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Abstract 

This study investigates the challenges and potential of a cross-age peer tutoring program in the satellite 
laboratories of the teutolab-robotic out-of-school laboratory for the participating tutors based on six 
guided interviews, which were analysed using Mayring's summarising content analysis. The categorisation 
focused on the challenges associated with the new role as a teacher, the tutors' self-assessments of their 
generic competencies, and the potential of the satellite labs to promote these competencies. The results 
show that the tutors especially perceive challenges in classroom management and their relationship with 
the younger students and that they respect their work as tutors, particularly at the beginning of the project. 
Furthermore, they recognise the opportunity to contribute their strengths to the satellite laboratories and 
the potential of the project to promote weaker skills and abilities. 
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1. Introduction 

The shortage of teachers is a far-reaching problem affecting the education system in North 
Rhine-Westphalia. In recent years, this shortage of qualified teachers has become increasingly 
severe and represents a significant challenge for schools, students, and parents (Köller et al., 
2023). Particularly in computer science instruction, a patchy and understaffed picture is evident 
throughout Germany (Schröder et al., 2022). The compulsory nature and availability of computer 
science instruction at the lower secondary level vary widely among the states in Germany. 
Currently, there are about 10,000 computer science teachers in the country. More than twice as 
many teachers would be needed to reach the level of the leading states of Mecklenburg-Western 
Pomerania and Saxony concerning teaching provision in school computer science (Schröder et 
al., 2022). The introduction of a compulsory subject in computer science in the 5th and 6th grades 
in North Rhine-Westphalia will also increase the additional demand in this respect. The teacher 
shortage in NRW is the product of a combination of factors such as demographic trends and 
teacher retirements (Köller et al., 2023). Another important aspect is the attractiveness of the 
teaching profession. High workloads, lack of opportunities for promotion and development, and 
comparatively low pay contribute to the fact that many graduates from other disciplines do not 
consider a career as a teacher (Koch, 2023). The shortage of qualified teachers has various 
implications for the education system in NRW. One of the most obvious consequences is the loss 
of instructional time; this affects students' progress and can have long-term effects on their 
education and future opportunities (Köller et al., 2023). In addition, the shortage of teachers leads 
to an increased workload for the remaining teachers. They often have to work overtime and have 
less time for individual attention and support for students. This can lead to a deterioration in the 
quality of teaching and harm teachers' motivation. Comprehensive measures are needed to 
address the shortage of teachers in NRW. First, it is essential to increase the attraction of the 
teaching profession and to provide prospective teachers with realistic career ideas. In addition, 
greater efforts should be made to attract more young people to the teaching profession. This is 
where peer tutoring can come in and give students a first insight into the work of a teacher so that 
career aspirations in the teaching profession can be sparked or strengthened. 

In peer tutoring, the nature of tutor-tutee interaction differs significantly from teacher-
student interaction. Tutors and tutees interact at eye level and are peers. They share socialisation 
experiences, perspectives and concerns similar to students. In contrast to the hierarchical 
relationship between teachers and students, the tutor-tutee interaction is based on a friendly 
relationship. Research shows that this interaction is a two-way give-and-take between learning 
partners (Fogarty & Wang, 1982). The fact that tutors still need formal training in pedagogy does 
not necessarily mean that their interaction with tutees is less effective (Korner, 2015). However, 
Topping (2005) and Cohen (1982) emphasise that structuring tutoring programs is extremely 
important. According to Topping, results are very good when tutoring is carefully organised, and 
the method is precisely tailored to the context being addressed. The structuring should consider 
various aspects such as the content, the materials and methods, the time and space frame, and the 
selection of tutors. In addition, the hurdles for tutors should be kept low, and the programs should 
be made attractive. In this sense, the study examines the challenges that peer tutoring poses for 
tutors as well as the potential of peer tutoring concerning the promotion of interdisciplinary 
competencies.  

In the following, the categories derived from the summary content analysis are first defined 
and theoretically considered. The focus is mainly on the presentation of the challenges posed by 
peer tutoring as well as the definition of the generic competencies. These are collected in the 
context of tutors' self-assessments of their strengths and weaknesses, as the non-cognitive 
components of competencies cannot be measured sufficiently (Guggemos, 2016). Finally, the 
qualitative content analysis allows a systematic and rule-guided comparison between the 
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statements of the tutors and the theoretical assumptions. This comparison and the elaboration of 
commonalities and differences, facilitates the control of the theory in practical everyday life. 

2. 

