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Instruction Methods g 

Cognitive conflict 0.80a 

No cognitive conflict 0.53b 

Hands-on training  0.59 

No hands-on training  0.74 

Test Instruments 

Multiple-choice  
 

0.52a 

Open response  0.65 

Hands-on tests 0.74b 

Virtual tests 0.42a 

Teaching CVS – Results of a Meta-Analyses: 

(Schwichow et al, 2015) 
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Hands-on activities are often utilized in science classes …             

(Börlin, 2012; Tesch, 2005) 

 

because they are assumed to support: 
 Content knowledge acquisition 

 Learning of scientific practices  

 Understanding of the nature-of-science 

 Motivation and interest in science 
(Haury, et al, 1994; Millar, 2004) 

 

They might have a negative impact on learning CVS? 
(Schwichow et al, 2015) 
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Cognitive load theory (Sweller, 1988; 1994) 

Extrinsic CL 
 Measure 
 Take nots 
 Technical problems 
 Ect. 

Intrinsic CL 
 Design  
 Identify 
 Interpret 
 Understand 
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Sample: 161 8th graders 

Training 

condition 

Pre- Introduction In-

between- 

Training Posttest 

Hands-on 

(n = 82) 

 MC-CVS 

 Content 

knowledge 

 Cognitive 

     abilities 

 Reading 

abilities 

Cognitive 

conflict 

 MC-CVS 

Hands-on 

 MC-CVS 

 Hands-on CVS: 

1)  Elec.magnets 

2)  Light bulb 

 Poster CVS: 

1)  Magnets 

2)  Memory 

 Content knowledge 

Paper-and 

pencil  

(n= 79) 

Paper-and-

pencil 

  
 First unit (90 min) Second unit (135 min) 



Paper-and-pencil 
 

Hands-on 
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CVS MC test 

(Schwichow, Christoph, Boon, & Härtig, 2015) 
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CVS Hands-on test 
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CVS Poster test 

 



Results 

11 



Results 

12 



Discussion 

13 

 

What students learn from hands-on activities? 

 

Nothing unique?! 

 

Comparing hands-on to virtual training tasks 

(Klahr, Triona & Williams, 2007; Triona & Klahr, 2003) 
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1)Theoretical implication 

Hands-on task  are neither beneficial nor obstructive 

CVS is an non-manual skill 

Cognitive manipulation of variables is important 

 

2) Implication for science education: 

Hands-on as well as paper-and-pencil support learning of CVS 

 



Thank You! 
 
schwichow@ipn.uni-kiel.de 
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  Task 1 Task 2 Task 3 

Training 

Condition 

Coils Core Material Current 

Hands-on 

Note that 

the 

presented 

expt. is 

confounded 

Plan/ 

sketch a 

better 

expt. 

Plan 

/sketch 

plus run 

expt. 

Interpret 

the expt. 

Plan/ 

sketch 

plus 

run 

expt. 

Interpret 

the expt. 

Paper-and-

pencil 

Note that 

the 

presented 

expt. is 

confounded 

Plan/ 

sketch a 

better 

expt. 

Plan/ 

sketch 

expt. 

only 

Interpret a 

photo of 

an expt. 

Plan/ 

sketch 

expt. 

only 

Interpret 

a photo 

of an 

expt. 
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Comparison of hands-on and paper-and-pencil materials 

 
Hands-on Paper-and-pencil 

Content identical 

Tasks identical 

Number of Tasks identical 

Source of 
Information 

Experiment Photo 

Number of solved tasks different 

Required content 
knowledge 

Circuits + 
 CVS 

CVS 

Manual skills 

Setup of the circuits & 
manipulation of 

Variables 
No 

Quality of the 
information 

Depend on 
experiments 

Default by Photos 
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Cognitive Conflict 

 

Lawson & Wollmann (1976) 



Experiments 
 

 

 

Please run an experiment to prove Lillie’s 
hypotheses. Take notes of all your results and 
your experimental set-up. 

 

Our results: 

 

Paper-and-pencil 
 

 

 

Lilly and David did the following experiment: 
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What did you found-out 
about Lillie’s hypotheses? 
 
What did Lilly an David 
found out? 

Lillie's hypotheses is correct. The force of an 
electromagnet depends on the current.. 

Lillie's hypotheses is wrong. The force of an 
electromagnet does not depend on the current.. 

Lillie‘s hypotheses: The force of an electromagnet depends on the current. 
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CVS Poster test 
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