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Introduction 

Research Question 
How do students with different mental 

representations handle multiple external 
representations?   

Research Method 

• 19 engineering students; calculus-based 
physics course; 3 individual interview 
sessions, lasting one hour each 

• Profiles designed from non-directed tasks; 
related to cognitive framework to infer 
about kinds of mental representations.   

• 5 non-directed and one directed kinematics 
tasks; different representational formats; 
qualitative or quantitative solutions 

• Types of cognitive structures correlated to 
students’ actions when handling directed 
task 

Propositional Representations 

Mental Models 

Mental Images  

Simplification and 

Application  

Johnson-Laird Cognitive Framework 

Interpretation and 

Understanding  

Trends between Kinds of Mental Representations and Handling 
of Multiple External Representations  

Derive part of physics concepts. Formulate incomplete explanation. 

Generate complete diagram 
depicting whole motion. 

Provide either an incomplete 
diagram or no diagram. 

Refer only to the given graph to generate corresponding ones. 
Ignore diagram.   

Aware of concepts presented 
by graphs but inability to 

apply them to the situation. 

No awareness of concepts 
presented by graphs. Problem 

solved using equations. 

Refer to graphs for quantitative information only. Symbolic 
and diagrammatic representation handled independently.   

Interpret  
position-time  

graph 

Translate from  
graph 

 to diagram 

Translate 
among graphs 

Translate from  
graph to  

numerical form 

Solve value using  
equations 

4PR, 3MI 

4PR, 3MI 

5PR, 5MI 

5PR, 5MI 

7PR, 5MI 

7PR, 5MI 

6PR, 3MI 

6PR, 3MI 

Conclusion 
 

• There is no difference in how students with propositional representation and 
mental image handle multiple external representations. 

 
• Problem solving approaches with non-directed representational task formats 

seem to transfer and influence actions with the directed task containing 
sequential multiple representations. 


