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Ro l e  o f  Rep resen t a t i ons  i n  P roduc i ng 
Sc i en t i f i c  E xp l ana t i ons  i n  Phys i c s
By Jennifer Yeo
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designing learning environments to 
support students’ science learning.

The ability to produce scientific 
explanations is a key learning 

outcome of science learning. The 
production of scientific explanations is 
a multimodal process (Yeo & Gilbert, 
2014) that entails the competent use of 
representations (Yeo & Gilbert, in-press). 
The aim of this article is to describe this 
competent orchestration of different 
modes of representations to produce 
two key types of scientific explanations 
in physics—the interpretive and causal 
explanations. Findings reported here are 
drawn mainly from the project “Developing 
a Framework for Assessing Students’ 
Construction of Scientific Explanations in 
Physics” (OER 13/13 JY). 

Science can be characterised by the 
formulation of laws and theories to 
understand the world. As defined by 
National Research Council (2012), the 
production of scientific explanation 
necessarily entails the linking of these 
laws and theories to make sense of the 
events of the world. Explanations that 
rely on laws, commonly inscribed in 
the form of mathematical formulae and 
equations are described as interpretive, 
while those that make use of theories to 

account for the underlying mechanism 
of a phenomenon are referred to as 
causal (Gilbert, Boulter, & Rutherford, 
2005). Findings from this study indicate 
that representations play different roles 
in the production of these explanations. 
The representational features and roles 
are summarised in Table 1 along with the 
three dimensions of scientific explanation 
as defined by Yeo and Gilbert (2014). 

These features and roles of different modes 
of representations and the competent 
orchestration of the representations 
to produce a successful explanation 
suggest that on top of conceptual 
understanding, students also need to 
develop representational competencies 
in order to interpret, construct, relate and 
transform representations to generate 
and extend meanings (Kozma & Russell, 
2005). These competencies include the 
ability to:

• use representations for describing scientific 
concepts; 

• construct and/or select a representation 
and explain its appropriateness for a 
specific purpose; 

• use words to identify, describe, and 
analyze features of representations; 

• compare and contrast different 
representations and their information 
content; 

• connect across different representations 
and explain the relationship between them; 

• realise that representations correspond to 
phenomena but are distinct from them; and

• use representations in discourse to 
support claims, draw inferences, and make 
predictions.
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Interpretive Explanation Causal Explanation

Function Makes use of a (mathematical) model, based 
on well-established pattern, to account for a 
specific event or observation.

Makes use of a theory to account for the underlying 
mechanism for the phenomenon.

Form Modeling and processing based on Redish 
and Kuo’s (2015) mathematical modeling 
framework.

Modeling involves the abstraction of the 
physical phenomenon into theoretical entities in 
the form of mathematical symbols.

Processing involves the operationalising of 
mathematical representations to produce a 
quantitative outcome. 

Agent, instrument, target: structure of causality 
proposed by Lakoff and Johnson (1980). The 
“agent” and “target” are the theoretical entities, 
while the “instrument” is the actions of agent on 
target. 

The identification of agent and target involves 
identifying these inferred entities to be present 
in the phenomenon (e.g., sound waves) and 
representing them in a pictorial form. 

The instrument is a series of actions of agent on 
target and the effects produced. 

Level of 
Precision

Typically laws (e.g., Newton’s laws and law of 
thermodynamics)

Typically theories (e.g., wave theory, field theory 
and kinetic theory)

Level of 
Abstractness

Mathematical representations used to relate 
theoretical entities

Pictorial (conventional) representations used to give 
form to the abstract entities

Level of 
Complexity

Representational scheme: textual/pictorial 
representation naming and describing physical 
objects and actions → textual representation 
to identify theoretical entities → mathematical 
representations representing relations between 
theoretical entities

Representations scheme: textual/pictorial 
representation naming and describing physical 
objects and actions → textual representations 
to identify theoretical entities → pictorial 
representation to give form to the theoretical entities 
→ textual/pictorial and gestural representation to 
describe interactions between entities over time 
and space.

Table 1. Representational features and roles.
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