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A physics lab-setup has been developed for engineering students in their first year at university. 
The so-called LabTeamCoaching helps to improve general lab skills, such as preparing an 
experiment, writing a documentation, using graphs and drawing conclusions. By using a flipped 
classroom approach, students get better involved than in our former physics labs when we 
applied classical methods. This approach will be described and an overview of our 10 years of 
experience using this method will be given. 
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PHYSICS EXPERIMENTS FOR ENGINEERING EDUCATION  

In most universities physics is an obligatory course for achieving an engineering degree. 
Running a physics lab is an important part in physics education. Certainly the instructor first 
needs to address and answer the question of “what shall be learned” and as a consequence “what 
is the correct setting” for the lab. Both questions were discussed in depth at our university in 
order to improve physics education. Also resources, financial as well as staff, had to be taken 
into account. 

In this paper a flipped classroom technique for labs will be described. The method was 
called LabTeamCoaching because it adapts many techniques from Lernteamcoaching, which 
has been introduced by Fleischmann et al. in 1999 [1]. LabTeamCoaching was developed and 
tested in physics labs at the University of Applied Science (UAS) HTWG Konstanz for 
Bachelor students studying mechanical engineering and electrical engineering. Typically the 
students have one physics course in their second term consisting of 4 hours of lectures and 2 
hours of lab-session per week. Hence the students have very limited time to be engaged with 
general physics. 

BASIC IDEAS OF LAB-TEAM-COACHING  

Physics methods versus physics contents 

The most important question to us in teaching physics to engineering students is “what 
should the students learn?” In recent years physics courses at the UAS Konstanz were switched 
from “content teaching” to “learning methods” [2]. Learning goals are no longer listed as 
contents such as 1. Kinematics – 2. Kinetics – 3. Quantum Mechanics – 4…. , but are rather 
sorted by methods like: 1. Setting up an experiment – 2. Drawing and evaluation of graphs – 3. 
Laws of Conservation and balances – 4. Analysing dimensions – 5. … 

In the lab-context we therefore want the students to learn methods of how experiments can 
be improved rather than getting a precise result for the electron charge-mass-ratio, for example. 
Especially since engineering students only have a low number of physics classes, courses 
should focus on the most important aspects. Among our teaching staff there is a broad consensus 
that physics methods in general add more value to engineering education than special physics 
content. 
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Inverted classroom technique and “easy to perform” experiments 

In order to give the possibility to learn how to run experiments, the set-ups and devices need 
not be complicated. Experiments that are easy to run proved to be more suited for teaching 
experimental methods. The main learning goal is not masked by complicated physics, which 
students in undergraduate level very often find too difficult. Lecturer and student can focus on 
lab-methods. 

The second basic idea of LabTeamCoaching is based on the fact that students learn from 
mistakes, be it their own or from other people. An instructor should help to identify the mistakes 
made, of course, but it is always better if students find solutions themselves. Therefore 
LabTeamCoaching is designed as flipped classroom technique, where students first work for 
alone, followed by teamwork and finally meet with an instructor during a coaching session. [3] 

Physics experiments, as most engineers and physicists have experienced at their 
universities, were primarily aimed at conveying physical content. In some cases, quite complex 
and expensive equipment was used. In addition, the experiments had to be closely supervised 
by staff so that no damage was caused. This is an appropriate procedure for laboratories 
studying physics.  

However, the question arises whether other priorities should be set for engineering students. 
Any lab with the goal of addressing physics methods instead of physics contents can use the 
ideas and results described in this paper. With little additional thoughts it could even be 
extended to other scientific labs for engineering students. 

GOALS OF LAB-TEAM-COACHING 

LabTeamCoaching tries to reach several goals. Some address the students´ ability to cope 
with experiments, which can be regarded as most important. However, minor goals, such as 
resources and lab space must be also taken into account. The goals summarized under “from 
teaching to learning” can be methodically achieved by using a flipped classroom approach. In 
order to achieve the objectives dealing with resources, additional changes had to be made to the 
existing lab-setups. All this summarized under the term LabTeamCoaching (LabTC). 

Improving learning outcome of labs 

As described above, a shift from “teaching contents” to “learning methods” has been 
performed at the UAS Konstanz in recent years. In particular in lab-sessions, engineering 
students now learn of what could be called “experimental physics methods” such as 

‐ setting up an experiment, 
‐ evaluation techniques, 
‐ interpretation of results, 
‐ improving a setup, 
‐ solving a problem independently and on its own, 
‐ dealing with errors made,  
‐ …. 