2.1. Cross-Age Peer Tutoring in Satellite Laboratories 

The satellite laboratories are (autonomous) branches of the teutolab-robotic out-of-school 
laboratory, which are carried out at schools. They aim to stimulate the discussion of technical and 
computer science topics and increase interest (Tillmann & Wegner, 2023b). The hardware and 
software components of a physical computing platform allow for a connection of different 
disciplines and offer learners the option to construct, program, and design. The teaching approach 
used in the satellite labs is cross-age peer tutoring. In this type of cooperative learning, while 
peers work together, knowledge is imparted through the interaction of tutors and tutees, as well as 
promoting understanding among the participants (Cockerill et al., 2018). While in cooperative 
learning, responsibility is shared among the involved stakeholders, in (cross-age) peer tutoring, 
there is an imbalance between the knowledge of tutors and tutees in a learning unit, which is 
equalised during that unit with the help of tutors (Ali et al., 2015; Topping et al., 2017). Since 
tutors are closer in age to tutees compared to teachers, they are more responsive to tutees' needs 
and expressions. This increases the willingness of the tutees to ask questions and reduces the fear 
of making mistakes, so that self-confidence and self-assurance increase (ibid.). In addition to the 
positive effect on the tutees, the tutor's organisational skills, as well as their knowledge and 
understanding, are strengthened (Tillmann et al., 2021) as they respond to the tutees' questions, 
resulting in a deeper engagement with the topic, increasing their confidence in their abilities 
(Moliner & Alegre, 2020; Ali et al., 2015). Through the individualised but trained feedback of the 
tutors, knowledge building is also achieved and communicated (Topping, 2017; Ali et al., 2015). 
In addition to the positive effects for the individual participants, general positive effects are 
attributed to peer tutoring. As a result of increased communication, not only are relationships 
between peers strengthened, but heterogeneity within groups can be addressed, too (Topping et 
al., 2017). In addition, teachers present can provide support and contribute to the exchange of 
experiences in the tutor groups (Topping et al., 2017). For the peer tutoring approach to run 
smoothly, training in content preparation and classroom management of the tutors is essential (Ali 
et al., 2015). At teutolab-robotic, tutors are prepared at regular intervals. In the tutor training 
sessions, skills and abilities for classroom and class management are trained since, in addition to 
the technical content, sufficient preparation for teaching is also essential (Scharfenberg & Bogner, 
2013). Which skills the prospective tutors already bring with them, which skills they consider 
particularly important in the context of their work, and which skills are promoted by participation 
in the project will be considered in the context of the study presented here.   

2.2. Concept of competence 

Over the years, the concept of competence has not shown a unique definition, although it is 
increasingly used (Maag Merki & Grob, 2003; Röhr-Sendlmeier & Käser, 2017). In the 
meantime, it has also found its way into schools; educational standards and curricula specify 
which competencies students acquire in the respective subjects (KMK, 2009; MSB, 2019). Here, 
the competencies represent skills and abilities that can be learned and are based on knowledge 
(KMK, 2009). In addition, motivation, social skills, and attitudes should enable one to 
successfully cope with challenges (ibid.). Weinert (2001) attempted a general definition of 
competencies. According to this, competencies conclude on abilities and skills that occur in 
dealing with different circumstances, whereby these are necessary for the achievement of a goal 
(ibid.). As a result, the inclusion of effects such as motivational or social aspects is omitted. 
Extending this definition, the acquisition of competencies, according to Klieme (2004), represents 
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a process whereby the linking of knowledge and skills is placed in the foreground. Regarding 
educational standards, the ability is based on knowledge (Klieme, 2004; KMK, 2009). While 
Röhr-Sendlmeier and Käser (2017) take up the aspect of knowledge, which is combined with 
action to form skills, Maag Merki and Grob (2003) again take up action by defining competencies 
both as the ability to act in concrete situations and as characteristics of people that are necessary 
to cope with challenges. Thus, affective traits such as interest are also considered so that 
competencies in this understanding include human experience and expertise (Röhr-Sendlmeier & 
Käser, 2017). For a clear definition of competencies in this paper, there should be a balancing of 
necessary factors, with action being a crucial aspect to measure competencies (ibid.). 
Nevertheless, the definitions presented have commonalities that allow for further narrowing. On 
the one hand, competencies serve to deal with challenges and tasks and thus to achieve specific 
goals. On the other hand, people are attributed based on competencies and possibilities to deal 
successfully with certain situations. In addition to knowledge, the systematic development of 
skills is added to the definition. Especially concerning the German Qualifications Framework 
(DQR), the necessity of integrating skills into the definition becomes visible as competencies are 
defined underneath (BMBF, 2013). 

2.3. Interdisciplinary competences 

A clear definition of generic competencies is complex. When considering the change from 
competencies to generic competencies, it is necessary to examine which prerequisites 
competencies must fulfil to be considered generic (Rychen, 2003). When switching, it should be 
noted that generic competencies, on the one hand, are found in variable overarching situations 
and describe the ability to cope with them, and on the other hand, allow coping in interaction with 
other individuals, whereby both interaction partners gain an advantage by doing so (Rychen, 
2003; Maag Merki & Grob, 2003). For these requirements, in addition to dealing with mentally 
complex situations, dealing with attitudes is considered (ibid.). While the effects of generic 
competencies cannot be identified, there is the possibility of developing reference systems as a 
framework for determining individual competencies (Maag Merki & Grob, 2003). In addition, the 
need for such a framework becomes apparent when considering the rapid change of the individual 
components of life, making (generic) competencies necessary to deal with change (CoEU, 2006). 
Like the classification of subcategories according to Weinert (2001), the German Qualifications 
Framework (DQR) or European Qualifications Framework attempts to categorise competencies 
and make them transparent across educational systems (Weinert, 2001; BMBF, 2013). The DQR 
differentiates between professional competence and personal competence (BMBF, 2013). While 
professional competence is subdivided into knowledge and skills, which include both the 
knowledge and the application of these, personal competence describes the ability of one's further 
development in different contexts (ibid.). The subdivision of personal competence into the 
subcategories of social competence and independence, as well as their further subdivisions, are 
visualised in Figure 1. 

