  (Fitzpatrick 

et al., 2023). 

Moreover, generative AI can be used to explain or teach a specific programming concept. It can ei-

ther theoretically explain it or produce code that illustrates the usage of these concepts in code snip-

pets. The explanation can, thus, happen in contexts that the students have directly specified in their 

prompts (Lau & Guo, 2023).  

As it is common ground, that model tasks can assist in deeper understanding of programming con-

cepts, generative AI can also be used to draft such model tasks for programming activities. They can 

even consider various versions of solutions and, therefore, understand that there are multiple ways 

to solve a programming task (Becker et al., 2023). 

Therefore, one can assume that ChatGPT has a high potential for promoting programming skills in 

the Computer Science classroom. 

2.6.3 Generative AI-Tools as Pair-Programming-Partners 

In the current research, the effects of using artificial intelligence as a pair programming partner have 

become increasingly interesting for many researchers. In the meantime, even a specific term – pAIr- 

programming – has been designed to summarize research that is concerned with this topic. The term 

pAIr programming means that instead of two people working together on a programming task, it is 

one human and one generative AI Tool that is based on a large language model such as ChatGPT that 

work together on a programming task (Ma et al., 2023). 
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Spinellis (2024) summarizes the benefits, pitfalls, and hurdles and how to overcome the negative 

sides. He argues that generative AI receives its power from the rapid development and the huge 

amount of data with which the corpora are trained. Generative AI can, thus, generate code faster 

and in areas in which we lack knowledge. Moreover, generative AI is also a good tool for translating 

code from one programming language to another or for transforming data into executable code. Ad-

ditionally, AI can help debug when provided with code and its related error message and improve the 

code. Finally, AI can be used as a programming language assistant or a tutor. (Spinellis, 2024). 

However, there are also some downsides to using AI for programming purposes. First and foremost, 

AI can produce faulty code. Commonly, this springs from the so-called hallucinations when AI comes 

up with things that are wrong or non-existent. Moreover, it can produce erroneous code. This is not a 

big problem if the code does not run altogether, but it might become a problem if it does, and we 

rely on it, producing the wrong output. (Spinellis, 2024). Nevertheless, AI is a powerful tool and can 

be an assistive technology when learning to program. 

Górecki (2023) researched how ChatGPT can be used in pair programming. His work focused on the 

benefits of having ChatGPT as the pair programming partner, who occupies the driver's role, while 

the human acts as the navigator. He discovered that this approach leads to enhanced productivity, 

improved code quality, knowledge sharing, better code documentation, and accessibility (Górecki, 

2023). 

The enhanced productivity aspect is based on the fact that ChatGPT can be used to generate repeti-

tive yet time-consuming programming tasks. This helps the developer to free time and, thus, to the 

possibility of focusing on more demanding and creative work in the meantime. (Górecki, 2023). 

The codes become better in such that ChatGPT can detect errors and bugs in the code before they 

manifest themselves into bigger problems. Moreover, ChatGPT can rewrite code and suggest im-

provements to existing code and design. (Górecki, 2023). 

ChatGPT can also be used as a superior developer, as it can assist novice programmers in under-

standing more complex code. It can share explanations and act as a more experienced team mem-

ber, providing suggestions and guidance (Górecki, 2023).  

Moreover, the code will be better documented as ChatGPT can help to create more detailed and ac-

curate code documentation by generating comments and annotations based on the code (Górecki, 

2023). 
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Finally, ChatGPT allows people without a lot of programming knowledge to step into programming 

themselves and collaborate with developers and other stakeholders to contribute in projects that re-

quire programming in a more meaningful way. (Górecki, 2023). 

Ma et al. (2023) researched whether there are differences between two humans working together 

on a programming task and the pAIr programming approach. They raised the questions of whether 

the two approaches are comparable, whether there are different application contexts, whether per-

formance differs, and how the communication and interaction should vary in the two approaches. 

Although some research has been done in this field already, they argue that there is still too little 

data to give well-founded and satisfactory answers to the questions raised. However, some tenden-

cies can be seen in current research. First, it needs to be considered, that AI-driven tools such as Co-

pilot or ChatGPT can still produce code that does not work or that does contain errors and bugs. 

Moreover, the programming and communication dynamics seen between two people performing 

programming tasks cannot be seen by pAIr programming. (Ma et al., 2023). 

However, in educational contexts, using artificial intelligence as a pair programming partner seems 

rather promising. Using AI as a programming partner has led to similar productivity, similar code 

quality, and similar self-efficacy results as with two humans performing a pair programming activity. 

They also found that knowledge transfer is successful when learning to program with an AI pair pro-

gramming partner. (Kuttal et al., 2021) 

Ma et al. (2023) have found out that using AI as a pair programming partner seems most effective for 

the educational context, as it does not bring much benefit to the professional developer. Neverthe-

less, some considerations need to be made, before using AI as a pair programming partner for stu-

dents. 

Bird et al. (2023) argue that there needs to be a shift of competencies students need to learn. Rather 

than being able to produce code on their own, students should be trained in such that they can as-

sess and review code when using it. Teachers need to support students in developing debugging and 

testing skills as the code produced by the AI can still lack correctness and completeness (Ma et al., 

2023). Moreover, teachers need to promote competencies such as self-reflection, question-forming, 

and explanation among their students (Ma et al., 2023). 
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In the research discussed above, AI is mostly used as the driver who writes the code. Phung et al. 

(2023) have researched how AI works as a navigator when a student provides it with some line of 

code. In their research, they prompted an incomplete program written by a student and asked the AI 

agent to complete the program while making as few modifications to the student's code as possible. 

They found out that ChatGPT in version 3.5 and version 4 could both solve the problem and provide 

feedback to the student, whereas ChatGPT 4 made more adaptions to the original code. However, 

this result should be taken with a grain of salt, as the model GPT 4 was just released when this re-

search was done and adaptions and updates of the version are currently happening inflationary. 

In the teaching scenario under consideration, we will focus on both use cases – AI as the navigator 

and AI as the driver. 

3 Practical Part 

3.1 Research Methodology (Theoretical Background) 

The practical part of this Master’s thesis consists of the creation, execution, and evaluation of a 

teaching sequence that mediates programming skills and generic skills by using pair programming 

and generative AI tools. This teaching sequence will also be based on the approach of discovery-

based learning. The implementation of this teaching sequence is methodologically accompanied by a 

case study.  

The research method of case studies has been used in various research fields, ranging from natural 

sciences to humanities to social sciences. Especially, in educational research domains, case studies 

have been used to research modules, programs, classrooms, schools, and universities (Gerring, 

2016).  

Although case studies have been widely used, there is no agreement in the definition of this research 

method. Rather, there are various definitions dependent on the research domain.  

The definition that will be used in this paper stems from Yin (1994), who defined a case study as “an 

empirical inquiry that investigates a contemporary phenomenon within its real-life context, espe-

cially when the boundaries between phenomenon and context are not clearly evident…[and] relies 

on multiple sources of evidence”.  

For a case study, the first necessary constituent to have is a case. Gerring (2016) defines a case as “a 

spatially and temporally delimited phenomenon of theoretical significance”. Therefore, a case study 

is concerned with a special case. It can range from a single case to a small set of cases. The case un-

der consideration should then shed light on a larger amount of cases (Gerring, 2016). 
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As a case study is concerned with one specific case, it is a highly focused research method, where the 

researcher invests much time in analyzing and presenting the chosen case to provide important evi-

dence for the argument, the central point of the study, it tries to make (Gerring, 2016).  

One major aspect of case studies is that the researcher does not intentionally adjust or manipulate 

the case rather his or her task is to observe the ongoing phenomena. This leads to the goals of this 

research design, namely to explain the case under investigation and shed light on other cases. There-

fore, it must be possible to put the case into a larger context (Gerring, 2016). 

The first step when considering implementing a case study research design is to select and define the 

case. There are some strategies and criteria in the selection process, that determine whether a case 

is suitable for a case study: 

1. The case must be of importance for a specific group of readers.  

2. The case should be independent of other cases. 

3. The case needs to provide new evidence to subjects  

4. The case needs to be easily accessible to the researcher 

5. The case needs to be representative of a larger population 

(Gerring, 2016). 

