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Introduction 
  

During the last decades a number of researchers have 
focused on the difference between novices and experts in 
problem solving processes. For instance: 

• Chi and colleagues (e.g. Chi et al., 1981) argue that a main 
difference between novices and experts lies in how they 
categorise and represent problems and they argue that 
experts categorise problems in terms of physical principles 
and novices in terms of surface similarities. 

• In contrast to a focus on experts use of propositional 
knowledge, other researchers (e.g. diSessa, 1993; 
Clement, 2009) have emphasized the use of non-
propositional knowledge (e.g. p-prims or imagistic 
simulations).   

• In addition, researchers (e.g. Cheng & Brown, 2010; 
Georgio, 2014) have focused on the connection between 
propositional and non-propositional knowledge.  
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• In this presentation, we will present results that we hope 
contributes to our understanding of the  coordination of 
both propositional and non-propositional knowledge 
structures.  

• We compare problem solving across two levels of expertise 
– undergraduate students of chemistry and PhD students 
in physical chemistry. 
• Our aim is to describe how conceptual metaphors are used (or 

not) to coordinate propositional and non-propositional 
knowledge structures in the context of solving problems on 
entropy.  
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Research question 
 

How does the use of conceptual metaphor differ in scientific 
problem solving at different levels of expertise, specifically 
with regard to how non-propositional and propositional 
knowledge structures are coordinated? 
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Conceptual metaphors (CM) are mappings between abstract 
concepts and gestalts of familiar, bodily experiences (Lakoff and 
Johnson, 1999). This kind of mapping relies on perceptual 
abstractions from sensorimotor experiences (image schemas) 
and are pervasive in everyday language. Examples include, 

 

 

Object event structure metaphor 
 
• Attributes Are Possessions (e.g. he has a lively spirit) 

 
• Changes Are Movements of Possessions (e.g. The music gave me a headache) 
 
Location event structure metaphor 

 
• States Are Locations/Containers (e.g. I’m in love; he’s in a depression) 

 
• Changes Are Movements (e.g. I got out of my depression) 

 
• Causation Is Forced Movement (e.g. The tragedy pushed me into a deep sadness) 

 
 

Introduction - A conceptual metaphor perspective 
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• Two Swedish PhD students (D1 and D2) specializing in 
physical chemistry. 
• Well acquainted with thermodynamics at postgraduate level and 

both at the end of their doctoral studies. 

• Two Swedish undergraduate chemistry students (S1 and 
S2). 
• The two undergraduate students were halfway through the 

undergraduate chemistry program and had taken 
thermodynamics and statistical mechanics within a course on 
physical chemistry. 

• The participants were presented with three thermodynamics 
problems. In this study we focus on two of the problems: 
• Problem 1: Account for the mechanism that drives the process of 

freezing water in a beaker placed in a freezer. 

• Problem 3 Explain the entropy change of an ideal gas 
undergoing a reversible adiabatic expansion. 
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Method – Participants & Problems 
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• Both the PhD-students and the undergraduate students spent 
approximately one hour discussing solutions to the problems. 

• Both sessions of problem solving were video recorded. 

• The analysis was structured as follows: 
• The first phase involved segmenting the problem solving protocol 

into distinct reasoning episodes.  

• Next, we were interested in identifying: 
• propositional (e.g. physical principles) knowledge structures. 

• non-propositional, e.g. image schemas reflected in metaphorical 
expressions and conceptual schemas associated with symbolic forms 
(Sherin 2001).  

• Finally, we conducted an analysis of the roles that these two types 
of knowledge structures played in the problem solving.  
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Method – Data collection and analysis 
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Method – Data collection and analysis 
   

• Finally we made a comparison across our two groups.  

• In addition we were interested to identify different engagement 
with the phenomenon (Ochs et al., 1996) in the problems-
solving discussions.  
• A Problem Solver Is An Owner/Observer Of A system 

• A Problem Solver Is A Manipulator Of A System 

• A Problem Solver Is A System    
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In problem 1, the students were asked, what drives the freezing 
of water in a beaker at a temperature of 0° C when it is moved 
to a freezer at -10° C.  
 

D2: Well, in this case… er, I guess it’s simply that… if I take heat from this beaker with 
water… and move over to the room… in principle, then… the partition function in… for the 
room will increase… more than what I lose in the beaker, then… 

D1: Uhum… 

D2: Now, let’s see… it’s… 

D1: …the entropy, you mean…? 

D2: Yes, in principle, that is the entropy…  so… /…/ delta S as a function of [T] for a certain 
delta Q, one gets something like this . . .  /…/ so, maybe . . . the lower the temperature, the 
bigger the entropy gain you get if you move some heat into this system . . . so, that 
means for our heat bath system here . . . that if you move a small amount of heat from the 
water beaker out to the room . . . then, the entropy in the room will increase more than the 
entropy has decreased in the water beaker . . . due to the reason that it is colder in the 
room . . . 

  

  
 

 

Results – PhD students’ problem solving  
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Results – PhD students’ problem solving 
    

• Examples of conceptual metaphors (non-propositional knowledge 
structures) from the excerpt related to problem 1: 
• Change of State Is Transfer of A Possession  and Problem Solver Is A 

Manipulator of A System are reflected in “If I take heat from ... and move 
over to ...”  

