
Results–Ontologies 

*This row does not sum to 100% because one subject did not provide a definition and another defined energy as a process or model 

•  In general, most subjects referred to energy, kinetic energy, and potential energy as substances.   
•  For example, “the stuff available to do work” or “something you can use to do work.”   

•  Defining energy as a force or using verbs such as “do” or “apply” implied a stimulus ontology.   
•  Kinetic energy was “work being applied.”  

•  No one used a vertical location ontology when discussing energy in general.   
•  Surprising because diagrams invoking a vertical location ontology are drawn many times throughout a general chemistry course (e.g., orbital diagrams)  

•  The general format of the question asked (“how do you define the term ‘energy’?”) with no other context specified may lead people to think more broadly 
rather than to think of specific instances or applications of energy.  

Results–Definitions 
•  Most common definition of energy provided was “the ability to do work” 
•  Most likely due to the prevalence of this definition in textbooks and instruction.   

•  Defining energy as the “force it takes to do work” also appeared in some of the novices’ definitions  
•  This shows that the concepts of energy and force are not just related to one another, but that they are interchangeable, which is incorrect.   
•  This may be due to the fact that over half of the undergraduate subjects had not had physics at the university level yet where formal instruction on forces is 
much more prevalent than in introductory chemistry.   

•  Energy was also defined in terms of a change of some sort  
•  For example, “energy is burned or lost or converted in the process” shows that some change is occurring and that energy is integral to this change.  

•  Experts were more likely to provide descriptions of the characteristics of energy, which emphasizes the utility of energy and its characteristics, more than 
strictly restating a memorized definition, which shows a deeper understanding of the concept. 
•  Energy was “related to either position or translational energy.”   
•  Energy was a “way of modeling and describing interactions within a system and/or between a system and surroundings.”   

*This row does not sum to 100% because one subject did not provide a definition 
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Abstract 
The language used to describe concepts related to energy within the disciplines of 
physics and chemistry was interpreted in terms of the common definitions and 
ontologies of energy.  Experts and novices in both domains were asked to define 
energy, kinetic energy, and potential energy and perform word association tasks as 
part of a larger semi-structured interview on energy.  The provided responses were 
coded and analyzed based on definition and ontology to determine consistency.   In 
general, a range of views on energy was seen, with most novices defining energy as 
“the ability to do work.”  Experts tended to describe energy more generally based on 
its characteristics.  These are preliminary results related to a larger study looking at 
the compartmentalization of energy concepts between the domains of chemistry and 
physics.  
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Conclusions 
•  All subjects found defining energy in general to be a difficult task, most likely due 
to its complex and abstract nature.   
•  A majority of novices gave the textbook definition of energy (“the ability to do 
work”) as their main definition of the term, whereas experts tended to define 
energy in terms of its characteristics and usefulness, such as emphasizing the 
conservation of energy.   
•  A substance ontology was the most common in the definitions 

•  The results from the word association tasks show the broad ways in which people 
think about energy.   
•  The most common words associated with kinetic energy were related to 
motion.   
•  Those provided for potential energy related to interactions for microscopic 
objects, locations for macroscopic objects, and future outcomes.   
•  Common to all three terms were the units and physical quantities related to 
energy, which would be used when solving physics and chemistry problems.   
•  Other words provided were abstract in nature, which reference important 
properties necessary when using energy to solve problems in chemistry and 
physics classes, such as conservation or transformation.    

Future Directions 
•  Future studies will examine the connection between surface features associated 
with chemistry or physics contexts and the ontologies of energy invoked in the 
interview responses. 
•  Does a specific prompt change the words people use to talk about energy? 
•  What are the signatures of “chemistry” energy and “physics” energy? 

•   How can we facilitate the knowledge transfer of energy concepts between 
chemistry and physics classes? 
•  What are the barricades to this transfer, and what kinds of curricular 
intervention or language can help facilitate this transfer? 

Methodology 
•  A total of 20 volunteers ranging from first-year undergraduates through professors were recruited from chemistry and physics courses at both the introductory 
and advanced levels.    
• 18 undergraduates  

• All majoring in chemistry or the life sciences 
•  One chemistry professor and one physics professor 
•  All volunteers for this study had previous experience with chemistry at both the high-school and university levels.  
•  90% of volunteers previous exposure to introductory physics at the high-school level, but only 45% of volunteers had experience at both the high-school 
and university levels  

•  All volunteers were asked the same set of questions in individual semi-structured interviews, which were audio recorded in order to obtain an accurate 
transcript 
•  “How do you define the term energy/kinetic energy/potential energy?” 
•  “What words do you associate with energy/kinetic energy/potential energy?”   
•  The remaining questions revolved around prompts given to the subjects to probe the compartmentalization of energy concepts between the domains of 
chemistry and physics.   

