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Introduction

•Are you currently using experiments in your lessons?
• Which ones?

• How often?

•What would you need to implement experiments more 
often?



Theory: Definitions

• The Experiment (noun)
• “an operation or procedure carried out under controlled conditions in order to 

discover an unknown effect or law, to test or establish a hypothesis, or to illustrate a 
known law” (https://www.merriam-webster.com/dictionary/experiment)

• Experimental instruction: 

Subject-specific Theory Practical trainingExperimental 
Instruction

Reference: Own Translation based on Pahl (2013), S. 195. 

https://www.merriam-webster.com/dictionary/experiment


Theory: Technical vs. Scientific Experiments

Scientific Experiments Technical Experiments

Science experiments focus on the cause-
and-effect relationship to confirm the 
theory, such as ohm’s law or the law of 
leverage.

Technical experiments focus on the 
means-end relationship to find an 
applicable solution or design, for 
example: “At what angle does a 
photovoltaic cell deliver the most 
energy?”



Theory: Technical vs. Scientific Experiments

Scientific Experiments Technical Experiments

Main objective Epistemological goal (including 
consideration of contexts, causalities, 
drawing generalizable conclusions)

Final goal (including practice-, solution-
and problem-orientation, functionality, 
efficiency, user-friendliness)

Variables Manipulate independent variables and 
observe their effects on dependent
variables (measurable results)

Focus is on optimizing parameters and 
functions to achieve the desired result or 
performance

Generalizability Designed to be repeatable and deliver 
generalizable results

Not always generalizable, often specific to 
the developed technology or the problem

Validation and 
Testing

Are subject to review by the scientific 
community to ensure their validity and 
credibility

May follow standards and guidelines

Timeline and 
Application

Often long-term, contribute to
the accumulation of new knowledge over 
time, which can lead to new applications 
and innovations

Usually focused on the immediate solution 
of practical problems and can lead to 
direct applications and commercial 
products in the short term

Reference: Own Translation based on Zinn (2026). 



Theory: Technical vs. Scientific Experiments

• Assign the following examples to the correct type of experiment

(1) Students determine the dependence of spring extension on 
force to derive Hooke's Law.

(2) Students load different chair constructions until fracture to 
determine the most robust version.

(3) Students investigate the influence of cable length on voltage 
drop to determine the specific resistance of copper.

(4) Students heat water in a closed vessel to investigate the 
boiling point as a function of pressure.

(5) Students compare three different insulation materials to make 
a purchasing decision for heating pipe covers.

Scientific 
Experiment

Technical 
Experiment



Theory: Technical vs. Scientific Experiments

• Assign the following examples to the correct type of experiment

(6) Students record the characteristic curve of a centrifugal pump 
to find the optimal operating point for a heating system.

(7) Students compare the cutting quality of different milling 
heads at the same speed on an aluminium block.

(8) Students derive Faraday's Law of Induction through 
experiments with magnets and coils.

(9) Students investigate the dependence of friction force on 
surface area and weight to prove Coulomb's law of friction.

(10) Students compare the friction forces of different materials to 
identify the most suitable one for bicycle brakes.

Scientific 
Experiment

Technical 
Experiment



Study: Evaluation Procedure

• Research Objective: Initial empirical test of the normative KomTEx-L model.

• Method: Triangulation with videography, think-aloud protocols, and stimulated 
recall interviews.

EXERCISE



1. Activity: Network Typologies (MT)

• Experimental Question:
• Your TVET wants to set up a new 

network infrastructure and has 
asked for your advice on which 
network topology to use. They 
want to install as few cables as 
possible. However, if a cable or 
connection fails, the network 
should still remain operational. 
Since no time-sensitive 
infrastructure runs over the 
network, there are no latency 
requirements.

• Consider mesh, star, ring, tree and 
bus topology.



1. Activity: Network Typologies (MT)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



1. Activity: Level Control (EWM)

• Experimental Question:
• What is the optimal setting for the 

level control system to keep the 
water level as constant as 
possible?

• Manual control, two-point control, 
PID controller

• Labor costs, energy costs



1. Activity: Level Control (EWM)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



1. Activity: PV Battery Ratio (RE)

• Experimental Question:
• What is the optimal ratio between 

PV installation area on the roof 
and battery capacity in the 
basement to have energy 
throughout the whole night?

• Consider that one PV panel costs 
ZAR 5000 and one battery costs 
ZAR 15000.



1. Activity: PV Battery Ratio (RE)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



Theory: Phases of Experimentation

The Experiment 
in technology class

Preparation

Execution 
(Implementation)

Evaluation

Identifying a problem

Unfolding the problem (formulating hypotheses)

Planning experiments

Setting up the experimental arrangement

Conducting the experimental procedure

Processing the experimental data

Formulating the solution (knowledge)

Contextualizing and applying the knowledge

Reference: Own Translation based on Schmayl (1982). 



Theory: Phases of Experimentation
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Clarification and Formulation 
of Hypothesis

Planning

Reference: Own Translation based on Pahl (2013). 

Reference: Own Translation based on Walker (2013). 

Execution

Evaluation

Summary/Transfer
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Identifying the technical problem or 
problem situation.