In the definitions of the individual categories, competencies are equated as abilities 
attributed to a person (ibid.). More broadly, social competence is considered a function of a social 
situation in which interaction with fellow human beings takes place. A dutiful and rational 
interaction with others influences one's environment (ibid.). Social competence can be 
complemented by interpersonal competence, according to Maag Merki and Grob (2003), as these 
also assume abilities that include cooperation with others, assumption of responsibility, and 
communication, which are integrated with the subcategories of team ability and communication. 
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Figure 1: Classification of personal competencies into social competence and independence as 
well as their subcategories (according to BMBF, 2013). 

 
Team ability refers to an individual's ability to work with other individuals cooperatively 

toward a common goal. Cooperative working includes a mutual exchange of knowledge in 
addition to making joint decisions and respectfully incorporating opinions (CoEU, 2006; Rychen, 
2003; BMBF, 2013). In addition to the classification of this ability in interpersonal competence, it 
can also be found in the category of interaction in heterogeneous groups, according to Rychen 
(2003), whereby the latter assigns the team ability to an individual instead of an entire group 
(Maag Merki & Grob, 2003; Rychen, 2003). In the Official Journal of the European Union 
(CoEU) (2006), team ability is not explicitly described. Instead, individual aspects of the above 
definition are found in competencies such as learning to learn social competence (ibid.). Across 
the country, this competency is of high importance in the education system, and it is also essential 
in satellite laboratories. Here, the challenge lies mainly with the tutors in that they must make an 
agreed-upon lesson progression with different role assignments, and each member must be 
included and respected (Rychen et al., 2002). Tutees also face such challenges when they take on 
different roles in cooperative work phases and work toward an expected outcome, requiring them 
to share their insights and make joint decisions. 

Leadership ability is used to describe the ability of an individual to exert an influence on 
other individuals in a group and thus influence their behaviour. In the group, in addition to 
dealing with conflicts and their solutions, there is a prioritisation of the central conflict issues as 
well as the identification of new opportunities (CoEU, 2006; Rychen, 2003; BMBF, 2013). While 
this ability, according to Rychen (2003), is assigned to interaction in heterogeneous groups, in 
whose category, among other things, the ability to work in a team also falls, the Council of the 
European Union sees it as an independent competence (Rychen, 2003). The latter also includes 
risk-taking, which is less of a challenge in satellite laboratories than dealing with conflicts, such 
as classroom disruptions, in which tutors must act (CoEU, 2006). 

Dealing with different evolving circumstances, both in the cultural context and technology, 
describes the ability to co-create. In addition to being proactive, this ability is attributed to 
recognising opportunities contributing to co-creating the environment (CoEU, 2006; BMBF, 
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2013). While the cultural and technological aspects are gathered in this definition, the Council of 
the European Union (2006) divides it into digital literacy and initiative and social literacy. All 
aspects together form a crucial challenge in the satellite laboratories because the tutor's initiative 
requires, in return, the involvement of the tutees in a new environment with teaching students. 
Tutors are confronted with the integration of their ideas and their distribution of tasks within their 
groups, whereas tutees are confronted with new methods of teaching. 

Communication, as the last subcategory of social competence, describes the ability to 
exchange information and communicate in native and foreign languages and digital environments 
such as social networks. The exchange of information always takes place during interaction 
between individuals so that language is mastered and used according to the situation on the one 
hand, and information is interpreted and integrated according to the context on the other (CoEU, 
2006; BMBF, 2013). While Maag Merki and Grob (2003) classify communication as an 
immanent component of interpersonal competence, the Council of the European Union (2006) 
distinguishes between digital, native language, and foreign language competence. Internationally, 
communication also shows a high value, but native language and communication competence are 
considered separately (Rychen et al., 2002). In the school environment, communication is crucial 
and forms a separate (process-related) area of competence, essential for developing other 
competencies (MSB, 2019). In the context of satellite laboratories, communication presents a 
particular challenge because tutors must convey information in an age-appropriate manner, while 
tutees must interpret it. Conversely, tutees must be able to clearly express questions and problems 
so that tutors can offer appropriate assistance. 

Another area of competence in addition to social competence is independence, which is 
understood to mean one's ability to act, independence, and reflection on actions (ibid.). 
The ability to make independent decisions and to defend one's interests is expressed in the 
competence of autonomy (Rychen, 2003; BMBF, 2013). Decision-making describes both 
autonomous information gathering with appropriate sources in variable situations and organising 
own learning processes (CoEU, 2006; Rychen, 2003). The latter enables one to make appropriate 
decisions in different settings, such as choosing the appropriate amount of a learning unit on the 
weekend to strike a balance with free time (CoEU, 2006). In addition, this ability expresses, 
besides one's acceptance, the handling of different feelings (Maag Merki & Grob, 2003). Thus, a 
consumed judgment by negative feelings will lead to losing autonomy, so dealing with such 
feelings is crucial. In particular, the organisation of one's learning processes becomes clear 
concerning the preparations of the tutors, who, in addition to the training days, independently 
repeat the contents before the respective satellite laboratories. 

Furthermore, responsibility, as the following subcategory of autonomy, describes one's 
ability to show a willingness to participate in social activities, which take place due to the 
assessment of possible risks, in addition to a risk assessment about the environment but also 
digital media (CoEU, 2006; Maag Merki & Grob, 2003; BMBF, 2013). Risk assessment is 
particularly evident in digital literacy, where users must question the safety of the Internet and its 
possibilities (CoEU, 2006). According to Maag Merki and Grob (2003), the competence of 
responsibility is seen as a component of society-related competencies. Especially according to 
Rychen (2003), when using tools, responsible and effective handling is needed. While 
responsibility is a challenge for the tutees in the satellite laboratory since they increasingly work 
with digital systems and have to assess the risks in the event of deviations, the challenge for the 
tutors is to check the tutees' systems and assess the consequences of incorrectly assembled 
components, for example. 