• A Problem Solver Is An Owner Of A System revealed in “more than what 
I lose” 

• A Function Is A Machine and The Problem Solver Is Manipulator of a 
Machine seen in “the bigger the entropy gain you get”   

• Coordination of different CMs in order to align qualitative and 
quantitative reasoning is a central contribution of CMs in problem 
solving (Jeppsson, et al., 2013).  
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Results – PhD students’ problem solving 
  • Examples of propositional knowledge structures: 

• The statement “…in principle…” seems to be a central part of the 
reasoning episode. 
• The partition function seems to roughly represent the entropy and solutions 

must adhere to the second law of thermodynamics to which the total entropy 
of the system and the surrounding cannot decrease. 

• This is an example of a propositionally expressed law and may illustrate 
principled-based reasoning (Chi et al., 1981).  

• dS=dQ/T is another example of propositional knowledge structure that 
plays a central role in the reasoning. 

• “… in principle, that is the entropy…  so… /…/ delta S as a function of [T] for a 
certain delta Q, one gets something like this . . .  /…/ so, maybe . . . the lower the 
temperature, the bigger the entropy gain you get if you move some heat into this 
system . . . so, that means for our heat bath system here . . . that if you move a 
small amount of heat from the water beaker out to the room . . . then, the entropy in 
the room will increase more than the entropy has decreased in the water beaker . . .” 

• Relating the formula to the water in the beaker and the air in the freezer 
surrounding the beaker and compare values frames the particular situation. 

• The propositionally expressed second law and the mathematical formula dS = 
dQ/T can be seen as constraints on the reasoning carried out.   
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Results – PhD students’ problem solving 
  

  

• Examples of coordination of propositional and non-propositional 
knowledge structures: 
• The image-schematic resources allow the PhD students’ to interpret 

elements of the propositional expressed knowledge – e.g. dS=dQ/T –
and helping toward a successful solution of the problem. 

• Manipulating heat as a possession enables the PhD students’  to 
coordinate the interpretation of the physical situation and the 
mathematical formula used to draw their conclusions. 
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In contrast to the PhD students in this study:  

• The undergraduate students’ do not use non-propositional knowledge as 
much as the PhDs in problem 1, and are less successful at solving the 
problem.  
• “and what is really the thing with freezing, anyway? Or why does it happen at 

a certain temperature…? Well, I don’t know…“ 

 

• However, In problem 3, they use non-propositional knowledge, and are 
successful. For example: 
• "here, you do not have any heat exchange with the surroundings“ 

• "when one pulls out [the piston]“ 

 

• They are successful at recalling and phrasing propositional knowledge. 
Their language reflects a textbook like kind of language. For example: 
• “entropy change of an adiabatic process is zero… and here it is, because Q 

[the exchanged heat] is equal to zero” 
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Results – Undergraduate students’ problem solving 
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• Our analysis shows that the PhD students are more likely to use 
conceptual metaphors to interpret aspects of propositional 
representations and to coordinate joint use of multiple propositional 
representations. 

• The PhD students are more likely to use conceptual metaphors to 
help apply propositional representations to specific problem 
situations.  
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Results – Comparison between Undergraduate students’ and PhD 
students’ problem solving process 
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• Our analysis shows that the PhD students engage or empathise 
(Ochs et al., 1996; Root-Bernstein, 2002) with the studied 
phenomena more than the studied undergraduate students 

 

 

 
 

 

15 

American University of Beirut 

Conceptual metaphors Under- 
graduates 

PhDs Example utterance 

A Problem Solver Is An Owner/ 
Observer Of A System 1 30 “more than what I lose in the beaker” (PhDs) 

A Problem Solver Is A 
Manipulator Of A System 9 17 “when one pulls out [the piston]” (undergraduates) 

A Problem Solver Is A System 0 4 “one walks along the same line” (PhDs) 

 

Results – Comparison between Undergraduate students’ and PhD 
students’ problem solving process 

  



We hypothesize that conceptual metaphors play a subtle role in 
the development of expertise in scientific problem solving. 

• We suggest that that CMs serves as a flexible resource. 

• CMs may be seen as a potentially important component of 
coordination classes. 

• The discussion regarding the role of ontological classification in 
the development of scientific expertise is not at all simple 
question.  

• In problem-solving, recall and formulation of relevant 
propositional knowledge constrains the reasoning in a productive 
way, but is not sufficient. 

• Successful problem-solving involves engagement (or 
empathizing with phenomena) through use of non-propositional 
knowledge, such as conceptual metaphors   

 

 

16 

Discussion 
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Discussion – Suggested implications for science education 
research and practice 

  

American University of Beirut 

• Invite students early in their education to participate in 
authentic practices: 
• In a science laboratory students need to be exposed to how 

scientists coordinate propositional and non-propositional 
knowledge structures through discursive interactions that involve 
thinking aloud. 

• Design material environments that embody abstract concepts 
in terms of substance metaphors – as in the Energy Theater  
where students make use of their own bodies in order to 
understand for instance energy transformation (Scherr et al., 
2013).  
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