Developing assumptions (hypotheses) 
and formulating ideas/solution 

approaches.

Preparing the experiment (experimental 
setup and action plan).

Carrying out the experiment.

Evaluating the results.

Assessing the results in relation to the 
technical problem. 



Stages of the Technical Experiment

5. Testing phase

4. Evaluation phase

3. Implementation phase

2. Planning phase

1. Preparation phase

Theory: Phases of Experimentation

Reference: Own Translation based on Zinn (2026). 

Clarification of the initial situation 
and experimental question

Problem statement / hypothesis

Planning the experiment

Implementing the experiment

Evaluating the experiment

Building the prototype / 
justified selection

Activities: Clarify the initial situation and implications for the experimental question; 
obtain further information; define boundary conditions (e.g. materials, costs); formulate 
the experimental question, etc.

Activities: Describe the experimental problem; gather information; analyze 
experimental constraints; define the objective of the experiment; if necessary, formulate 
hypotheses for experimental testing.

Activities: Identify and evaluate fundamental experimental options (e.g. feasibility, 
robustness); select the experiment using defined criteria; plan the technical 
implementation, etc.

Activity: Set up the experiment so that it works and let it run; observe; ensure 
measurement accuracy (including repeated measurements); record and document 
measurement data, etc.

Activity: Process the data; calculate dependent variables; conduct a statistical analysis; 
if required, test hypotheses; perform error analysis; present results graphically, etc.

Activity: Interpret the results with regard to the problem; reflect on the methodological 
approach in relation to the initial situation; if required, develop and test a prototype, etc.



2. Activity: Cantilever Beam (MT)

• Experimental Question:
• Which cantilever beam design can support the 

greatest weight?

• Consider sharp corner, fillet corner, gusset 
(triangular reinforcement)



2. Activity: Cantilever Beam (MT)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



2. Activity: Insulation Materials (EWM)

• Experimental Question:
• Which type of insulation is best for insulating 

a house?

• Styrofoam, hard foam, cork



2. Activity: Insulation Materials (EWM)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



2. Activity: PV Panel Alignment (RE)

• Experimental Question:
• What is the optimal installation angle for a 

PV panel to generate the most energy?

• Consider tilt (altitude) and azimuth



2. Activity: PV Panel Alignment (RE)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



2. Activity: PV Panel Alignment (RE)

• Step 1.: Download the phyphox app



2. Activity: PV Panel Alignment (RE)

• Step 2.: Connect to the test setup

+

• Activate Bluetooth on your smartphone

• Open the phyphox app

• Add experiment for Bluetooth device



2. Activity: PV Panel Alignment (RE)

• Experimental Question:
• What is the optimal installation angle for a 

PV panel to generate the most energy?

• Consider tilt (altitude) and azimuth



2. Activity: PV Panel Alignment (RE)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



Theory: Types of Experiments

Classification of physics experiments in schools

• Qualitative – Quantitative

• Demonstration experiment or student experiment (teacher-led vs. hands-on)

• Integration into lesson phases (instructional phases)
• Introductory experiments

• Interactive / Execution experiments 

• Deepening experiments

• Comprehension check / Consolidation experiments

• Equipment / Instrumentation
• Low-cost / Hands-on experiments

• Experiments using specialized apparatus and measuring instruments

• Simulation experiments

• Thought experiments

• Method of execution / Form of implementation
• Single experiment

• Parallel experiment

• Series of experiments

Reference: Own Translation based on Girwidz (2020). 



3. Activity: Line-Following Robot (MT)

• Experimental Question:
• What is the optimal distance between 

sensors for line detection in order to 
complete a given track as quickly and 
accurately as possible?



3. Activity: Line-Following Robot (MT)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



3. Activity: Maximum Power Point (EWM)

• Experimental Question:
• What is the maximum power output that can 

be obtained from the solar panel?

• 𝑃 = 𝑈 ∙ 𝐼 = 𝑅 ∙ 𝐼2 =
𝑈2

𝑅

• 𝑃𝑚𝑎𝑥 → 𝑅𝑖 = 𝑅𝑙



3. Activity: Maximum Power Point (EWM)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



3. Activity: Wind Turbine Geometry (RE)

• Experimental Question:
• What is the optimal wind turbine 

geometry to generate the most energy?

• Consider number of blades, blade length, 
angle of attack



3. Activity: Wind Turbine Geometry (RE)

• Reflection
• Integration into the syllabus

• Learning objectives

• Challenges

• Possibilities for adaptation



Theory: State of Research, Effects

• Teaching key skills through experimentation:

• Attitudes: Diligence, sense of order, willingness to perform, friendliness, mobility, flexibility

• Behaviors: Reliability, perseverance, personal initiative, openness, tolerance, determination

• Skills: Communication, cooperation, ability to work in a team, assertiveness, decisiveness, creativity, 
ability to learn, organizational skills

• Advice for teaching practice (Kircher et al, 2000):

• Structured layout

• Good visibility

• Focus on the essentials

• Emphasis on important components

• Critical analysis & discussion

• Guidance

• Structured process

• Conciseness



Summary and Conclusion

• Try an experiment of your choice
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