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Supplemental Material  

 

Item examples 

 

Figure I: Examples items from the biology and  physics sorting tasks with correct solutions. All 

Items can be found in Authors (2019b). 
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Figure II: Examples items from the knowledge of facts and knowledge of meaning tests  
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Table 1: Detail of the knowledge of meaning scoring rubric for the biology item of Figure II. The students can reach 

a maximum of two points. 

Category 
Niveau of the 
explanation 

Rules for Coding 
Examples from pilot 
study 

Adaption to 
the 
environment 

0 No adaption 
mentioned 

Answers of this type 
describe fitness not 
as a measure of 
adaption to a specific 
environment. These 
answers are coded 
with 0 points. 
Answers which 
describe adaption as 
an active process of 
the animal are 
likewise coded with 0 
points. 

Fitness is when a male 
individual fathers a lot 
of offspring or has many 
female partners. 
 
… is body adaption 
towards an 
environment, which 
steals energy. Adaption 
of a body towards 
endevour. 

1 Fitness as adaption 
to an environment 

Answers of this type 
describe fitness as a 
measure of adaption 
to a specific 
environment. These 
answers are coded 
with 1 points.  

Fitness is a measure of 
adaption of an 
individual to its 
environment, which can 
be measures through 
the number of its 
offspring. 
 
…survival of a species. 
The better it is adapted 
to the environment, the 
better is it’s fitness and 
it adds his genes to the 
gene pool.  

Category 
Nivea of the 
explanation 

Rules for Coding 
Examples from pilot 
study 

Number of 
offspring 

0 no measure of 
fitness mentioned 

Answers of this type 
do not mention a 
measure of fitness 

Fitness is recurring 
vitality. 

1 number of offspring 
as a measure of fitness 
mentioned 
 

Answers of this type 
mention a measure 
of fitness (offspring). 
These answers are 
coded with 1 points 

 
Fitness is when a male 
individual fathers a lot 
of offspring or has many 
female partners. 
 
… the notion for the 
fecundity in the animal 
world. (sexual fitness)  
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Figure III: Concept Map used in the integration of knowledge test in physics 

 

 

 
Figure IV: Concept Map used in the integration of knowledge test in biology 
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acts on 

Table II: Detail from the Concept Map scoring procedure 

 

Physics Concept Map Scoring Example: 

 
Example of how to connect two physical principles in the Concept Map correctly. 
 

 

For scoring, a rubric with correct answers was used. Examples of the rubric were produced in a 
pilot study. A point was awarded for a correct relation in the concept map. 
 

Relation to score Description Examples 

Force - Pendulum Force (e.g. weight force) acts 
on objects (e.g. pendulum). 

- Acts on 
- Deflects 
- Is needed for 

deflection 

Force as the cause of the 
pendulums motion 

𝐹𝑡𝑎𝑛(𝑡) =  −𝑚𝑔 ∙ sin (𝜑(𝑡)) 

 

Pendulum Force 