Reflectivity describes the ability to take a critical stance about one's thoughts and actions, 
whereby changes and their effects on one's goals and future are reflected upon and learned from 
(CoEU, 2006; Rychen, 2003; BMBF, 2013). To ensure reflection, dealing with change is assumed 
as much as understanding norms (Rychen, 2003; BMBF, 2013). The critical stance is increasingly 
visible in the Council of the European Union's competence of learning to learn (CoEU, 2006). In 
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the satellite laboratory, tutors are required to reflect, critique, and learn from the lesson and 
possibly unplanned situations for the next lesson to facilitate a smooth lesson process. 

The last category examined here includes learning competence, which describes the 
ability to engage with the acquisition of competencies (CoEU, 2006; BMBF, 2013). The 
examination consists of realistic assessments of one's strengths and weaknesses with the 
respective competence, the development of learning opportunities, and the use of knowledge to 
achieve goals and improved competencies (ibid.). Due to the learning process, which is constantly 
progressing, this competence is assigned to lifelong learning (Rychen et al., 2002). While the 
tutors in the satellite laboratory have a reflective attitude of their competencies in dealing with a 
group of tutees and their attention, in connection with their role within the satellite labs, they can 
open further possibilities for increasing competencies. This includes, among other things, 
concluding the methods used on the learning behaviour of others and the resulting consequences 
for their handling of the method. 

The Satellite Laboratories project works according to the design-based research approach 
and tries to include as many practitioners as possible in the evaluation process. While previous 
studies focused on the participating students (Tillmann & Wegner, 2023a, 2023b), the present 
study focused on the attitudes of the tutors active in the project in the context of an interview 
study. The analysis of the interview data focuses on the following research questions: 

 What challenges do the tutors perceive when teaching within the satellite laboratories?  

 How do the tutors rate their competencies in teaching within the satellite laboratories? 

 Which competencies do the tutors perceive to be fostered by participating in the satellite 
laboratories? 

3. Methods 

3.1. Participants 

Students in grade 9 of a secondary school participated in the project. The selection of the 
students was influenced by legal factors (e.g., signed consent of a parent or guardian) as well as 
the voluntary nature of the participation. Table 1 provides information about each participant and 
describes the code for the interview quotes. 

Table 1. Participants' gender, age, grade level, and code. 

Participant Gender Age Grade Code 
1 F 15 9 P1F15 
2 M 14 9 P2M14 
3 F 15 9 P3F15 
4 M 15 9 P4M15 
5 F 14 9 P5F14 
6 M 15 9 P6M15 

Data Collection 

As part of this survey, guided interviews were conducted with six students in April 2022. All 
interviews took place in a private room at school with the same interviewer to ensure 
comparability. Interviews were recorded as *.mp3 files using the Olympus LS-14 recorder and 
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lasted between 23 and 28 minutes. The interviews were then anonymised using the MAXQDA 
program and transcribed according to the standards described by Rädiker and Kuckartz (2019). 
The transcripts were analysed using qualitative content analysis by two independent coders by 
Mayring (2015). The summary method was used, as it compresses the transcripts to the essential 
statements, and categories are formed inductively on the material. For this purpose, Mayring 
(2015) describes three macro-operations: Paraphrasing, generalisation, and category formation. 
To test the quality of the analysis, the intercoder reliability of the two independent coders was 
calculated at the segment level. The percentage of the overlapping area of two coders was used as 
a criterion. The calculation of the intercoder reliability at a 75% agreement resulted in κ = 0.77. 
According to Landis and Koch (1977), this can be considered a substantial agreement. 

4. Results 

Summary content analysis aims to systematically work through and analyse text documents 
to capture important information. In several condensation steps, the statements are condensed, 
and categories are inductively formed. This finally results in a category system or the coding 
guide with the naming of the main and subcategories. The results of the summary content analysis 
are described in Table 2.  

Table 2. Result of the summary content analysis with presentation of the central and 
subcategories as well as the frequency of the code assignments. 

Main Categories Subcategories   Code 

Motives (K1) 

Commitment (Certification)   (n = 2) K1.1 

Interest (Vocational) (n = 5) K1.2 

Interest (Technical) (n = 10) K1.3 

Role change (n = 8) K1.4 

Teaching Teams  (n = 2) K1.5 

Knowledge transfer (n = 8) K1.6 

Challenges (K2) 

Classroom-Management (n = 18) K2.1 

Expertise (n = 6) K2.2 

Group size (n = 3) K2.3 

Tutor-Student-relationship (n = 9) K2.4 

Nervousness (n = 12) K2.5 

Knowledge of participants (n = 6) K2.6 

Expenditure of time (n = 7) K2.7 

Tutor Skills  
Social Competences (K3) 

Empathy (n = 2) K3.1 

Leadership Ability (n = 2) K3.2 

Communication (n = 5) K3.3 

Presentation competence (n = 5) K3.4 

Team Ability (n = 6) K3.5 

Tolerance (n = 4) K3.6 

Tutor Skills  
Independence (K4)  

Resilience (n = 2) K4.1 

Technical Knowledge  (n = 3) K4.2 

Creativity  (n = 2) K4.3 

Organisation (n = 4) K4.4 
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Knowledge transfer (n = 7) K4.5 