In Table 1, the criteria will be used to assess the case underlying this research based on its suitability 

for a case study: 

Criterion Evidence in current case 

Importance As the case observes the suitability of a specific 

teaching scenario for the acquisition of specific 

teaching goals, it can be assumed that the im-

portance goes beyond the classroom, in which 

it was taught. It is of importance for all teachers 

teaching Computer Science or programming 

classes in Austria and beyond. Moreover, it 

might also be of interest to other researchers in 

the educational field or to authorities and pol-

icy-makers. 

Independence This case was conducted in one class in one 

school. The students did not take part in any 

other research and their learning outcomes did 
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not influence their success in this class. Moreo-

ver, they did not engage in a second round of 

treatment. 

New evidence A lot of research has been done for teaching 

programming skills with various methods in-

cluding using pair programming as a teaching 

method. The same holds for the teaching of ge-

neric skills and the usage of AI in the classroom. 

However, no research has been found that con-

nects teaching generic skills and programming 

skills by using generative AI and pair program-

ming. Therefore, it can be assumed that new 

evidence can contribute to this knowledge do-

main. 

Accessibility As the students who took part in this research, 

were taught by me throughout the whole 

school year, the access was given. The only ob-

stacle that needed to be overcome was getting 

consent from their parents in such that they 

could participate in this study 

Representative of a larger population As it can be assumed that many teachers in 

other schools are faced with similar problems 

(how to mediate generic skills and program-

ming skills), the outcomes of this case study will 

most likely be representative for a larger popu-

lation size. 

Table 1: Assesment of case for this research based on its suitability for a case study 

The second step, when doing a case study is to analyze the case. There are qualitative and quantita-

tive methods one can use for analyzing a case. Sometimes, they are even combined. Based on the 

outcomes of this analysis, conclusions are drawn. (Gerring, 2016). This research uses a combination 

of both. The analysis will be described in greater detail in chapter 3.2. 
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3.2 Research Design 

To answer the research question a multi-step research design has been chosen. First, a literature re-

view was conducted to assess the status of the current research. The literature review formed the 

basis for developing a teaching concept, which has then been carried out in the context of the case 

study of this Master’s thesis.  

The literature review, which has been discussed in great detail in Chapter 2 of this thesis, was neces-

sary to gain insight into the current research in this field and helped to increase the teaching con-

cept’s quality. The teaching concept will be presented in the next chapter. The core of the teaching 

concept has been developed in the seminar “Seminar Computer Science Didactics” in the summer 

term of 2024. This teaching concept was adapted as part of this Master’s thesis and is now based on 

the insights gained from the literature review. The teaching sequence was implemented in the 5th 

grade of a secondary school in Burgenland, Austria. The whole teaching sequence was the base for 

this case study. The case study method was used to gain in-depth insights into the learning processes 

and developments of the students. The following data collection methods were used: 

• Observations: Systematic observations of the students during the lessons Collection of the 

learning products 

• Students’ reflections and self-assessments 

A detailed description of each data collection method, their analysis, as well as changes to the origi-

nal teaching sequence are described in Chapter 3.2.2. to 3.2.4. 

3.2.1 Research subject 

14 students attended the class in which the teaching concept was implemented. Eleven of them were 

female and three of them were male. All were aged between 14 and 15 years, They had all in com-

mon that they attended the same class and had all attended the same lessons in lower secondary 

levels. As the subject “digital basic education” has only been introduced as mandatory in lower sec-

ondary levels in the school year 2022/23 (Bundesministerium für Bildung, Wissenschaft und For-

schung), they did not attend these classes before entering the upper secondary level. Nevertheless, 

they all attended a school-intern course called ELSA (e-Learning in schools), so they still had some 

basic prior knowledge regarding the handling of the visual-block-based programming software 

“Scratch”.  
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After the whole teaching sequence had been taught, the students were asked for consent to use 

their products and the observations for this Master’s thesis research. The original form of the con-

sent in German can be found in the Appendix. The students and their parents gave written consent 

to use their products and the observations in anonymized form. The reason, why students were only 

informed about the research at the very end of the teaching sequence was to achieve the most unbi-

ased result possible. If the students had known that their work and products would be used for re-

search purposes right from the beginning, two scenarios would have been possible, that would have 

falsified the results: First, they might have worked harder or differently than usual, or second, they 

might have worked less intensively or with less motivation. 

3.2.2 Teaching sequence 

The teaching sequence developed for this research lasts 6 double lessons (100 minutes each), 

whereby the double lessons take place weekly. All lessons were held using the discovery-based learn-

ing approach. The reasons for that were manifold. First, discovery-based learning in Computer Sci-

ence classes of secondary education has hardly been researched. Thus, this study should contribute 

to research in this field. Secondly, discovery-based learning is an approach that fosters student-cen-

tered learning, which is a key aspect of self-regulated learning (Banson, 2022). With self-regulated 

learning, students have to set themselves goals, develop strategies to achieve these goals, and reflect 

on their performance. (Banson, 2022). These skills are also relevant for developing generic skills. 

The teaching sequence is divided into three sections. Each section consists of 2 double lessons. 

1. Introduction to visual block-based programming  

2. Transition to textual programming 

3. Introduction to generative AI tools as pair-programming partners in textual programming 

For overview reasons, detailed lesson plans as well as the materials used for each lesson can be 

found in the Appendix. The lessons are now presented in chronological order: 
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3.2.2.1 Lessons of the first section (Introduction to visual block-based programming) 

As the students were already familiar with the visual block-based programming tool Scratch, there 

was no introduction to the user interface or the handling of the tool necessary. If the students had 

not been familiar with this tool, one or two additional lessons would have been needed to familiarize 

them with this tool. 

The first double lesson, therefore, was mostly used for activating their prior knowledge, gaining ac-

cess to their previously registered accounts, and familiarizing themselves with the tool. The students 

were allowed to play around with the tool and to test the functionality of the different buttons and 

the user interface. At the end of the lesson, the students collected all the different categories of ac-

tivities they had found, in the plenum. Their findings were then grouped to form the basis for intro-

ducing the basic programming concepts of loops, variables, and conditions. The concepts were ex-

plained based on their functionality and representation in Scratch and were revisited at the begin-

ning of the second double lesson of the first section. 

The second double lesson of the first section, which took place one week later, started with a short 

quiz about the introduced programming concepts. This was done to refresh the students’ memory. 

After the quiz, the students were introduced to the concept of Pair-Programming. They were told 

about the two roles “Driver” and “Navigator” and received an information sheet about the roles as 

well as the Do’s and Don’ts of pair programming. 

After the introduction, the students were asked to form pairs on their own. They were asked to pay 

attention that both partners should approximately have the same knowledge level. This was feasible 

as the students knew each other very well for a long time and were good at self-assessing their skills. 

If this had not been the case, it would probably have been better for the teacher to assign the pairs. 

The students were told that the goal of this double lesson was to develop a simple game in Scratch.  

The reason for choosing games was to enhance students’ motivation. As it can be assumed that 

games play an integral part in the students’ free time, it can be assumed, that developing something 

that is positively connotated increases student motivation. This assumption has also been supported 

by research. Yuriniati et al. (2019) found a positive correlation between motivation and the quality of 

learning outcomes. This points to the fact that the more motivated students are the better they will 

perform in completing their tasks (Yuriniati et al. (2019). 
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The development of games within an educational context is closely related to constructivist ap-

proaches. It has been shown that this significantly enhances student motivation and improves learn-

ing outcomes. Constructivist learning environments emphasize active participation, collaboration, 

and the construction of knowledge through experience, which aligns well with game-based learning 

strategies. Research by Maheshwari and Thomas (2017) indicates that when students engage in con-

structivist teaching methodologies, they exhibit higher levels of motivation and achieve better  

There were seven different games the students could choose from. As the students did not like to 

choose the games by themselves, the games were randomly assigned among the students. The game 

description was issued (see game description in the Appendix). There were some hints on the instruc-

tion sheet that could prove helpful to the students. No further instruction was given and the students 

were asked to develop the game on their own. This was done to adhere to the principle of discovery-

based learning, where the students should develop own problem solving strategies and learn new 

things from that. In case, the task could not be solved at all, there was also a sample solution pro-

vided at the students’ learning platform, but the students were asked not to copy that while pro-

gramming.  