•  After transcription, each response was coded according to which of the definitions of energy and which ontologies were invoked for energy, kinetic energy, 
and potential energy in the definitions and word associations.   
•  Responses could be classified as containing references to more than one definition or ontology.  

•  Answers to the word association tasks were grouped according to common themes found throughout all of the responses.  

Background 
•  Energy is a universal concept present in many sub-disciplines of science, ranging 
from physics to chemistry to biology, but is often first introduced in introductory 
physics and chemistry courses.    
•  Depending upon the context, some characteristics of energy are emphasized, 
while others are obscured [1].   
•  This may lead to the compartmentalization of ideas based on context, even 
though the concept of energy itself is context-independent [2,3].    
•   Therefore, it is important to better understand the effect of context on the 
understanding of energy, specifically the effect chemistry- and physics-related 
surface features have on how people think and talk about energy.  

•  By interpreting the language used to describe energy, we hope to better understand 
the effect of context on the definitions and ontologies used by novices and experts.  

• We can interpret energy in terms of its definitions, ontologies, and characteristics: 

•  Common definitions of energy [4] 
•  The ability to do work 
•  Most common definition 
•  Emphasizes energy transfer 
•  Not intuitive; requires the definition of work  

•  Something that causes motion 
•  Common in everyday language 
•  Seen as a misconception as it conflates the ideas of energy and force 

•  A measure of physical change in a system 
•  Considered the “most correct” definition 
•  Emphasizes the relative nature of energy 
•  Does not answer “What is energy?” 

•  Common ontologies of energy [5] 
•  Energy as a substance 
•  An object has a certain amount of energy 
•  An object contains a certain amount of energy 

•  Energy as a stimulus 
•  An object is pushed by energy 
•  Energy causes an object to move 

•  Energy as a vertical location 
•  An object is at a certain energy 
•  An object moves from one energy to another 

•  Characteristics of energy [1, 4] 
•  Conservation 
•  The amount of energy is fixed 
•  Energy cannot be lost, destroyed, or created 

•  Degradation 
•  Energy is lost from a system 
•  Energy is converted to a unusable form 

•  Transformation 
•  Energy can be converted from one form to another 

•  Transfer 
•  Energy can be moved from one object to another 

•  Source 
•  Energy acts as an input into a system 

Ability To Do Work Causal Agent Measure of Change 

Percent of Responses* 55% 20% 20% 

Substance Stimulus Vertical Location 
Substance 

and  
Stimulus 

Stimulus 
and 

Vertical Location 

Vertical location 
and  

Substance 

Substance,  
Stimulus,  

and Vertical Location 

Energy* 45% 25% 0% 20% 0% 0% 0% 

Kinetic 
Energy 65% 35% 0% 0% 0% 0% 0% 

Potential 
Energy 60% 10% 0% 15% 0% 15% 0% 

Results–Word Associations 
•  General scientific terms:  experiments, mass, temperature, force, joules, newton, 
electron volts, calories, E = mc2 
•  Biology: sun, life,  humans, metabolism,  ATP 
•  Physics: physics, batteries, springs, interaction, light 
•  Chemistry: electrochemistry, entropy, enthalpy, exothermic, ΔH, work, heat, bond 
strengths, electrons, reaction coordinate 
•  Kinds: types, potential, electromagnetic, gravitational, kinetic, thermal, chemical, 
nuclear, electrical   
•  Everyday use:  nuclear, electrical 
•  Action:  movement, motion, dropping, stationary, ability 
•  Abstract:  stuff, everything, universe, ever-existing 
•  Kinetic energy:  moving, motion, movement, collisions, never still, rolling, falling, 
running, swinging, speed, velocity, released, conversion 
•  Potential energy:  capability, future outcome, pre-movement, impending, stored, 
stationary, at rest, heights, distance, top, high up, staircase, roller coaster, 
interaction, stability, attraction, repulsion, bond energies, enzyme, atoms, 
molecules, endothermic 