As a result, students shall be able to run experiments, without help of instructors. They shall 
be able to set-up an experiment, measure required values, document the measurement and 
evaluate it. Students are also encouraged to draw conclusions and propose improvements. Thus 
students will be given more complex questions instead of running difficult experiments. At the 
UAS Konstanz this is regarded as quality increase of physics lab-education, compared to what 
may be called “classical physics lab”. 
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Changing ratio credit points vs instructor time 

In the Bologna Process, it was desired to increase the proportion of self-study among 
students. Thus a shift from teaching to learning should occur. LabTeamCoaching shall create 
the possibility to increase the student learning time without needing the presence of an 
instructor. This shall lead to an increase in the self-learning share (more credit-points, same 
amount of instructor time) and a continued understanding of what has been learned. 

Reducing investment and running cost for physics labs 

As will be shown, physics lab-courses using LabTeamCoaching do not necessarily need 
expensive equipment. Due to the shift from content to method, it is possible to use inexpensive 
tools and devices. An example is presented in [4]. Even required lab-floor-space might be 
reduced in special cases, as will also be pointed out here.  

The goals applying LabTeamCoaching can be summarized as  
‐ increasing learning outcome quality for the students, 
‐ increasing self-study portion according to Bologna, 
‐ not increasing lab-cost and work-load of instructors. 

PROCEDURE OF THE LAB-TEAM-COACHING  

Basically, LabTC consists of three phases (fig.1):  
1. Running the experiment: learning alone or in a small group (dyad) 

simple physics, no instructor available. 
2. Evaluating the results: learning in a team 

complex questions, team discussions, no instructor. 
3. Understanding and confirming the insights: coaching session 

presenting result and discuss together with instructor. 

Fig 1. Phases in LabTeamCoaching 

The report intends to secure the results and thus helps to ensure a lasting learning success. 
This report is similar to reports written in classical physics labs, however with more emphasis 
on methodological questions. The yellow-labelled parts show where an instructor is directly 
involved. The flipped classroom approach is obvious. 

Phase 1: Running the experiment 

The lab-time is a fixed period of exactly 90 minutes, where all students have to be present. 
Two students work together during lab-time. The so-called dyad proved to be the best group 
size for this type of labs. If students work alone there is a high barrier in starting an experiment. 
Larger groups (triads or more) do not allow all members to participate at a similar level during 
the lab-time. Not every student gets the same chance to get involved in full depth and to make 
mistakes. 

To this dyad a measurement task is given where the experiment has to be set up on own 
account. Students are asked to measure a parameter, but they are partially free in choosing the 
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settings. The task given, will generally provoke settings which lead to great uncertainties. It is 
crucial, that no instructor will interfere in this phase. Students have to find solutions on their 
own. They have to identify problems, may ask other students, but are nevertheless forced to 
finish the experiment within the set time period. If students were not fully prepared for the 
experiment, they will fail to achieve the required results in the given time. They may apply for 
extra-lab-time, which will usually be granted. This phase 1 can be summarized: 

‐ Students prepare with the detailed instructions given. 
‐ Students need to do the necessary steps in the lab, all on their own. 

During lab time no instructor shall be present. 

Phase 2: Evaluating the experiment 

Three or four dyads will be given similar experiments. These 6 to 8 students now form the 
LabTeam. They are asked to measure the same physical value for a different body or material 
each. This way it is possible to obtain a great variety of results and uncertainties, while using 
basically the same experimental setup.  

In a first step, the dyad evaluates its measurement and tries to answer questions posed in a 
questionnaire. Some questions can however not be answered, because they also refer to 
measurements performed by other dyads. Therefore the LabTeam has to meet and discuss open 
questions. During this team-meeting the students are obliged to collect all open questions and 
try to answer all of them. The team is asked to write down answers and major insights on a 
poster. Also all “still open” questions need to be noted on the poster at the end of the meeting. 
Summarized: 

‐ Also during evaluation no instructor is involved. 
‐ Students work in teams to compare results, indicate problems, and find solutions. 
‐ Team-meeting is regarded as a very important phase in the learning process. 

Phase 3: Coaching session and report 

Having prepared the poster, the LabTeam meets with the instructor. The main goal of the 
session is to secure the answers. Correct answers shall be confirmed. Wrong answers and still 
existing misconceptions need to be corrected. It may be challenging to an instructor to identify 
the wrong answers and even more existing misconceptions. However, as working in a small 
group, chances are much higher finding these, compared to reading in classes or by only looking 
at final reports. 