After giving the instruction, the teacher stepped back and let the students work. The teacher ob-

served the lesson and the time and only served as a moderator in this lesson by telling when to 

change roles. Other than that, the teacher did not intervene in creating the games. The students had 

to present their games and upload the link to their games to the learning platform in use. 

3.2.2.2 Lessons of the second section (Transition to text-based programming) 

The first lesson of the second section was dominated by the transition from visual-block-based pro-

gramming to text-based programming. As the students had not yet finished creating the mini-games, 

they continued with their programming in the first 30 minutes of the lesson. After that they had time 

for debugging, presenting, and playing the games. The students were allowed to go around and play 

their colleagues’ games, too. The second part of the first double lesson was then devoted to intro-

ducing text-based programming languages. First, the students had to research the purpose and distri-

bution of programming languages. Then the teacher introduced the programming language Python 

by showing them a sample program written in Python. As no advanced functionalities were needed, 

the teacher decided to use the online integrated development environment (IDE) online-python.com, 

as it is very intuitive to use and no long installation and introduction is needed. The students then 

had to analyze this sample program by comparing the commands with those used in Scratch. The 

teacher then summarized the findings on the whiteboard, introduced further important commands, 

and grouped them based on their functionality.  
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In the second double lesson of the second section, the main focus was on learning how to program 

with Python. The objectives of this lesson were that the students should become familiar with the 

syntax and semantics of the programming language Python and that they should be able to write 

their own simple programs in Python. As the didactic principle of this teaching sequence is discovery-

based learning, the teacher again refrained from lecturing, rather the students should discover the 

syntax and semantics by playing around with the online tool “Silent Teacher”. The teacher asked the 

students to open the following website: https://silentteacher.toxicode.fr/?theme=basic_python and 

work through the activities.  

While working with this tool, the students learned about variables, variable types, Boolean opera-

tors, conditions, recursions, functions, and loops. When everyone had completed this tool, the 

teacher summarized what the students had discovered. For remembering purposes, the students 

were asked to fill out a distributed cheat sheet, where they should note the most important com-

mands and structures, they had discovered while playing around.  

After that, the students were asked to get together with the same partner they worked with while 

creating the games in Scratch. Then, they had to complete two out of three Python programming ex-

ercises in Pair Programming mode, whereby the first exercise was the easiest one and the difficulty 

of the exercises increased after each exercise. As with the Scratch tasks, the students were not given 

any precise instructions. They were told the aim of the program and given some small hints, that 

might be useful for completing the task. Otherwise, there were no instructions.  

The students were asked to upload their programs to the learning platform. After discussing all three 

programs together in plenary format, they were given sample solutions to compare. As the third ex-

ercise was especially demanding and not a single group was able to solve this task, the program was 

then created together in plenary format with the input of the students. 

  

https://silentteacher.toxicode.fr/?theme=basic_python
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3.2.2.3 Lessons of the third section (Introduction to generative AI tools as pair-programming part-

ners in textual programming) 

In these lessons, the focus was on introducing the students to the use of generative AI tools as pair 

programming partners. It should be noted that the students had been extensively introduced to the 

topic of AI, its functionality, advantages, disadvantages, and limitations, and to the handling of it, in 

previous lessons. Therefore, they had also created a ChatGPT account. If this had not been the case, 

one should invest in multiple lessons to introduce the students to the topic of AI before teaching the 

lessons in this section. 

In the first double lesson of the third section, the students were asked to let ChatGPT program the 

programming tasks they had completed in the last lesson. After that, they should test if the program, 

provided by ChatGPT works. Then they should compare their program with the code written by 

ChatGPT, highlight differences and similarities, and rate the two codes based on predefined criteria. 

They had to fill in a sheet, where they took notes about the comparison and the rating and handed 

that in.  

In the sixth and, thus, final lesson of this sequence, the class was divided into two groups. One half 

was assigned the role of the navigator and the other half the role of the driver. The half that was cho-

sen as the navigator had the task of understanding the driver's code (ChatGPT), analyzing it, and, if 

necessary, adapting it, so that it is understandable for the navigator. The other half had the task of 

writing the code and having it analyzed and optimized by ChatGPT as the navigator. Afterward, both 

teams had to present their codes and answer reflection questions about the code and the process of 

working with ChatGPT as a programming partner (see reflection questions in the Appendix). At the 

end of this lesson, the students had to complete a quiz to determine whether they had gained pro-

gramming skills or not.  
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3.2.3 Data Collection and Data Analysis Process 

As this research should give insight into the suitability of this teaching approach for developing pro-

gramming skills as well as generic skills, different data collection, and data analysis instruments were 

necessary.  

To observe the progress in understanding and processing newly acquired information and skills, I de-

cided to do a general observation of the students during the lessons. As the students were not in-

formed about the observations during the lessons in the first place to ensure an unbiased behavior, I 

tried to keep the observations as discrete as possible. This means that I walked around the class, ob-

served what the students were doing, walked back to the teacher's desk, took quick notes, and con-

tinued observing or teaching. After each of the lessons, I reflected on the impressions I got, evalu-

ated the notes I took, reformulated or clarified those if necessary, and tried to interpret them. I con-

tinued this observation procedure until all lessons were completed. After the whole teaching se-

quence was over, I combined all notes into a document and read through the document multiple 

times. While reading, I realized that the notes I took over the lessons, were all rather similar. Thus, I 

realized that a thematic analysis of the notes would prove helpful to gain a greater understanding. 

While reading through the notes I tried to make sense of possible themes that would make sense for 

the analysis and came up with four broader categories. Those categories were:  

1. questions asked by the students 

2. student behavior 

3. observable process progress 

4. problems that occurred.  

In the first round, I tried to assign the notes to those categories. I categorized per meaningful unit, 

meaning that I scanned the notes multiple times and broke them down into smaller units. Each unit 

holds only one piece of information at a time. If one sentence holds more information, it is broken 

down into multiple meaningful units. Splitting up the notes like this resulted in 74 meaningful units. 

The results of this analysis will be presented in Chapter 3.3. 

To determine, if students had acquired programming skills, they were asked to hand in the final prod-

ucts of their programs, indicate specific programming concepts in their presentation, and answer a 

short quiz at the end of the teaching sequence. The programs, they handed in, were analyzed regard-

ing the following aspects:  

• correctness of syntax  

• task fulfillment 

If the respective category was met, the students received one point, if not, they received zero points.  
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In the presentation of the program, the students were also awarded points. If the students could in-

dicate a loop, a variable, a condition, and a function in their program presentation, they also received 

one point for each correct indication.  

The results of the final quiz, which can be found in the Appendix, also mounted to the final score of 

acquiring programming skills. In the final quiz, they had to indicate and explain programming con-

cepts. For each correct answer, they received 1 point. The programming skills that were taught in the 

sequence were: concepts of programming – loops, conditions, recursions, functions, variables; Syntax 

of Scratch, Syntax of Python, Handling of an IDE, and Understanding of programming code.  

