
In summary
•	 Covariational reasoning can be 

explored across the breadth of 
mathematical activity from early 
primary onwards

•	 Students can be given 
opportunities to develop 
covariational reasoning through 
exploring linear functions and 
rates; making and critiquing 
statements; and considering 
association, correlation and 
scatter plots 

•	 Focusing on plotting or 
comparing pairs of values may 
limit opportunities to develop 
covariational reasoning

•	 Covariational reasoning in 
statistical contexts requires 
students to also coordinate the 
idea of signal and noise, and this 
can be challenging

•	 It may be beneficial for students 
developing covariational 
reasoning to use either time or a 
counting sequence of numbers as 
the second variable

•	 Exploring covariation through 
multiple representations is 
important; students may find 
it easier to use graphs at first, 
especially non-standard ones 

•	 Useful activities might include 
highlighting fallacies and 
misconceptions, using modelling, 
and using real data and/or familiar 
contexts

•	 Software tools can be used to 
support students’ exploration of 
covariation by allowing more time 
to focus on exploring patterns

Covariational reasoning is playing with two quantities that change and exploring how they 
relate to one another as they change.2 It involves coordinating (tracking how changes in 
one thing might impact another related thing, and vice versa) two variables (quantities) as 
their values change simultaneously,1 which is relevant to students exploring ideas in number, 
algebra, geometry and statistics, and making connections between them. In statistics, 
covariational reasoning relates to exploring bivariate (paired) data. 'Covariational reasoning 
activities may involve exploring linear functions and rates; considering association, correlation 
and scatter plots; and making and critiquing statements of the form ‘doing more/less of x 
results in more/less of y.3 As a result, covariational reasoning is important across a range of 
disciplines, including psychology and other sciences.

Implications:
Covariational reasoning can be applied across the breadth of mathematical activity, 
allowing students to make rich connections

Students can be given opportunities to develop covariational reasoning through exploring 
linear functions and rates; considering association, correlation and scatter plots;  
and making and critiquing statements of the form ‘doing more/less of x results in  
more/less of y’

I can think about how many 
books I read or listen to over 
the year. I think about a 
book, then the time it took, 
then about another book 
and how long that took. I can 
think about the total number 
of books and also the total 
time it took.

I can imagine time 
happening alongside me 
reading or listening to  
books, and I know that 
every time I measure one of 
these things, the other also 
has a value. At any moment, 
I can recognise a 
multiplicative relationship 
between them, represented 
by my ‘reading rate’.

I can think about time as 
going forward in a straight 
line even when it is not in 
my thoughts. I can start to 
visualise the idea that I 
read or listen to a certain 
number of books every 
week, or every month, or 
every year.

Development of students' 
covariational reasoning
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Talking point 
What does research 
suggest about 
covariational reasoning?
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Adapted from ideas in Thompson & Carlson (2017)1



References
1.	 Thompson, P. W., & Carlson, M. P. (2017). Variation, covariation, and 

functions: Foundational ways of thinking mathematically. In J. Cai 
(Ed.), Compendium for research in mathematics education (pp. 
421–456). National Council of Teachers of Mathematics.  

2.	 Stevens, I. E., Paoletti, T., Moore, K. C., Liang, B., & Hardison, H. 
(2017). Principles for designing tasks that promote covariational 
reasoning [Paper]. Mathematical Association of America.  

3.	 Zieffler, A. S., & Garfield, J. B. (2009). Modeling the growth of 
students’ covariational reasoning during an introductory statistics 
course. Statistics Education Research Journal, 8(1), 7–31.  

4.	 Blanton, M., Brizuela, B. M., Gardiner, A. M., Sawrey, K., & Newman-
Owens, A. (2015). A learning trajectory in 6-year-olds’ thinking 
about generalizing functional relationships. Journal for Research in 
Mathematics Education, 46(5), 511–558.  

5.	 Leinhardt, G., Zaslavsky, O., & Stein, M. K. (1990). Functions, graphs, 
and graphing: Tasks, learning, and teaching. Review of Educational 
Research, 60(1), 1–64.  

6.	 Castillo-Garsow, C., Johnson, H. L., & Moore, K. C. (2013). Chunky 
and smooth images of change. For the Learning of Mathematics, 
33(3), 31–37.  

7.	 Biehler, R., Frischemeier, D., Reading, C., & Shaughnessy, J. M. (2018). 
Reasoning about data. In D. Ben-Zvi, K. Makar & J. Garfield (Eds.), 
International handbook of research in statistics education (pp. 
139–192). Springer International Publishing.    

8.	 Confrey, J., & Smith, E. (1995). Splitting, covariation, and their role in 
the development of exponential functions. Journal for Research in 
Mathematics Education, 26(1), 66–86.  

9.	 Moritz, J. (2000). Graphical representations of statistical associations 
by upper primary students. In J. Bana & A. Chapman (Eds.), 
Mathematics education beyond 2000 (Proceedings of the 23rd 
annual conference of the Mathematics Education Research Group 
of Australasia, Fremantle) (Vol. 2, pp. 440–447). MERGA.  

10.	 Saldanha, L., & Thompson, P. W. (1998). Re-thinking covariation 
from a quantitative perspective: Simultaneous continuous variation. 
In S. Berenson, K. Dawkins, M. Blanton, W. Coulombe, J. Kolb, K. 
Norwood & L. Stiff (Eds.), Proceedings of the Twentieth Annual 
Meeting of the North American Chapter of the International Group 
for the Psychology of Mathematics Education (Vol. 1, pp. 298–303). 
ERIC Clearinghouse for Science, Mathematics, and Environmental 
Education.  