Promotion of competencies 
(K5) 

Resilience (n = 1) K5.1 

Decision-making ability (n = 4) K5.2 

Technical Knowledge (n = 2) K5.3 

Critical faculties (n = 2) K5.4 

Presentation competence (n = 1) K5.5 

Team Ability (n = 4) K5.6 

 
The analysis of the data material inductively resulted in the main categories of motives, 

challenges, social competencies of the tutors, independence of the tutors, and promotion of 
competencies. The main categories were subdivided into subcategories, e.g., the main category 
challenges were subdivided into the subcategories classroom management, expertise, group size, 
tutor-student-relationship, nervousness, knowledge of the participants, and time expenditure. 
Table 3 shows an example of the creation of a subcategory using the tutor-student relationship as 
an example. Paraphrasing refers to the rephrasing of text statements to make them more precise 
and more concise. This allows the content to be presented more understandably and avoids 
unnecessary redundancy. In summarising, long passages are often paraphrased to streamline the 
text and focus on the essentials. 
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Table 3. Paraphrasing of interview statements on the subcategory tutor-student relationship. 

Category Subcategory Quote Paraphrase 

C
ha

lle
ng

es
 

tu
to

r-
st

ud
en

t r
el

at
io

ns
hi

p 

“[...] I sometimes had the fear that you would not get along with the fifth 
graders, so to speak, that you would then come across as not so exciting or not 
so good a teacher, [...]”  

(P1F15, Pos. 25) 

P1F15: How do I get through to the students? 

“[…]We didn't have much respect, so we were a bit annoyed when no one 
listened and so on.“ 

(P2M14, Pos. 38) 

P2M14: Different types of students 

“[…]Some of the students there just didn't listen to you at all and answered 
very, I'll say // okay, maybe insulting would be too much to say, but very 
sarcastically and so on. […]“ 

(P2M14, Pos. 38) 

P2M14: Partially challenging students 

“At first, I found it a bit (.) difficult to understand somehow (.) how we should 
relate to the fifth graders. Or how we should deal with them, […]“  

(P3F15, Pos. 26) 

P3F15: Relationship between tutors and tutees not 
clear at the beginning 

“[…]So first you had to get to know the pupils and (.) but you already noticed 
in the first lesson that there were some (.) troublemakers.“  

(P4M15, Pos. 24) 

P4M15: Different types of students 

“[…]especially because you're not much older than, um, the fifth graders, so 
it's not so teacher-student-like, […]“  

(P5F14, Pos. 16) 

P5F14: Do the pupils perceive me as a teacher, 
even if I am not much older? 

“[…]And I was especially also, um, a little worried, c// also a little worried 
about how the fifth graders might find me or perceive me.“  

(P6M15, Pos. 20) 

P6M15: How do I get through to the students? 

"[…]And um, then there's this, because I'm not an adult, I don't have the same 
authority for them as a (.) teacher. […]“  

(P6M15, Pos. 22) 

P6M15: Do the pupils perceive me as a teacher, 
even if I am not much older? 
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5. Discussion 

In the following, the categories found and statements of the tutors will be discussed 
concerning the formulated questions and the theoretical explanations concerning the generic 
competencies. 

What challenges do the tutors perceive when teaching within the satellite labs?  

The tutors perceived challenges on three levels. On the one hand, this concerned their 
abilities and skills and, on the other hand, those of the participating students. In addition, the 
tutors considered the interaction with the students and the relationship with the students in the 
satellite lab.  

Regarding their abilities and skills, one tutor feared: "that I myself will not understand this 
and will not be able to explain this to the fifth graders" (P3F15, Pos. 20). In addition, the 
statement indicated nervousness before the first lessons, which was cited by other tutors in the 
interviews: 

P5F14: […] That's why I was definitely excited and nervous too.                                   
                                                                                                                     (P5F14, Pos. 16) 

P4M15: So first of all, it was a bit exciting, and I was very nervous.    
                   (P4M15, Pos. 24) 

The tutors also wondered how time-consuming participation in the project would be, "I 
also wondered at the beginning whether it would take up so (.) much time" (P3F15, Pos. 18). A 
structured preparation and training concept for the tutors is therefore of particular importance (Ali 
et al., 2015) and is also explicitly called for by some authors (Fogarty & Wang, 1982; Robinson 
et al., 2005). In the preparation of the satellite laboratories (Tillmann et al., 2021), the tutors were 
prepared for the lessons in terms of content, "[n]aturally, we first dealt with the material ourselves 
and did these tasks that the fifth graders did later" (P3F15, Pos. 70), and their technical and 
pedagogical knowledge was trained, "we also talked about the lessons, i.e. how to deal with the 
fifth graders" (P3F15, Pos. 70). In this context, it was also about how specific contents could be 
conveyed to the pupils using the technical equipment. Overall, the tutors feel sufficiently prepared 
by the training days so far: 

P3F15: So I actually think (.) we were taught everything very well.       
                                     (P3F15, Pos. 68) 

P4M15: But otherwise, I thought it was actually quite good, even the worksheets were, 
um, very well structured and the presentation led you (.) super through the lessons.  