All points from the program analysis, the presentation, and the final quiz were added up and added 

to an Excel sheet. At the end of the teaching sequence, each student had reached a final score. To 

give this score meaning, a range, based on the general grading system in use in this school, was de-

veloped. This assessment scale is described in Table 2:  

Points Acquisition of Programming skills 

100-89% Student acquired all programming skills taught 

88-75% Student acquired most of the programming 

skills taught 

74-65% Student acquired some of the programming 

skills taught 

64-51% Student acquired the most essential basics of 

the programming skills taught 

Less than 50% Student acquired too little or none of the pro-

gramming skills taught 

Table 2: Assessment scale used for assessing the acquisition of programming skills 

The results of this Analysis will be presented in Chapter 3.3. 
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Finally, to determine, whether the students had acquired generic skills, the self-reflection sheets of 

the students about the pair programming process were evaluated. This was done as follows: All stu-

dents received a reflection sheet (see Appendix), which specifically asked for their Collaboration, 

their Communication, and their Creativity. The responses were then analyzed looking at these 

themes specifically. For example: whenever a student talked positively about the collaboration or 

about some skill they acquired, it was noted with a plus. If a student talked negatively about a collab-

oration or didn’t see any progress in this generic skill, a minus was noted. After each student's reflec-

tion was analyzed in this way, a big picture of the mood was created. This was done for the skills of 

collaboration, communication, and creativity separately but in the same manner. As it cannot be de-

termined if a development or a progress has taken place by few reflection questions only, those re-

sults were combined with the analysis of the programming tasks and the observations made during 

the lessons. The results of this analysis will be discussed in Chapter 3.3 

3.3 Results 

First of all, the results of the observation will be discussed. In Table 3, the themes used for the the-

matic analysis of the observation notes will be described and the number of occurrences as well as 

example statements uttered by the students will be given: 

Theme Theme explanation # of oc-

cur-

rences 

Example Statements 

questions asked by the 

students 

In this theme, all 

questions the stu-

dents posed regard-

ing the understand-

ing of the tasks, or 

the teaching method 

(pair programming or 

working with genera-

tive AI) are summa-

rized 

19 • “When do we have to 

swap roles [in pair pro-

gramming] ?” 

• “Why can’t we simply try 

to program together and 

not stick to our roles?” 

• “Can you help us in solving 

this task? We do not know 

what to do.” 

student behavior In this theme behav-

ior that deviates 

from everyday be-

havior of the student 

e.g. success-

32 • “I have absolutely no idea 

how to solve this” – Starts 

randomly clicking some-

where 
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experience or frus-

tration behavior is 

noted 

• “[sigh!] this is way too 

hard” 

• “Does it really work?” The 

Student cannot believe 

that the program in 

Scratch does what it 

should 

observable process pro-

gress 

In this theme every 

instance of process 

progress is noted: 

e.g. students remind 

themselves to stick 

to the pair program-

ming roles, students 

understand a pro-

gramming concept 

16 • “Hey, you are currently 

the navigator, give me the 

keyboard and the mouse. 

It’s my turn” 

• “Why don’t we use a loop 

for this instead of multiple 

if-statements” 

• “Have you seen, my 

ChatGPT gives clearer an-

swers than yours, maybe 

you should rephrase your 

prompt” 

problems that occurred.  In this theme every 

instance, whenever a 

problem occurred is 

noted. Problems 

range from technical 

problems over prob-

lems with the teach-

ing approach to mis-

understandings 

7 • “I can’t remember my 

Scratch password” 

• “My partner is sick today, 

what should I do now? 

Should I continue on my 

own?” 

• “I did not save my Python 

program, what should I 

use for the ChatGPT vs Me 

task?” 

Table 3: Themes of thematic analysis 

This table indicates that the most occurring theme was notes about student behavior followed by 

questions asked by the students. This might spring from the fact that I utilized a teaching approach – 

discovery-based learning and pair programming, the students were not familiar with. Although, I 

used a learner-centered and self-regulated teaching approach throughout the semester, discovery-
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based learning with mostly no guidance was new to them. Moreover, they have never worked in pair 

programming mode and, thus, needed some time to get acquainted with it.  

Both categories mostly occurred in the notes of the first and second lessons and can, thus be inter-

preted in such that they got acquainted with this teaching approach in the course of the teaching se-

quence. This also leads to the conclusion that, especially with students who are not yet familiar with 

the two teaching approaches, sufficient time – even more than originally planned – needs to be dedi-

cated to explaining the concepts and developing rules together with the students.  

Considering the problems that occurred, they also prove fruitful for further improvements in the 

teaching concepts. I did not pay attention to scenarios like these, and therefore, the teaching sce-

nario needs to include some plan B options. Problems with forgotten registration data are a common 

problem and are easily solvable by resetting the password, given that the student has access to 

his/her e-mail account. The example presented, where one student was absent, is a bit more tricky. It 

does not really make sense that the student continues working on their own, as it would counteract 

the principle of the pair programming approach. So, in that case, I would advise letting the student 

either work as an “expert” who helps the other teams or let him/her join another team, and they 

have three roles now: one driver and two navigators. I decided on the latter. The same issue might 

occur when there is an odd number of students in the classroom. The examples provided in the 

themes “problems that occurred” give an insight into which scenarios should be considered when 

designing the teaching scenario and which plan Bs should be thought through.  

Secondly, the results of the acquisition of programming skills will be analyzed. In Table 4, the assess-

ment used to award points to the students is described in detail. A maximum of 26 points was possi-

ble: 

Criterion Max. Points  

Scratch 

Task fulfillment: The Scratch program has all 

features that are required in the task descrip-

tion and is playable 

1 

Correct use of Syntax: The students used the 

building blocks provided in Scratch in a mean-

ingful and correct way 

1 

Python 
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Task fulfillment: The Python program has all the 

features that are required in the task descrip-

tion and the code is executable 

3 (1 for each program) 

Correct use of Syntax: The students used the 

Python syntax correctly and in a semantically 

correct way 

3 (1 for each program) 

Presentation 

Indication of Programming concepts (a loop, a 

variable, a condition, and a function) 

8 (4 points for Scratch, 4 points for Python) 

Final Quiz 

Students' performance on the final quiz. 10 

questions. 1 point each 

10 

Table 4: detailed assesment scale for assessing acquisition of programming skills 

As some students did not hand in a Python program at all or did not hand in a program in Python for-

mat and, thus preventing the analysis of their programs, they received 0 points in the Python cate-

gory. Figure 1 indicates the distribution of the share of programming skills acquired. Those categories 

were already described in Table 1 and Table 4: 

 

Figure 1: Distribution of share of programming skills acquired 

Figure 1 indicates that more than 50% of the students acquired at least some of the programming 

skills taught. There was only one student who had less than 50% on the final programming quiz. The 

others were above 50%. All of the 21% of the students who were assigned to the category “acquiring 

29%

7%

14%

29%

21%

# of Students acquiring

all programming skills taught

most of the programming skills taught

some of the programming skills taught

the most essential basics of the programming skills taught

too little or none of the programming skills taught
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too little or none of the programming skills taught” did not hand in a Python program or handed in a 

file that could not be opened. However, only two students in this category reached only 5 points in 

the final programming quiz. They also had only 2 and 4 points in the presentation. 

Therefore, we can conclude that out of the 21%, only two people fall into this category, as the others 

outperformed the other subcategories of this category.  

Finally, the students were asked to reflect on their work with ChatGPT and with their classmates 

while working on the programs. Figure 2 shows the students’ perceptions of their development of 

generic skills: 

 

Figure 2: Students perceptions on development of generic skills 

Considering Figure 2, it can be concluded that students perceived an increase in collaboration com-

petence. They feel that this teaching sequence has positively contributed to their collaboration com-

petence in both – their collaboration with other human beings and with artificial intelligence. Both 

aspects play a crucial role in the development of generic skills and are of high importance for the fu-

ture lives of the students. With creativity, students see only a contribution to the development of this 

skill while working with another human being. On the contrary, students argue that their creativity 

was not promoted at all while working with AI. Finally, the majority of students see a development in 

their communication skills, especially while working with a classmate, as they had to resolve conflicts 

and misunderstandings and find a common understanding. Two students argued that they were hav-

ing small fights with each other while programming and, thus, enjoyed working with the AI more 

than with the other partner, as they felt misunderstood.  
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This self-reflection correlates with the observations made by the teacher. While observing, it was ob-

vious that the students did communicate very well with each other, they talked through misunder-

standings, rephrased their thoughts if the programming partner does not understand what they want 

to tell and asked for clarification. There was hardly any sign of communication breakdowns or fights. 