Also the “still open questions” need to be addressed. An instructor should not give the 
answer. He should instead try to give hints, how the questions might get solved. But he should 
leave the finding of the solution to the team. The instructor will therefore not merely work as a 
teacher, but rather as a coach instead. Therefore this method was called LabTeamCoaching. 
In a final report every student has to summarize his results. In the report, the focus should also 
be on lab-methods. Emphasis can be laid on different topics, depending on the learning goal. 
We suggest not to demand a full report for every experiment that has been performed. 
Generally speaking, the report shall help to once again deepen and consolidate the knowledge 
and insight. 

REQUIREMENTS OF LAB-TEAM-COACHING  

Requirements for LabTeamCoaching experiments  

In the "laboratory/experiment" and "team meeting" phases, the students are deliberately left 
on their own. This and the goals mentioned above, require laboratory experiments that are not 
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hazardous and are not complicated in terms of physics-content, but nevertheless offer the 
opportunity to learn and practice physical methods.  

Finding such experiments is a big challenge when introducing LabTC. We found the 
following requirements for a LabTC experiment:  

‐ It must be possible to run the experiment within 1.5 hours without the help of a 
supervisor.  

‐ It must be possible to set up the experiment in four slightly different variants.  
‐ Acquisition and operating costs should not be too high.  
‐ The lab-task must have at least one physical method as its main learning objective.  
‐ The experiment should still convey a physical content.  

The requirements pose a strong restriction on possible experimental setups. So far we have 
developed and tested four different LabTC experiments on the topics of RLC resonant circuit, 
spring-mass oscillator, specific resistance of a material and mass moment of inertia. All these 
experiments are in use at our university and are constantly being further developed.  

Requirements for LabTeamCoaching learning texts  

Since the students, as already mentioned, only meet teaching staff in the coaching session, 
the written instruction on what to do must be very precise. All instructions for the experiments 
need to be adapted for LabTC. In addition to describing the actual experiment, the LabTC 
learning text has further requirements:  

‐ Learning texts must be designed in such a way that the learners can solve the task with 
the least possible "unnecessary friction losses".  

‐ The learning objective must be clearly identifiable and named.  
‐ Learning phases must be recognizable (when to learn alone, when in a team)?  
‐ The learning path should be well designed and fully tested.  

Therefore, the task should be clearly formulated in good learning texts. What should the 
learner do with the learning text? At the end of learning texts there should be a questionnaire 
which can be answered from the learning text and after having run the experiment. However, 
the questions and tasks need to be so difficult that a team meeting is necessary.  

Creating suitable LabTC learning texts is very tedious and a long lasting process. Since 
student groups and their entry competences change quite quickly (e.g. reading comprehension), 
learning texts have to be constantly adapted. 

Requirements for LabTeamCoaching floor space 

Because the experiments themselves are simpler, the setups and devices require less space. 
Since several students also carry out similar experiments, it makes sense to group them into 
work areas. Because the focus is on teaching competences and skills, it has been shown that 
four different experiments are sufficient. However, each of these experimental setups is 
available in four to five copies. A total of about 20 experiments in two laboratories are therefore 
permanently set up so that they can be used by all study programmes. Compared with almost 
30 different physics experiments, which were held before the change and which had to be 
constantly dismantled and set up, this results in a reduced need for laboratory space. However, 
there is an additional need for a meeting room for the team-meetings and coaching sessions, 
which was therefore created in the laboratory area. Overall, the area used has remained 
unchanged.  
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EXPERIENCE USING LAB-TEAM-COACHING  

The first steps with LabTC began in 2006, when only a few laboratories were converted to 
gain experience with the new approach. In the meantime, all physics laboratories at UAS 
Konstanz have been converted to LabTC. Over 6000 students have participated in these 
laboratories since then. 

Increased self-learning rate 

One of the goals was to increase the self-learning rate of the students and thus, in line with 
the Bologna Process, to achieve the transition from teaching to learning. With LabTC this self-
learning is easy to explain. When the concept of LabTC was presented to reviewers during 
accreditations of various study-programmes, it proved easy to convince them about the self-
learning-aspect. In addition, surveys with students showed that the workload was as high as the 
number of credits achievable. Arguments speak for the fact that the change from teaching to 
learning with LabTC is successful. 