                     (P4M15, Pos. 68) 

However, the tutors stated that they needed more intensive training in dealing with the 
younger pupils: 

I: Um (.) What would you have to be taught so that everything works even better? 
P2M14: (in.) Sounds or works even (in.) //  
I: Works (in.). Works even better. 
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P2M14: So what you could perhaps do more intensively is things like communication 
skills or similar things. [...] But maybe, even more, something like, um, how you can deal 
directly with the pupils or so (.) in this area so that it would work even better.         

     (P2M14, Pos. 77-80) 

This desire for support was also expressed in other statements made by the tutors about 
taking on the role of teacher. In addition to the concern about the tutor's effect on the students and 
his or her ability to convey the lessons in an exciting way (cf. P1F15, Pos. 25), for some tutors the 
challenge was to gain the attention of the students - "to make oneself heard when the class is not 
paying attention" (P5F14, Pos. 20) - and to take the lead in the lessons - "Then (.) um, to teach 
there as well, that is not always easy. And also (.) um, (to say) then to take the lead in the lessons" 
(P4M15, Pos. 8). This showed that the tutors first had to grow into their new role as teachers. 
Teaching was a new experience for the tutors, in which they were tested by the younger pupils, 
who tested their limits and observed and evaluated the reactions of the tutors (Tillmann & 
Wegner, 2023a). 

To overcome these challenges, tutors need a permanent on-site contact person (Topping et 
al., 2017). In addition to supporting the tutors under challenging situations or organising the 
satellite labs at the respective project schools, they can act as external experts and intervene in 
conveying or consolidating misconceptions (Ding & Harskamp, 2011) and support the tutors in 
cases of uncertainty. In the interviews, one tutor said that she lacked certainty as to whether all 
students understood what she had explained: 

P5F14: It is, um, difficult to assess, um, whether you have explained something enough, 
for example, um, or so, whether everyone has understood it or whether you have to 
explain it again or how much you have to do on a specific topic.         (P5F14, Pos. 26) 

In this context, the tutors mentioned difficulties due to the lack of (prior) knowledge of the 
students, but also the communication of knowledge in the "language of the other person". It could 
have been clearer to the tutors what knowledge they presupposed from the students or what 
knowledge they could build on. 
 
Table 4. Interview statements on difficulties regarding (pre-)knowledge and knowledge transfer 

(Prior) knowledge of the younger students Transfer of knowledge to younger students 
“Um, another fear was that, um, they might not 
understand directly or (.) some need more help than 
others."                
                                                      (P4M15, Pos. 26) 
“Well (.) fifth graders don't have the same 
understanding as (.) I do now, for example." 

                                (P6M15, Pos. 24) 

„[…],that you have to know somehow how (.) how 
to explain it in their world“                                 
                                                      (P2M14, Pos. 54) 
 
"That you can convey it to the other person's world, 
so to speak […]“                             

    (P2M14, Pos. 60) 

 
Communication between tutors and tutees is a crucial factor for successful cross-age peer 

tutoring (Tillmann & Wegner, 2023a) and should be trained in advance if possible (Ding & 
Harskamp, 2011). Galbraith and Winterbottom (2011) suggest that some tutors in their study 
reflected on their learning process to set appropriate understanding anchors for the tutees and help 
them find the answer without telling them. 
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How do the tutors rate their competencies in teaching within the satellite laboratories? 

During the interviews, the tutors were first asked which skills and abilities they consider to 
be particularly important when it comes to guiding a group of pupils or children and young 
people. The central skill they identified was imparting knowledge or explaining: 

I: And if you had to single out the most important skill of all, what would it be? 
P2M14: Explaining. 
I: Okay (.) Why? 
P2M14: Because, as I said, um, it is simply this ability or these characteristics, a piece of 
information (..) that is perhaps somehow packaged in a way that I don't directly 
(understand) // um, others would understand [...] That you convey this in such a way, 
quasi into the world of the other, [...] So that you make it accessible for them, so that they 
can then build on it, um, further things. That's why I would say that explaining is the most 
important thing.                     

(P2M14, Pos. 57-60) 

In another interview study with tutees (Tillmann & Wegner, 2023a), the quality of the 
tutors' explanations was assessed very differently. While some students stated that the tutor's 
explanations were entirely accurate, others thought that the explanations could be even better. 
They also stated that the tutors did not digress from the topic but got more to the point than the 
regular teachers. The other statements regarding essential skills can be assigned to the following 
areas: 
 

Table 5. Interview statements about essential skills and abilities of teachers and tutors. 
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”And (...) you should definitely be able to work in a team, especially when you have to 
clarify who does what and who helps whom and so on" (P3F15, Pos. 44)                                                       
                                                                                                                         

“Um, what is also important is that you are cooperative with the pupils, that you don't say, 
um, you do it now and leave me alone with it. But that you really, um, help them when they 
need help" (P6M15, Pos. 50) 
 

C
om

m
un

ic
at

io
n 

“[…]The most important thing is to be able to explain somehow or other. That you can, yes, 
roughly, I would say, present something without having to interrupt all the time or something 
like that. (.) Yes, that is definitely very important. Then also (.) not only being able to explain 
yourself but also to understand what the children might mean or something. I would say to 
put yourself in their shoes" (P2M14, Pos. 44) 

“Um, in any case, um, about // in any case, expressiveness. You have to be able to express 
yourself well and not somehow mumble or something. You have to be able to speak out 
loud” (P4M15, Pos. 36) 
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om
y “You should be organised [laughs]. You should be able to prepare (I: Why?) well, um, 

because you have to prepare the lessons and if you don't do that, you have problems. Um, I 
also noticed that" (P1F15, Pos. 57) 