11.	 Estepa, A., & Batanero, C. (1996). Judgements of correlation in 
scatter plots: Students’ intuitive strategies and preconceptions. 
Hiroshima Journal of Mathematics Education, 4, 25–41.  

12.	 Engel, J., & Sedlmeier, P. (2011). Correlation and regression in the 
training of teachers. In C. Batanero, G. Burrill & C. Reading (Eds.), 
Teaching statistics in school mathematics – challenges for teaching 
and teacher education: A joint ICMI/IASE study: The 18th ICMI study 
(Vol. 14, pp. 247–258). Springer.   

13.	 Batanero, C., Estepa, A., & Godino, J. D. (1997). Evolution of students’ 
understanding of statistical association in a computer-based 
teaching environment. In J. B. Garfield & G. Burrill (Eds.), Research 
on the role of technology in teaching and learning statistics: 
Proceedings of the 1996 IASE Round Table Conference (pp. 
191–205). International Statistical Institute.  

14.	 Garfield, J. B., Ben-Zvi, D., Chance, B., Medina, E., Roseth, C., 
& Zieffler, A. (2008). Learning to reason about covariation. In J. 
B. Garfield & D. Ben-Zvi (Eds.), Developing students’ statistical 
reasoning: Connecting research and teaching practice (pp. 
289–308). Springer.  

15.	 Konold, C. (2002). Alternatives to scatterplots [Conference session]. 
The Sixth International Conference on Teaching Statistics (ICOTS 6), 
Cape Town, South Africa.  

16.	 Swift, T. (2020). Willow [Song]. On Evermore. Republic Records.
17.	 NeuroLaunch Editorial Team. (2024, September 15). Covariation 

psychology: Unraveling human perception and judgment. 
NeuroLaunch. 

Children as young as six can begin to develop a covariational view by exploring relationships between quantities as they change, but are often 
provided with limited opportunities to do so, focusing instead on patterns in a single variable.4 Overemphasising a static approach, often a result of 
drawing graphs without technological support, may mean that students conceptualise a graph or function as a series of isolated points only, rather 
than recognising that patterns of covariation continue in the gaps.5,6 In statistics-related contexts, this can be even harder, as students have to think 
about both the covariation based in the underlying relationship (the model without the randomness), and the statistical variation present in the data 
(what happens in real life when the randomness is present). This leads to a ‘signal and noise’ model of covariation in statistical contexts; for instance, 
when using lines of best fit.7

Implications:
Students can be given opportunities to explore covarying quantities from early primary education onwards

Focusing on plotting or comparing pairs of values may limit opportunities to develop covariational reasoning

Covariational reasoning in statistical contexts requires students to also coordinate the idea of signal and noise, and this can be challenging
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Early experiences of covariation can be developed alongside exploration of pattern by coordinating a pattern with the counting sequence (perhaps 
using number cards; see  Espresso 47 for more detail).8 Thinking about covariation by understanding variation as happening over time and 
explicitly thinking about the relationship between the two may support the development of covariational reasoning.9,10 Students are usually more 
successful at describing or identifying an association between two variables in graphs or charts rather than in tables.11 Activities which may support 
developing concepts related to covariational reasoning tend to focus on highlighting fallacies and misconceptions, using modelling, and using real 
data and familiar contexts where some prior expectation or insight about the data may be explored.12

Implications:
Activities related to patterns can incorporate covariational reasoning by offering opportunities to coordinate a counting sequence with the 
pattern (perhaps using number cards) 

It may be beneficial for students developing covariational reasoning to focus on how quantities may change over time

Exploring covariation through multiple representations is important; students may have more success with identifying associations in graphs 
than in tables 

Useful activities might include highlighting fallacies and misconceptions, using modelling, and using real data and/or familiar contexts

Students may find it easier to make judgements about relationships in familiar contexts, which can lead to useful cognitive conflicts
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Using technology tools (rather than drawing on paper) to graph patterns, relationships and functions may support a global and dynamic view of 
patterns of covariation rather than a static view.5 Using multivariate data sets (that have many different variables, preferably of different types) 
allows opportunities for students to explore relationships between multiple pairs of variables and test their predictions. Technology tools allow 
rapid drawing of graphs and trend lines to support this approach, often known as  exploratory data analysis.13,14 These tools may also allow data 
to be presented in non-standard formats that are easier to interpret for some students; for example, plotting one variable in the data as a dot plot, 
with a colour gradient imposed on the dots to give a sense of the value of the other variable.15

Implications:
Software tools can be used to support students’ exploration of covariation in multivariate data through exploratory data analysis

Rapid drawing of graphs using technology can allow more time and focus on seeking and characterising patterns of covariation

Creating and exploring non-standard representations of data may support students in developing insight into associations between 
covarying variables
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“Imagine you’re at a party, and you notice your friend Sarah laughing at all of John’s jokes. You might start to wonder 
if there’s a connection between John’s humor and Sarah’s amusement. That, my friend, is covariation in action – the 

tendency of two variables to change together”

NeuroLaunch, 202417

“The more that you say, the less 
I know”

Taylor Swift, 202016
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