
Jan Sermeus, Wim Temmerman, Jelle De Schrijver, Christel Balck (Odisee university college, Belgium)

Tsepo Mokuku (National university of Lesotho, Lesotho)

Beatriz García Fernández (University of Castilla-La Mancha, Spain)

CONCEPTUAL UNDERSTANDING OF 
SCIENTIFIC IDEAS THROUGH DIALOGUE 

AND EXPERIMENT:
A follow up

Facilitating concept building in natural sciences for first grade 
secondary school pupils in a laboratory setting

Jan.Sermeus@odisee.be



Last year



• A summary of the methodology

• Experimental design
• Test

• Results

• Practice oriented output

Follow up?



Summary

Wake up

SecureIntroduce

Identify Shake 

Use

Phase 1: the preconcept

Phase 2: the scientific concept

stage (e.g. wake up)

Wha t will you do? What will you say?

What can you expect?

Warning!

Mortimer, E. F., & El-Hani, C. N. (Eds.). (2014). Conceptual profiles: A theory of teaching and learning 
scientific concepts (Vol. 42). Springer Science & Business Media.

http://assessment.aaas.org/topics/



Experimental design



Experimental design

Quasi-experimental: Pre-post energy CU test 

Convenience sample
N = 148 (Nexp = 90, Ncontr = 58)
3 schools, 9 classes, 12-13 y

4h intervention 
following 6 FoI steps

4h control
‘good’ classical class (lecture, student experiments)

Girep 2018?



Testing conceptual understanding energy

Heron, P., Michelini, M., & Stefanel, A. (2008). Teaching and learning the concept of energy in primary 
school. C. Constantinou & N. Papadouris, Physics curriculum design, development and validation.



Testing conceptual understanding energy
Heron, 2008



Conservation + transformation of energy
Creation + loss of energy
Energy is a property of all things



Coding 

• Core concepts:
• Energy is a property

• Energy is a measure for possible 
change

• Everything has energy

• Energy is conserved

• There are different forms of 
energy

• Energy can be converted

• Energy can be transmitted

• Energy can be stored

• Misconceptions:
• Only living things have energy

• Only moving things have energy

• Energy can be lost

• Energy can be created

• Energy is a kind of matter



Results

have Pre Post
control 0.43 ± 0.18 = 0.52 ± 0.17

v * ^ **
experimental 0.08 ± 0.06 <*** 1.31 ± 0.21

create Pre Post
control 1.65 ± 0.21 = 1.88 ± 0.23

^ ** = 
experimental 2.39 ± 0.17 >** 1.79 ± 0.18

have
control 4.33 ± 0.21 <* 4.72 ± 0.20

= ^ **
experimental 4.18 ± 0.12 <*** 5.67 ± 0.21

create Pre Post
control 4.03 ± 0.18 <*** 5.50 ± 0.24

= = 
experimental 3.96 ± 0.14 <*** 5.07 ± 0.27
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have Pre Post
control 0.10 ± 0.05 <* 0.28 ± 0.07

= ^ ***
experimental 0.06 ± 0.03 <*** 0.89 ± 0.10

create Pre Post
control 0.83 ± 0.08 = 0.84 ±0.10

^ * = 
experimental 1.14 ±0.08 >** 0.81 ±0.08
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All tests show the same results

Increased understanding that everything has energy
Unclear change in understanding that energy can not be created

*: p<0.05, **: p<0.01, ***: p< 0.001
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Practice oriented output

• Pictures only test

• Lesson preparation template

• Website (under construction)

• Game 

• Handbook
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