As indicated by the students, communication with the AI did not really contribute to a development 

of this skill as non-verbal communication skills cannot be met by an AI. However, it was observed 

that the students did learn something in connection with communication. If one considers the 

prompts the students used for completing their AI tasks, an improved prompting could be observed. 

They prompted more clearly, and with greater detail. The students worked really well as a team. 

They stuck to their roles and helped each other, there were hardly any major issues. They also collab-

orated well with the AI. This was seen in the working process, but also in the presentation phase. Stu-

dents did not see an increase in their creativity while working with AI, as they perceived that AI did 

all the work and they did not have to be creative to solve the task. This might be true on the one 

hand, however, I perceive that some creativity is also necessary to find the correct way to prompt or 

to come up with creative solutions for the presentation.  

In general, it can be said that measuring generic skills such as creativity, collaboration, and communi-

cation presents significant challenges for educators and researchers. These skills, are essential for 

success in the 21st century but are inherently complex and multifaceted, making their assessment 

difficult. One of the primary challenges in assessing these skills is their subjective nature. As noted by 

Tamela et al. (2024), while lesson plans may incorporate indicators for creativity, collaboration, and 

communication, the actual measurement of these skills often lacks clarity and consistency. Purjiyanta 

et al. (2020) highlight that while experimental activities can foster these skills, the lack of standard-

ized assessment tools makes it difficult to evaluate their development accurately. 

Considering these obstacles, it can be noted that it is hard to tell whether, students actually did im-

prove their generic skills under consideration. The self-reflection and the observations made by the 

teacher as well as the lesson design that allows room for the development of those skills, do at least 

prove promising in promoting the generic skills of communication, creativity, and collaboration and 

indicate some growth. 

In response to the research question “To what extent does the integration of pair programming and 

generative AI tools in Computer Science lessons for the 5th grade of an upper secondary school (AHS) 

assist the development of selected generic competencies of the students as well as the development 

of their programming skills?” the findings suggest that the majority of students successfully acquired 

at least some of the programming skills taught, with only a small percentage struggling significantly. 

The combination of pair programming and AI-assisted learning supported the development of 
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programming competencies for most students. Regarding generic competencies, while improve-

ments in communication and collaboration were noted, students perceived AI tools as a hindrance to 

creativity. This suggests that while AI can enhance coding efficiency and facilitate learning, it may 

also limit opportunities for independent problem-solving and original thinking. Furthermore, the sub-

jective nature of assessing generic skills remains a challenge, highlighting the need for more refined 

evaluation methods. Overall, the integration of pair programming and AI tools appears to be benefi-

cial for programming skill development, though careful consideration is needed to balance AI support 

with fostering creativity in students. 

3.4 Discussion 

The results of this research indicate that utilizing a discovery-based learning approach in combination 

with pair programming and generative AI tools, can be a promising approach for mediating program-

ming skills and the generic skills communication, collaboration, and creativity. Each of these peda-

gogical strategies contributes uniquely to the learning experience, fostering an environment condu-

cive to skill acquisition. 

3.4.1 Discovery-based learning 

Although, discovery-based learning has hardly been in used in Computer Science education (Baldwin, 

1995 & Arnold, 2005) and little research has been done in this field, it proved very suitable for this 

specific teaching and learning scenario. Discovery-based learning is a learning approach that counts 

to active learning methodologies, where the students are in the center of teaching and learning and 

not the teacher. Students are asked to acquire knowledge through interaction, experimentation, and 

reflection (Córdova-Esparza, et al. 2024). This approach also fosters the development of generic com-

petencies such as collaboration, critical-thinking, and problem-solving skills (Córdova-Esparza, et al. 

2024 & Khabibah et al., 2017). This active engagement not only deepens understanding but also culti-

vates a sense of ownership over the learning process, which is crucial for developing skills that ex-

tend beyond the classroom (Saptura et al., 2022). Moreover, discovery-based learning aligns with the 

constructivist theory of learning (Chuang & Lee, 2021). The constructivist theory of learning is said to 

be a teaching theory, that positively contributes to student motivation and a higher student perfor-

mance (Maheshwari & Thomas 2017). Those effects were also visible in the current study. Students 

felt more motivated and were keen on finding solutions to their proven problems (especially, when 

they had to develop games with Scratch).  
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It has been seen, however, that especially in the beginning, when the students are not familiar with 

the teaching approach yet, frustration and confusion might be present. Liu et al. (2013) found out 

that, when students experience these motions for a short term, it can lead to an increased motiva-

tion for overcoming these emotions. However, if students experience these emotions over a length-

ier time span, they lose motivation and encouragement. Therefore, it is especially important for the 

teacher to keep the motivation high, and encourage students to keep on with the work. Therefore, 

the teacher needs to step into the role of the coach and the motivator and step back from the role of 

the instructor. Although, this research addresses this approach a positive outcome, it should be 

noted that only one aspect of Computer Science education – namely the teaching of programming 

skills – has been observed. Moreover, it needs to be considered that this teaching and learning de-

sign, focused mostly on the collaboration aspect as the students mainly worked in pairs or small 

teams. Further research would be necessary to determine whether discovery-based learning, also 

has positive outcomes if students try to acquire programming skills in solo-programming mode, and if 

it is also promising for mediating other concepts in the Computer Science Education.  

3.4.2 Pair-Programming 

The findings also indicate that pair programming positively contributed to the learning outcome. Be-

sides that the students noted a higher motivation and enjoyment while performing pair program-

ming activities. The same has been found in a Iskrenovic-Momcilovic study (2019), which found out 

that pair programming provides higher motivation for acquiring new knowledge, faster memory of 

new concepts, and a more effective learning of programming languages. A study, conducted by 

Hughes et al. (2020) gives reasons why pair programming has a better performance outcome than 

solo programming. In their study, they found out that the continuous and immediate feedback-circle 

with the peers, and the collaborative programming solving leads to a better output (Hughes et al., 

2020). Another study, by Hannay et al. (2009), who performed a meta-analysis of 18 studies that fo-

cused on the outcome differences between solo and pair-programming came to a similar conclusion. 

They found that students were able to complete tasks in less time when doing pair programming and 

came to better solutions of complex task (Hannay et al., 2009). As in the current study, the students 

did not perform solo-programming tasks, the second point can neither be verified nor falsified, how-

ever, what has been seen is that students were able to solve even more complex tasks in pair pro-

gramming.  
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Moreover, the findings of the current study, also indicate that pair programming positively contrib-

uted to the development of the generic skills communication, collaboration, and creativity. This has 

been seen in the teacher observation and the final student products, but also in the self-reflection of 

the students. Kanika et al. (2020) also highlights that students profit from pair programming not only 

in such that they produce code of higher quality, but they also acquire essential generic skills such as 

communication and collaboration. The reason for that is that the students need to articulate their 

thought processes and negotiate solutions with their partner (Kanika et al., 2020). Finally, research 

suggests that pair programming also contributes to a better learning environment, as students are 

encouraged to share their knowledge, learn from each other, and, thus increases the feeling of be-

longing, and reduces isolation, which is most likely the case with other programming tasks (Xinogalos 

et al., 2017). 

3.4.3 Generative AI tools 

Although students did not really see the benefits of using AI for developing generic skills, they stated 

that the enjoyed working with AI as a programming partner. They highlighted that they enjoyed the 

benefit of quick reply, and that they learned how to prompt effectively, in order to receive desired 

output. It should be noted, however, that students definitely need some prior knowledge before they 

can use AI for their own learning process. First, they need to be familiar with prompting. Second, 

they need to be familiar with the programming concepts to verify the output they receive from 

ChatGPT or other AI tools. Third, they need to have strategies at hand to assess the output and to 

make decisions. Finally, it needs to be ensured that the students are able to solve the task they out-

source to ChatGPT or any other AI on their own, to ensure a deep understanding of the concepts. Lit-

erature suggests that AI can be a valuable partner when acquiring programming skills, as AI can facili-

tate personalized feedback and support, which allows students to progress at their own pace while 

receiving guidance on complex programming concepts. Moreover, generative AI can assist in auto-

mating repetitive tasks, freeing up cognitive resources for more complex problem-solving and crea-

tive thinking  (Hughes et al., 2020). The current research does support these findings in general but 

also gives some limitations, as students did not have the experience of becoming more creative. Ra-

ther they saw a hindrance in developing this specific skill. The reason for that might spring from the 

programming task design. Students felt more creative while working with a human pair programming 

partner. Further research in this area would be necessary to determine if pair programming with AI 

hinders the development of creativity, and if so, how this could be overcome. 
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The combination of these three approaches creates a synergistic effect that amplifies their individual 

benefits. For instance, the inquiry-driven nature of discovery learning complements the collaborative 

aspects of pair programming, as students can explore programming concepts together while applying 

critical thinking skills. This collaborative exploration is further enhanced by the use of generative AI 

tools, which can provide real-time insights and suggestions, thereby enriching the learning experi-

ence (Hughes et al., 2020). The interplay between these elements fosters an environment where stu-

dents can develop not only their technical skills but also the generic skills necessary for success in the 

modern workforce. 