Another important indication of self-learning is the amount of individual questions students 
ask. 226 students were asked to write down their individual questions before the team meeting. 
At the end of the team meeting, the remaining questions were counted and listed on the poster. 

An evaluation of these questions is shown in Fig. 2. It can clearly be seen that the number 
of open questions has been significantly reduced. On average, only four questions had to be 
dealt with intensively in the coaching session. 

 

 

Fig 2. Questions before team meeting and coaching session 

At first sight this graphic seems to be almost trivial. A team of 6 to 8 students comes 
together, each of them has about three questions, which adds up to a total of 20. Since many 
have the same question, there are actually only four different ones. However, a closer look 
reveals a very important learning process. Students must first collect and sort the questions. 
They must recognize which are the same question, perhaps they were formulated slightly 
differently. They need come to the core of the problem.  
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Fig 3. Work progress during team meeting 

A further survey shows that many of the questions, which students had before the team-
meeting, were readily answered in the team, and that new ones also emerged in the discussion. 
Overall, the result of the study presented in figure 3 can be regarded as an indication that the 
team meeting increases the self-learning rate very effectively. 

Team meeting 

As the team meeting is regarded as being the central place for learning, it is very important 
to understand to which extend students participate actively in this meeting. An audio system 
was therefore installed during the team meeting to record the speaking time of the individual 
participants. The data was collected anonymously, the audio files are not evaluated relating 
content. Only the times during which the participants have spoken were considered. Figure 4 
shows an example of such team meeting minutes. 

 

Fig 4. Team A:  participants’ speaking time 

In this example 7 participants were involved in the team meeting for half an hour. One 
person, microphone 2 (from the top), had by far the largest share of the speaking time. During 
the survey of the team it turned out that this person managed the team-process. The behaviour 
of participant no. 4 is also interesting. After initially very intensive speeches (up to minute 5), 
the proportion decreases significantly (minutes 15 to 25). The associated person probably had 
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taken the minutes. All in all, the audiograms show that all participants took part in the 
discussions with great commitment. The quality of the contributions cannot and should not be 
judged. Evaluation and success control take place during the coaching session.  

Such audiograms have been recorded for all teams in recent years. They serve to discuss 
with the students the quality of their own teamwork. Students report that the presence of the 
microphones did not interfere with their work. Rather, an increased seriousness at the team 
meeting is perceived by all parties involved. 

Shift from physics contents to lab-methods 

Although the achievement of shifting to “learning methods” is regarded as being important, 
no systematic studies have been carried out. The UAS HTWG Konstanz is a university that 
educates engineers, but whose core competence is not research on teaching and didactics. 
Approaches to carry out studies on the effectiveness of LabTC have failed due to financing, 
among other things. It can however be concluded from lecturers’ and students’ comments that 
the ability to carry out arbitrary experiments was improved by switching to LabTC. The fact 
that all responsible persons - lecturers, deans and heads of study programmes - approve the 
method, can be seen as an indication that LabTC meets the most important expectations. 

CONCLUSION 

LabTC has been introduced for all physics laboratories at UAS HTWG Konstanz. All 
colleagues and lecturers use it. Without LabTC the physics laboratories could not be carried 
out, because neither the staff, the lab floor space nor the financial means are available for 
classical laboratories. The main advantage of LabTC, however, is that engineering students now 
learn experimental methods themselves.  

Although LabTC has been developed for physics laboratories for engineers, it can possibly 
be extended for other scientific laboratories in engineering education.  

References 

[1] Fleischmann, P. / Geupel, H. / Lorbeer, B. (2003): Lernteamcoaching. In: Berendt, B., Voss, 
P. / Wildt, L. (Hrsg.): Neues Handbuch Hochschullehre, Raabe, Stuttgart 

[2] Jödicke, B. / Sum, J. (2017): Versuch eines holistischen Ansatzes zur Physiklehre in 
Ingenieursstudiengängen; A3.2.3 Neues Handbuch Hochschullehre; DUZ Verlagshaus 

[3] Mason, G. S. / Shuman, T. R. / Cook, K. E. (2013): Comparing the Effectiveness of an 
Inverted Classroom to Traditional Classroom in an Upper-Division Engineering Course. In: 
IEEE Transactions on Education Vol 56 No 4. 

[4] Jödicke, B. / Sum, J. / Hettich, C. (2019): How can an experiment be optimized? PTEE 
Delft 2019 