“Um, also that you (...) just have to have a good, I don't know what it's called, well, that you 
time the lessons in such a way that you get on and that you don't get lost in it [...], that you 
just (...) continue the lessons in such a way that everyone understands it at the end and that 
you keep to the schedule" (P5F14, Pos. 34)                                                                                                                                                        

 
These are also characteristics that Hattie (2009) characterises as significant in his meta-

study about the influence of the teacher on the learning success of the students and attributes great 
effect strengths to them. The three most substantial influencing factors are described as micro-
teaching, teacher clarity, and the teacher-student relationship. Following the Hattie study, the 
popular science magazine sofatutor-magazin asked 1530 teachers in November 2017 what they 
thought makes a good teacher. The conclusion was: 

"A good teacher is always prepared and structured and knows whether to react with 
severity or humour in every situation. However, he or she also regularly questions him- 
or herself and asks for student feedback. In addition, a good teacher always 
communicates clearly, is empathetic and is perceived by students as a confidant, [...]" 
(translated by Sofatutor magazine teachers, 2023) 

In addition to the factors mentioned above, reflexivity and learning competence are two 
further characteristics that are also important in the satellite labs. The tutors sometimes have to 
deal with very variable conditions in the organisational framework of the school – "[...] the PC or 
something was defective or the beamer was newly installed" (P4M15, Pos. 50) - and had to 
master the teaching challenges - "Some students just didn't listen to you at all" (P2M14, Pos. 38) 
–, they are called upon in the tutor training sessions to reflect on demanding situations and to 
develop joint approaches to solutions. This requires, on the one hand, an objective assessment of 
teaching situations, which is difficult for most tutors but can be supported by outside 
observations, and, on the other hand, realistic assessments of their strengths and weaknesses. This 
reflexive attitude was also required in the interviews, as the tutors were asked to assess their 
abilities concerning teaching a group of students in the satellite lab. For this purpose, the tutors 
were able to select two skills from a series of cards in which they saw their strengths and 
weaknesses. 

 

Table 6. Interview statements on the tutors' strengths and the benefits of the activity in the 
satellite laboratory. 

Stärken Nutzen für die Arbeit als Tutor:in 

C
re

at
iv

i
ty

 

“Creativity, um, I think that is important because we have to (.) design the lessons 
creatively// creatively, so that it is most exciting for fifth graders, because I think fifth 
graders need that (.) um so that they can concentrate and also pay attention."                                                                                  
                                                                                                                         (P1F15, Pos. 79) 
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“So maybe a little bit of lesson planning and so on, you can be a little more creative 
sometimes. But (.) otherwise (.) I wouldn't say that it had a big influence on the preparation 
for the lessons" (P3F15, Pos. 64) 

In
de

pe
nd

en
ce

 

“[…]on preparing for the lessons. Um, first of all, you could prepare yourself all by 
yourself, or is it easier for me to prepare myself? And also in the lessons, it was, um, 
sometimes easier to work independently// independently."     
                                                                                                                       (P4M15, Pos. 62) 

“So the independent work, as I said, especially in the preparation, because in the labs 
themselves // actually teamwork is always needed and that's why (.) there is just not so 
much needed.                                                                                                   (P5F14, Pos. 48) 

Te
am

 A
bi

li
ty

 

“So teamwork in any case, because you are a team of student lecturers [...]. Um, because 
you should be able to (..) integrate (..) all opinions (..) have to (..). [...] So who introduces it, 
who introduces it, who wants to do what, and so on. And also divided up, i.e. the pupils (.) if 
there were questions, for example, one took care of it, the other took care of it“ 
                                                                                                                         (P1F15, Pos. 79) 

“Being a team player definitely helped me. So (.) I was also able to get along better with the 
other student lecturers, I think. And I think it also worked quite well with the fifth graders, 
yes" (P3F15, Pos. 62) 

 
The statements reflect individual strengths, which the tutors relate to their work as teachers 

in the satellite lab. Commonalities between the desired/demanded skills and the self-assessed 
strengths of the tutors are already apparent. The tutors see weaknesses particularly in presentation 
skills (cf. P1F15, Pos. 67; P3F15, Pos. 54), decision-making skills (cf. P2M14, Pos. 64; P4M15, 
Pos. 49) and critical faculties (cf. P2M14, Pos. 64; P6M15, Pos. 64). However, they also 
recognise the potential of the satellite laboratories to promote as well as strengthen these abilities. 

I: […] Um, do you think you can, um, in the Sattelor// um, satellite labs, so do you have 
the opportunity to, um, improve the skills, and if so, how?  
P5F14: So I think, yes, definitely. Um, first of all, because they are simply challenged 
there, and if you need them and use them, they probably get better and better overall.                                                                        

       (P5F14, Pos. 39-40) 

In their study of peer tutoring in higher education, De Smet and colleagues (2008) 
characterised three types of tutors - motivators, informers, and knowledge constructors - using 
cluster analysis, with individual tutors' skills reflected in the types. In addition, they note that 
tutees' behaviour depends on the tutor and reflects the tutor's preferred style. 

Which competencies do the tutors perceive to be fostered by participating in the satellite 
laboratories?  

