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The numbers of 50 million and 50 million do not matter. 
You’re comparing 0.1 to 2.1. You could be saying you are 
comparing one to 21. I guess we’ll take 21 times. We’ll take 
21 times as many. 

0.1% of 50 million is 1/1000 of 50 million. Then… isn't 
it 50,000? 1 million people would die when death rate 
of the coronavirus is 2.1% since it is like 2/100. Then 
isn't that 20 times more?
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Why Graphs (interpreted loosely) as our 
primary QDR?

versus



Graphical QDRs provide a perceptual grounding for 
enacting quantitative and covariational operations.
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(Carlson et al., 2002; Saldanha & Thompson, 1998; Thompson, 1990)



Graphical QDRs provide a perceptual grounding for 
enacting quantitative and covariational operations.

versus

(Carlson et al., 2002; Saldanha & Thompson, 1998; Thompson, 1990)
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Provide the source material necessary for…
…enacting quantitative operations including partitioning, unitizing, 
and iterating to make comparisons in quantities. 

…enacting covariational operations in order to quantify how two 
quantities change together including comparisons in those changes.

…foregrounding the aforementioned operations via dynamic 
animations. 

Why Graphs (interpreted loosely) as our 
primary QDR?



Project Context

National Science Foundation RAPID grant (DUE- 2032688) 
focused on applying STEM Education research to investigate 
how United States (US) and South Korea (SK) citizens 
understand media-used COVID-19 QDRs.

- Characterize the extent particular 
meanings are productive for 
understanding pandemic QDRs.

- Extend constructs developed in 
our and colleagues’ research 
programs to explain individuals’ 
meanings for pandemic QDRs.

- Create QDRs that better support 
individuals in understanding the 
COVID-19 pandemic including its 
health risks.

- Clarify those ways of thinking that 
are critical for well-being outside 
of the mathematics classroom.



Project Context



Graphing Perspectives
Quantitative Reasoning: Operations of thought by which one constitutes 
situations as composed of measurable attributes and relationships 
between those attributes. (Thompson, 2011) 

Covariational Reasoning: Operations of thought by which one conceives 
of the ways in which quantities vary in tandem. (Saldanha & Thompson, 
1998)

Ellis, Carlson, Thompson, Paoletti, Hackenberg, Johnson, Byerley, Frank, Lee, 
Stevens, Liang, Tasova, Tallman, Fonger, Castillo-Garsow, Tillema, Ulrich, Steffe, 
Norton…



What are productive and unproductive 
meanings for graphical QDRs?

Figurative Thought
(i.e., static shape thinking, 

Moore & Thompson, 2015)

Operative Thought
(i.e., emergent shape thinking, 

Moore & Thompson, 2015)
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What are productive and unproductive 
meanings for graphical QDRs?

Figurative Thought
Constrained to states and 

such that results of actions 
are not dissociated from the 

actions themselves. 
Actions and inferences often 

based on perceptual and 
sensorimotor features 
including how a graph 

“looks” and how a graph is 
physically drawn.

Operative Thought
Involve the coordination of 

mental actions and their 
transformation so that the results 
of actions are dissociated from 

the actions themselves. 
Actions and inferences based on 
logico-mathematical operations 

including 
quantitative/covariational 

reasoning.



Figurative Thought Operative Thought



Figurative Thought
Graph 1 is steep, so it was 

growing quickly. 

But in Graph 2 it is shallow, 
so it was growing slowly.



Operative Thought
Graph 1 and 2 are on differently 
scaled axes, but they show the 
same SK data and rate of total 

confirmed cases. 



Figurative Thought Operative Thought



Figurative Thought
They are similar so their rates 

must be close. 

Graphs 1 and 2 are concave 
down so the rate of change is 

decreasing.



Operative Thought
Graph 1 and 2 are on differently 

scaled axes and Graph 2 is 
logarithmic. 

Graph 2 illustrates an increasing 
rate of change in total cases due to 

the scale.
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What are productive and unproductive 
meanings for graphical QDRs?



OK, so what next?



Design Improved QDRs

(a) improving label wording and position;
(b) adding quantities’ values to axes in response to figurative forms of 

thought;
(c) supporting operative thought by proportionally scaling graphs to convey 

appropriate relative size in response to participants having difficulty 
making relative comparisons of written large numbers;

(d) simplifying and replacing vague or incorrect terms (intervention, 
mitigation);

(e) creating dynamic and narrated QDRs that direct individual’s attention 
away from perceptual features of QDRs and toward quantitative features 
of QDRs so that they understand behavior implications.



Design Improved QDRs
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