3.5 Implications, Limitations, and Further work 

The findings of this research are of high relevance for computer science teachers teaching at second-

ary schools, as it provides a framework for mediating programming skills and generic skills at once. It 

fosters a higher motivation and a higher learning outcome by the students and combines previous 

literature-based findings (e.g. pair programming as a teaching method) with new developments in 

the field of Computer Science Education (e.g. AI). However, some limitations should be considered. 

First, the teaching scenario that was developed was only taught in one specific school with one spe-

cific class, whereby the researcher was the teacher of this class. Considering this, some subjectivity 

cannot be neglected with this case study despite the research trying to be as objective as possible. To 

verify these findings, further research will be necessary, meaning that the teaching scenario needs to 

be carried out multiple times in multiple different (cultural) settings to ensure validity. In the future, 

this teaching scenario will be held with additional classes of the same school. Possible diverging out-

comes will be reported in future studies. A second limitation of this study is the constellation of this 

class. 11 out of the 14 students in the class were female, resulting in a gender imbalance. In future 

studies, possible differences in gender results might be interesting to observe. 

Moreover, the study took place in a more rural area, leaving place for speculation if results would be 

different in urban areas. 

In addition, it should be noted that currently, students who proceed to the upper secondary level 

have (ideally) some prior experience in programming, as they had 4 year of the subject general basic 

education, resulting in the question of how the results would vary. 

Finally, in this study, students assigned themselves to pair programming teams. It would be interest-

ing to find out if results, would differ if students were assigned randomly or according to their 

knowledge levels. 

To verify, if these results hold for other computer science education topics, future research is neces-

sary.  
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3.6 Personal Reflection 

Conducting this research has been a valuable experience, both in terms of my professional develop-

ment and my perspective on teaching Computer Science. One of the key takeaways from this study is 

that teaching programming skills and demonstrating how students can use AI for their own improve-

ment means equipping them with skills for the future. As AI continues to shape various fields, ena-

bling students to understand and work with it early on ensures they are prepared for a rapidly evolv-

ing technological landscape.  

Beyond technical skills, this research reaffirmed the importance of integrating generic competencies 

into Computer Science lessons. Critical thinking, collaboration, communication, creativity, and prob-

lem-solving are just as essential as coding itself. Observing my students throughout the study has re-

inforced my commitment to embedding these skills into my teaching practice more deliberately. En-

couraging teamwork and fostering creativity in my classroom can significantly benefit students be-

yond their academic careers. 

Moreover, analyzing my own lessons and reflecting on their design has been an important step in my 

professional growth. It allowed me to see what worked well and what could be improved. Even 

though the lessons ran smoothly overall, student questions often took discussions in unexpected di-

rections, highlighting the need for flexibility and a well-prepared Plan B. This adaptability is crucial in 

a dynamic classroom setting, ensuring that students remain engaged and that learning objectives are 

met effectively. 

Additionally, this research has reinforced my belief that Computer Science education does not have 

to be boring. By incorporating engaging methodologies such as pair programming and AI tools, les-

sons can be interactive, stimulating, and relevant to students' interests. Seeing students enjoy learn-

ing while developing valuable skills has been one of the most rewarding aspects of this project. 

Finally, conducting research has opened my eyes to further opportunities beyond classroom teach-

ing. Investigating effective teaching methods, evaluating their impact, and exploring innovative peda-

gogical approaches have been incredibly enriching experiences. This has motivated me to continue 

exploring ways to enhance Computer Science education, whether through further research, curricu-

lum development, or professional collaboration. 

Overall, this journey has not only deepened my understanding of effective teaching strategies but 

has also inspired me to continually evolve as an educator. I look forward to applying these insights in 

my future teaching and exploring new ways to create meaningful learning experiences for my stu-

dents. 
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4 Conclusio  

Summing up, this study has shown that using an approach that has not received a lot of attention in 

the field of Computer Science Education – namely discovery-based learning, and combining it with 

current developments in programming didactis (pair programming) and education in general (AI) – 

proves promising for mediating programming skills and generic skills at once resulting in lessons full 

of motivation, enjoyment, and a good learning outcome. This study has shown the possibilities of 

stepping away from a boring and monotonous teacher-centered teaching to an active, engaging, 

modern and student-centered teaching. This findings should encourage other educators to try out 

this teaching and learning design and contribute to a paradigm change in computer science educa-

tion.  
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8 Appendix 

8.1 Teaching Materials 

8.1.1 Lesson plans 

1. Lesson – Revision of Scratch 

Goals: 

- Students can access their Scratch accounts 

- Students become familiar with the Scratch developing environment 

- Students become familiar with the functionality of Scratch 

- Students can group similar building blocks based on their functionality 

Time frame: 100 minutes 

Time Activity Material/Media 

5 min Introduction to today’s lesson - 

25 min Getting access to previously 

registered Scratch accounts 

and familiarizing with develop-

ing environment 

PCs 

35 min Discovery of Scratch function-

ality and different building 

blocks 

PCs 

20 min Collection of found building 

blocks and grouping together 

based on their functionality 

Whiteboard 

15 min Introduction of basic program-

ming terms loops, functions, 

variables, conditions 

Whiteboard 

Table 5: Lesson plan 1st double lesson 

2. Lesson – Programming with Scratch 

Goals: 

- Students can develop a game using Scratch in pair programming mode 

- Students can use most common programming concepts 

- Students can explain the most common programming concepts. 
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Time frame: 100 minutes 

Time Activity Material/Media 

5 min Introduction to today’s lesson - 

10 min Quiz on basic concepts to re-

fresh memory from previous 

lesson 

PCs 

15 min Introduction to pair program-

ming (roles, do’s and don’ts) 

Sheet – “Pair programming 

Rollenverteilung” 

10 min Pair formation Cards for picking pairs, if pairs 

are not formed alone 

10 min Task description, assigning of 

games to develop 

Sheet – “Aufgabenblatt 

Scratch” 

50 min Game development in Scratch PCs 

Table 6: Lesson plan 2nd double lesson 
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3. Lesson – Programming in Scratch, Transformation to text-based programming with Python 

Goals: 

- Students can develop a game using Scratch in pair programming mode 

- Students can present their developed games and explain their code by giving justifications 

- Students can transfer programming knowledge from Scratch to the text-based programming 

language Python 

Time frame: 100 minutes 

Time Activity Material/Media 

5 min Introduction to today’s lesson - 

25 min Game development (continua-

tion of lesson 2) 

PCs 

20 min Game presentation, playing 

the games of the other groups, 

giving feedback to colleagues 

Projector, PCs 

15 min Discussion about the purpose 

of programming languages, 

key features of programming 

languages – Internet search 

PCs, Whiteboard 

15 min introduction to sample pro-

gram in Python by the teacher, 

comparison of commands with 

those used in scratch 

Sample Program written in Py-

thon (not too complex), 

teacher’s PC 

20 min summarizing of the findings on 

the whiteboard, introduction 

of further important com-

mands. Students note that 

down, too 

PCs, Whiteboard 

Table 7: Lesson plan 3rd double lesson 
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4. Lesson – Programming in Pythong 

Goals: 

- Students know the most relevant demands in Python (loops, conditions, variables, variable 

types, functions, Boolean operators,…) 

- Students can develop simple programs in the programming language Python in pair program-

ming mode 

Time frame: 100 minutes 

Time Activity Material/Media 

5 min Introduction to today’s lesson - 

30 min Students complete the tool Si-

lent teacher that introduces 

them to most relevant de-

mands. 