For the tutors, the satellite laboratories represent an offer outside their everyday life (cf. 
P5F14, Pos. 40). Acting as a tutor requires different skills and abilities, which, according to the 
tutors, can be improved through regular use: 

P3F15: It gets better the more often you do it, so to speak.                       (P3F15, Pos. 58) 
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Within the framework of the training days, the tutors acquire (new) specialist knowledge 
and establish links to different subject areas (cf. P2M14, Pos. 74; P3M15, Pos. 58). Topping 
(2005) confirms that peer tutoring programs lead to an increase in academic performance in the 
targeted subject areas if they are organised appropriately. Finally, in satellite labs, age-appropriate 
content delivery to younger students ensures a deeper understanding and more sustained learning 
(Zinn, 2008). To implement the lessons, the tutors deal more intensively with the subject matter 
and the learning content to make it accessible to the students (Tillmann et al., 2021). About the 
organisation of their own learning and preparation processes for the lessons as well as the 
structuring of the actual lessons, the independence – "In lessons, when you, um, have to know [...] 
when to go on with the (.) teaching, with a question or something" (P5F14, Pos. 42) - and 
decision-making ability – "in the satellite laboratory you have to make many decisions, for 
example also at short notice" (P4M15, Pos. 50) – of the tutors is also promoted. Furthermore, the 
training promotes the ability to reflect as the tutors become aware of their actions and critically 
question them. This ultimately leads to moments of realisation, with one tutor noting that "(it) 
[e.g., disrupting lessons, not listening, JT] is not only the smaller ones who do it but also oneself" 
(P2M14, Pos. 66). This also strengthens their critical faculties, as the tutors give each other 
feedback - "because we always helped each other out with what we could do better and so on" 
(P1F15, Pos. 85) – and discuss situations from the lesson together and with guidance. From this, 
the tutors derive alternative courses of action for concrete teaching situations, returning them to 
the satellite laboratories. 

Even though tutoring programs were initially conceived to improve the skills of the tutees 
(Kroner, 2015), Topping (2005) states that tutors and tutees can benefit from the programs. It is 
already known from some studies that tutors benefit more (Fogarty & Wang, 1982; Robinson et 
al., 2005; Topping, 1996). Social and communicative skills and affective functions are addressed 
(Cohen et al., 1982; Rohrbeck et al., 2003). In the interviews, the tutors expressed the influence of 
their work in the satellite laboratory on the following areas in particular: 

1. Presentation Competencies 

P1F15: So you have learned how to make it more exciting, and you can simply apply it. 
And what you yourself find (..) exciting or successful in your presentation, you also apply 
yourself.                                                                            (P1F15, Pos. 75) 

P3F15: I do believe that the fact that we now (..) hold lessons almost every Friday [...] 
(...) already brings something. So, after a while, you realise that you don't always have to 
make presentations so complicated and that if you get to grips with it well enough, it's 
actually relatively simple.                                                   
                                                                                                                     (P3F15, Pos. 58) 

2. Cooperation capability 

P3F15: Because you not only have to be prepared to learn these things that you have to 
learn in (..)half of computer science, but you also have to learn how to deal with the 
students                                                                (P3F15, Pos. 52) 

P3F15: And (..) yes (..) maybe also still a bit of dealing with the fifth graders. Well, I 
mean, somehow you're still learning (..) so yes.   

            (P3F15, Pos. 54) 
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3. Team Ability 

P1F15: The ability to work in a team because you have to agree and [...] not have to keep 
an eye on everything, but because you have to be aware that you are not alone.       
                                                                               (P1F15, Pos. 85) 

P4M15: Yes, in any case, because until now, we had always done it in such a way that 
each of us took over a part of the lesson. Um, maybe we could, um, do it in such a way 
that we work together more, so that not, um, while one of us is talking at the front, the 
others are sitting next to them.                                                     

           (P4M15, Pos. 52) 

6. Limitations and implications 

The interview study examined cross-age peer tutoring in the fixed setting of satellite labs 
with a small sample of tutors. It is, therefore, difficult to make generalised statements that apply 
to all settings, which is different from the aim of the study as qualitative research. Instead, it can 
be seen as an individual case analysis of the development of the tutors involved in the project. In 
their role as tutors, the students adopt a reflective attitude towards their abilities and skills and 
recognise individual opportunities to use their strengths profitably as well as to promote their 
weaknesses through participation in the project. The results presented here confirm the statements 
of the pilot study conducted by Tillmann and colleagues (2021), in which prospective tutors were 
asked what increase in skills and abilities they expected through participation and whether 
participation would influence their future school or professional decisions. Furthermore, it 
confirms the potentials of peer tutoring, which are already known from other subject contexts 
(e.g., biology (Galbraith & Winterbottom, 2011); chemistry (Ding & Harskamp, 2010); 
mathematics (Topping et al., 2003); physics (Zinn, 2008)) and underlines that tutors can act, even 
in content areas that are entirely new to them, if they are sufficiently prepared in advance.  

Furthermore, the challenge remains to objectively measure the interdisciplinary 
competencies of the participants. Guggemos (2016) clarifies that non-cognitive components of 
competencies can still be measured inadequately and are, therefore often, as in the context of this 
interview study, assessed with the help of self-assessments. Finally, there was evidence from the 
interviews that cross-age peer tutoring promoted the tutors' metacognition, as many thought about 
how they could support the tutees' learning and teach content in the tutees' world. It would also be 
exciting, following De Smet et al. (2008), to examine whether the tutors in this project could be 
categorised as having a particular tutoring style, or developed a particular tutoring style when 
accompanying the interaction and learning processes in the satellite labs. These areas could 
provide exciting approaches for further research. 
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