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Overview of  a Qualitative Study Examining How Students 
Learn Elicit Ideas from Contrasting Redox Reactions



Participants
4 females, 11 males
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Research Questions: How do students describe/explain the atomic 
level of  the redox reaction between solid copper and aqueous silver 
nitrate before and after viewing contrasting animations?
- What ideas do the contrasting animations elicit?

Redox Reaction Experiment
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Empirical Set-up –What instances of  thinking and 
learning are studied? 

We wanted to uncover what the students thought about 
when they constructed their models, what ideas were 
elicited from viewing the animations?

Framework for Characterizing the Study (Martin & Sherin, 2013)
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Capture – what  aspects of  the learning 
phenomena were captured and how? 

Video & audio-recording, worksheet (rating the 
animation accuracy and their confidence, 
constructed/revised models. 
What do students focus their attention on 
and what is salient to them during the 
modeling process?

Framework for Characterizing the Study (Martin & Sherin, 2013)
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Reduction – What do we attend to in what is captured? 

We care about how students make sense of  atomic level 
through modeling. We are interested in the ideas the 
animations elicit during the exercise and ways the 
student reformulates the way they are thinking. 
Segments from the video relevant to this analysis were 
extracted.

Framework for Characterizing the Study (Martin & Sherin, 2013)
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Pattern Finding – How do we find patterns in 
the reduced data? 

Grounded theory – Constant comparative 
analysis, study theoretical frameworks

Framework for Characterizing the Study (Martin & Sherin, 2013)



Theory
To understand theory is to feel some wonder that one never saw 

before what now seems to have been obvious all along. 

Take a moment and ask yourself  what is 
the point of  your research? 

…sometimes I find this hard to 
articulate.



Identifying a Theoretical Framework

• We are trying to isolate “what matters” in describing the study so as to 
produce an optimal description …one in which the complex behavior of  the 
study arises from combinations and elaborations of  the constructs and their 
interactions. Redish, E. F. (2004)

• How do you find the framework that fits? 
• It is constructed from the theories and experiences the researcher brings to and draws 

on in conceptualizing the study (Anfara and Mertz, 2015)



Framework – Cognitive Models by E.F. Redish

Cognitive 
Models

Neuroscience

Cognitive 
Science

The Framework consists of:
Resources – Intermediate Level Cognitive 
Structures
• Viewed from the level of  individual thinking
• 2 Sets of  Structures:

1. Associations – which resources go together
2. Controls – environment and cues that 

activate
the particular associational patterns 

Through the structures, Redish identifies models 
appropriate for analyzing student thinking and 
learning



Applying a 
Theoretical 
Framework 
on Student 
Thinking 

Theoretical Framework for….Modeling Student Thinking (Edward F. Redish, 2004)

Link: https://docs.google.com/document/d/18Qbno7yKhdxoiG-ZeJhyU-
fWEM7m5TvWwU3mR4rRScA/edit

1. Neuroscience (p. 5-9)
1.1 Basic Ideas of Neuroscience  (p.6-8)

1.2 Fine-grained constructivism and resources (p.8-9)

2. Cognitive Mechanisms: Association and Control (p.9-15)

2.1 The Structure of  Memory (p. 10-15)

2.2 Links, Structures, and Context Dependence (p. 15-17)

2.3 Control and Executive Function (18-20)

3. Knowledge and Knowledge Structure (p. 20-28)

3.1 Identifying relevant resources: Reasoning and p-primitives(p. 20-22)

3.2 Associational Patterns: Theories of  student knowledge structures(p.22-26)

3.3 Linkage patterns: Building coherence and integrating knowledge(p. 26-28)

4. Epistemology and Expectations (p. 28-41)

4.1 Epistemic Resources (p. 30-32)

4.2 Epistemological Frames and Framing (32-40)

4.3 Messages and Metamessages: Negotiating the E-Frame (p.40-41)

Link to Redish paper - https://files.eric.ed.gov/fulltext/ED493138.pdf



Collaboration Task

• The purpose of  this task is to examine how a theoretical framework provides 
an explanation for how and why students’ preliminary ideas of  a simple 
redox reaction impact their review of  contrasting animations.  What ideas do 
the animations elicit? How is that information used to make model revisions?

1. In your breakout group, you will be assigned a theoretical framework. Next, 
review the context provided in the 3 videos.

2. https://docs.google.com/document/d/1EmdIkL1Sx8MMB0GmwPkxzLP
UYIR_0FLnuu-SJ0v2FSs/edit?usp=sharing



Reflection

• As you apply the framework, it is important to consider:

1. What aspects fit well with the videos and transcript?

2. What aspects were challenging to fit (limitations/weaknesses)

• Redish’s framework focuses “on the individual, how the individual thinks and 
how the individual’s thinking interacts with her environment.”



Conclusion

• Having a theoretical framework and some 
theories of  how students think about the atomic 
level as conveyed in the contrasting animation 
activities partnered with the situational way the 
animations are presented can help instructors 
and visualization designers construct 
instructional environments in which the tools 
are used more effectively. 
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