PCs, Silent teacher 

15 min Students fill out a distributed 

word document to note down 

the demands they just discov-

ered using the tool silent 

teacher to draft a class-cheat 

sheet 

Shared word document, PCs 

5 min Forming Pairs (same pairs as 

with Scratch) 

- 

5 min Distribution of task description 

and explanation of tasks. 

Sheet – “Assignments Python” 

35 min Developing of programs de-

scribed by the task description 

in pair programming mode 

PCs, task description 

15 min Discussion of solved programs 

in plenary format, reflection 

about experience 

- 

Table 8: Lesson plan 4th double lesson 
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5. Lesson – Programming with AI 

Goals: 

- Students can develop a game using AI assistance (ChatGPT) 

- Students can reflect on the code provided by AI and compare it to their own development 

- Students can evaluate the code provided by AI. 

Time frame: 100 minutes 

Time Activity Material/Media 

5 min Introduction to today’s lesson - 

15 min Revisiting AI (do’s and don’ts, 

how to prompt, etc.) to acti-

vate prior knowledge 

Whiteboard (to create Mind-

Map of Brainstorming activity) 

30 min Programming with ChatGPT: 

letting ChatGPT program pro-

gramming assignments of pre-

vious lesson and trying to un-

derstand the code provided by 

AI 

PCs, programming assignments 

for Python 

40 min analyzing ChatGPTs code, com-

paring it to their own code, 

highlight differences and simi-

larities 

PCs, reflection sheet “ChatGPT 

vs me” 

Table 9: Lesson plan 5th double lesson 
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6. Lesson – AI as a pair programming partner 

Goals: 

- Students can develop a program using AI assistance (ChatGPT) as either the driver or the nav-

igator 

- Students can reflect on the code provided by AI and give refinement suggestions/students 

can use the suggestions provided by AI 

- Students can reflect on their personal development in their programming competence and 

their generic competences collaboration, creativity, and communication. 

- Students understand block-based and text-based programming languages' most relevant 

programming concepts (loops, variables, conditions, etc.). 

Time frame: 100 minutes 

Time Activity Material/Media 

5 min Introduction to today’s lesson - 

5 min dividing class into two groups 

(one group pair programming 

role driver, one group pair pro-

gramming role navigator) 

- 

10 min explaining task – driver: write 

code, let ChatGPT analyze and 

optimize it; navigator: let 

ChatGPT write code, analyze 

and optimize it 

- 

30 min Code development, code 

presentation and justification 

PCs, projector 

30 min Reflection sheet on the work 

with AI as a pair programming 

partner 

Reflection sheet “my experi-

ence with pair programming” 

20 min Final quiz Final quiz (forms quiz( 

Table 10: Lesson plan 6th double lesson 
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8.1.2 Teaching Materials for the Lessons 

8.1.2.1 Scratch Game Description 

Gruppe 1) Spiel – Früchte Sammeln 

 

Programmiert mit Scratch ein Spiel. In dem Spiel sollt ihr mit einem Korb Früchte, die vom Himmel 

fallen, einsammeln. Für jeden Apfel, den du einsammelst, bekommst du 2 Punkte. Für jede Banane, 

die du einsammelst, bekommst du 4 Punkte. Fängst du die Früchte nicht auf, werden die Punkte ab-

gezogen. Versuche möglichst viele Punkte zu sammeln, bis der Timer von 3000 Sekunden abgelaufen 

ist. Vermerke die Punkte in einem Punktekonto.  

 

Tipps für die Programmierung: 

• Du benötigst mehrere Figuren, die unabhängig voneinander zu steuern sind 

• Du benötigst ein Feld (Variable), dass die Punkte zählt und einen Timer, der abläuft 

• Wenn die Frucht den Korb berührt, sollen die Punkte hinzugezählt werden. 

• Überlege dir, wie du Minuspunkte rechnest (Tipp: Einen Boden definieren und, wenn dieser 

berührt wird, abziehen) 

• Die Früchtefiguren gehen immer in eine Zufallsposition bei y=180  zurück. 

 

Gruppe 2) Apfelernte 

Programmiere ein Spiel bei der eine Katze Äpfel von einem Baum erntet. Die Katze soll über die Pfeil-

tasten gesteuert werden. Für jeden Apfel, den die Katze sammelt, bekommst du einen Punkt und die 

Katze wächst. Die Äpfel sollen zu zufälligen Zeitpunkten vom Baum fallen. Wenn ein Apfel die Katze 

berührt, bekommst du einen Punkt und soll danach gelöscht werden. Fällt der Apfel zu Boden, wird 

er ebenso gelöscht. Das Spiel soll 50 Sekunden dauern. Die Katze soll am Ende des Spiels sagen, wie 

viele Punkte gesammelt wurden. 
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Tipps zur Programmierung: 

• Du benötigst 3 Figuren (Katze, Baum, Apfel) 

• Da der Baum auch ein Objekt ist und die Katze nicht verdeckt werden soll, brauchen wir 

«komm nach vorn» (findest du bei Aussehen). 

• Erstelle nur einen Apfel und klonen diese. Erst, wenn der Code für einen Apfel programmiert 

wurde, wird er geklont. 

• Du benötigst zwei Variablen (Punkte und Stoppuhr) 

 

Gruppe 3) Ballonjagd 

Programmiere ein Spiel, bei dem Ballons abgeschossen werden sollen. Die Ballons sollen zufällig auf-

steigen. Nun soll der Spieler mit der Maus den Ballon abschießen (draufklicken). Erwischt er ihn, be-

kommt man einen Punkt. Berührt der Ballon den Bildschirmrand ist das Spiel vorbei. Das Spiel endet, 

wenn ein Ballon den Bildschirmrand berührt oder, wenn die Stoppuhr abgelaufen ist. Gib am Ende 

aus, wie viele Punkte erreicht wurden 

Tipps zur Programmierung: 

• Erstelle nur einen Ballon und klonen diese. Erst, wenn der Code für einen Apfel programmiert 

wurde, wird er geklont. 

• Du benötigst zwei Variablen (Punkte und Stoppuhr) 

 

Gruppe 4) Weltraumrennen 

Programmiere ein Spiel, bei dem ein Raumschiff einen Stern fangen soll. Das Raumschiff soll mit den 

Pfeiltasten gesteuert werden. Der Stern soll zufällig auftauchen. Wenn der Stern vom Raumschiff be-

rührt wird, bekommst du einen Punkt und der Stern verschwindet und taucht an einer anderen zufäl-

ligen Stelle wieder auf. Immer, wenn 2 Sekunden vergangen sind und der Stern nicht berührt wurde, 

soll er verschwinden und woanders im Bild wieder auftauchen. (Tipp: Benutze hierfür eine Stoppuhr. 

Du findest diese in der Kategorie: Fühlen. Achte darauf, dass die Stoppuhr auch  wieder zurückge-

stellt wird). Jedes Spiel soll nur eine Minute dauern. Wenn die Zeit abgelaufen ist, soll das Spiel ge-

stoppt werden (Tipp: Erstelle dafür eine Variable) 
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Gruppe 5: Jump’N’Run- Spiel 

Programmiere ein Spiel, bei der die Katze entlang einer Straße läuft. Die Katze soll mittels Pfeiltasten 

gesteuert werden. Wird, die Leertaste gedrückt, springt die Katze hoch und landet wieder an dersel-

ben Stelle. Auf die Katze kommen immer wieder Autos zu. Die Katze muss über diese Autos drüber 

springen. Berührt die Katze das Auto, ist das Spiel vorbei.  

Tipps zur Programmierung: 

• Erstelle nur ein Auto und klont dieses. Erst, wenn der Code für ein Auto programmiert wurde, 

wird er geklont. 

• Die Autos sollen verschwinden, wenn sie die Wand berühren 

 

Gruppe 6: Ping-Pong 

Programmiere ein Spiel, bei dem du mit einem Balken einen Ball steuerst. Der Ball fällt vom Himmel 

und kann mittels Balken aufgefangen werden. Berührt der Ball den Balken, soll er nach oben hin weg-

prallen. Berührt der Ball den Spielfeldrand, prallt er ab. Berührt der Ball den Boden, hat man verloren 

und das Spiel ist vorbei. Der Balken soll dabei mittels Mausbewegung gesteuert werden. Definiere 

dazu den Y-Wert des Balkens zu Beginn.  
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8.1.2.2 Role description pair programming 

ROLLENVERTEILUNG DRIVER – NAVIGATOR 

Driver: 

• Person programmiert aktiv und konzentriert sich darauf kleine, unmittelbare Ziele zu errei-

chen und ignoriert zunächst größere Problem 

• Kommuniziert mit Navigator die einzelnen Arbeitsschritte (was mache ich gerade) 

 

Navigator: 

• Beobachte die Arbeit des Drivers 

• Überprüfe fortlaufend den Code 

• Gib Verbesserungsvorschläge und teile deine Gedanken 

• Behalte das große Ganze  im Blick und arbeite darauf hin. 

• Mache dir Notizen, bei gröberen Probleme 

Wechselt nach 20 Minuten die Rollen 

 

8.1.2.3 Task descriptions Python 

Aufgaben Programmierung mit Python) 

1) Schreibe ein Programm, welches Celsius in Fahrenheit umwandelt bzw. Fahrenheit in Celsius: 

a. Das Programm soll zunächst danach fragen, ob Celsius in Fahrenheit (1) oder Fahren-

heit in Celsius (2) umgerechnet werden soll. 

b. Danach soll der User die entsprechende Zahl eingeben. 

c. Auf Basis dessen soll die Berechnung im Hintergrund durchgeführt werden. 

d. Das Programm soll ausgeben. X Grad Celsius entsprechen Y Grad Fahrenheit bzw. X 

Grad Fahrenheit entsprechen Y Grad Celsius 

Tipp:  

• Celsius = 5/9 * (Fahrenheit - 32). 

• Fahrenheit = (9/5 × Celsius) + 32. 

• Benutze zur Fallunterscheidung die if-else Verzweigung. 
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2) Schreibe ein Programm, welches die Zahlen von 1 bis zu einem beliebigen Wert summiert. 

a. Das Programm soll zunächst danach fragen, bis zu welcher Zahl summiert werden 

soll. 

b. Das Programm soll danach alle Zahlen inklusive dem genannten Wert erhöhen.  

c. Das Programm soll ausgeben: „Die Summe der Zahlen von 1 bis X beträgt Y“. 
Tipp: 

• Die Verwendung einer while Schleife kann hier sehr hilfreich sein! 

 

3) Schreibe ein Programm, das eingibt, wie oft ein bestimmter Buchstabe in den Vornamen eu-

rer Klassenkolleg:innen vorkommt. 

a. Das Programm soll zunächst nach den Vornamen der Klasse fragen. 

i. Speichere die Vorname in einem sogenannten Array. Diesen kannst du erzeu-

gen, indem du zB folgendes schreibst: 

namen = ["Susi", "Max", "Peter"] 

b. Das Programm soll dann danach fragen, welcher Buchstabe gezählt werden soll. 

c. Nachdem das Programm dann durch den Array durchgelaufen ist und gezählt hat, 

wie oft der gewählte Buchstabe vorkommt, soll es folgende Meldung ausgeben: 

„Der Buchstabe „X“ kommt Y-mal in unserer Klasse vor“ 

 Tipp: 

• Die Einträge im Array kannst du mit einer Schleife durchlaufen. Beachte, dass immer 

mit 0 zu zählen begonnen wird (erster Eintrag = 0-ter Eintrag). 

• Um innerhalb der Einträge die Buchstaben durchzulaufen, brauchst du eine weitere 

Schleife 

• Erstelle eine Variable, die zählt, wie oft ein Buchstabe vorkommt und immer dann 

erhöht wird, wenn der Buchstabe im Wort vorkommt. 

• Damit auch Großbuchstaben erkannt werden, gibt es den Befehl lower(), also zum 

Beispiel: 

name = „Susi“ → name.lower() = „susi“ 
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8.1.3 Final quiz 

1. Du möchtest einen Befehl in deinem Code öfters durchführen, welches Programmierkonzept, 

dass wir in den letzten Stunden besprochen haben, eignet sich, um dies zu realisieren? 

„Schleife“ 

2. Du möchtest eine Variable in Python erstellen, welche der folgenden Optionen ist korrekt? 

a. variable x = 10 

b. x := 10 

c. x = 10 

d. def variable 10 

3. Mit welchem Befehl in Python erstellst du eine Bedingung (wenn x, dann y)? Gib bitte nur 

den Befehl an und nicht den gesamten Code! If 

4. Der folgende Befehl in Python überprüft, ob die Variable x den Wert 5 enthält: x = 5 

a. Richtig 

b. Falsch 

5. Ordne die Scratch Blöcke der jeweiligen Funktionsweise zu: 

1 If ____- then ______- els ….  2 Wiederholt einen Block solange, 

bis eine bestimmte Bedingung 

eintrifft 

2 Repeat until _________ 4 Stellt eine Nachricht am Bild-

schirm da 

3 Set x to _________ 3 Speichert eine Variable x mit ei-

nem bestimmten Wert 

4 Say „Hello“  1 Führt einen Block unter einer be-

stimmten Bedingung aus 

6. Was gibt der folgende Python code aus? A 

x = 3 

if x > 2: 

    print („A“) 

else: 

    print („B“) 

7. Welchen der folgenden Variblentypen gibt es in Scratch NICHT? 

a. Zahl 

b. Liste 

c. Boolean 

d. Funktion 



[74] 

8. Warum funktioniert der folgende Python code nicht? Es fehlt der Doppelpunkt nach der 

Klammer 

def add_number (a, b) 

    return a+b 

9. Was ist der Hauptzweck einer Funktion beim Programmieren? 

a. Um einen einzelnen Wert zu speichern 

b. Um mehrere Befehle mehrfach auszuführen, ohne diese im Code wiederholen zu 

müssen 

c. Um eine Schleife zu erzeugen 

d. Um eine neue Variable zu erzeugen 

10. Was ist der Unterschied zwischen einer Bedingung (IF) und einer Schleife (while)? 

a. Eine Bedingung führt den Code mehrfach aus, während eine Schleife den Code nur 

einmal ausführt 

b. Eine Schleife überprüft eine Bedingung und läuft nur, wenn die Bedingung wahr ist, 

während eine Bedingung (If-Anweisung) endlos läuft 

c. Eine Schleife wiederholt einen Code mehrfach, während eine Bedingung einen Code-

teil nur dann ausführt, wenn die Bedingung auch erfüllt wird 

d. Eine Schleife und eine Bedingung sind dasselbe und werden nur anders geschrieben. 
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8.2 Research Materials 

8.2.1 Self-reflection-sheets 

In the following chapter, examples of reflection sheets used for this research are displayed. If there is 

a request for all reflection sheets, I am ready to provide those by getting in touch with me. 

8.2.1.1 Self-reflection-sheets ChatGPT vs me (Examples) 
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8.2.1.2 Self-reflection on pair programming (examples) 
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8.2.2 Programming assignments of students 

In the following chapter, examples of the programs developed by the students and used for this re-

search are displayed. If there is a request for all programs, I am ready to provide those by getting in 

touch with me. 

8.2.2.1 Scratch 

8.2.2.1.1 Game1 
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8.2.2.1.2 Game2 

 

 



[84] 

8.2.2.1.3 Game3 
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8.2.2.1.4 Game4 
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8.2.2.1.5 Game5 
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8.2.2.2 Python Programs (Examples) – Pair Programming with Human Partner 
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