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We investigate the following problem: How does students’ covariational reasoning
(Carlson et al., 2002; Thompson & Carlson, 2017) relate to their graph selection on a fully online
assessment? In particular, we focus on students’ distinction between linear and nonlinear graphs
representing the same direction of change in variables. Figure 1 shows two such graphs.

Figure 1: Two graphs relating diameter and height for a fishbowl filling with water

When a student engages in covariational reasoning, they can conceive of relationships
between attributes that they view to be capable of varying and possible to measure (Carlson et
al., 2002; Thompson & Carlson, 2017). Per the framework from Thompson and Carlson (2017)
an early level of covariational reasoning is the “gross coordination of values,” which refers to a
loose connection between the direction of change in attributes. For either graph in Figure 1, a
student reasoning this way can conceive of the diameter increasing then decreasing while the
height continues to increase (see Figure 1).

We situate this case study (Stake, 1994) in a larger interview-based validation study of a
fully online covariation assessment (Johnson et al., 2021). The assessment contains six items;
students view a video animation, then select one of four graphs that best represents a relationship
between variables. We report on a case of an early undergraduate student, Maya, who
spontaneously wondered how to select between graphs such as the ones shown in Figure 1.

On three items, Maya’s covariational reasoning was at least at a level of gross coordination
of values, as evidenced by her explanations. Appealing to the direction of change in attributes or
a value of an attribute at a single instance, Maya narrowed down the graphs to two choices. Both
represented the same direction of change in related attributes. She then selected a graph based on
physical aspects of the situation (e.g., “the motion of the cone seems more linear than, than like a
wave”). For Maya, either graph was satisfactory. The assessment forced her to make a choice.

Maya’s case illustrates how students’ covariational reasoning can intertwine with their
interpretation of physical aspects of the situation. She demonstrates how students can engage in
both figurative and operative thinking (Moore et al., 2019) when interpreting graphs, in ways
that are compatible from a student perspective.

Acknowledgement. This research was supported by U.S. National Science Foundation
award 2013186. Opinions, findings, and conclusions are those of the authors.

Lischka, A. E., Dyer, E. B., Jones, R. S., Lovett, J. N., Strayer, J., & Drown, S. (2022). Proceedings of the forty-fourth annual meeting 881
of the North American Chapter of the International Group for the Psychology of Mathematics Education. Middle Tennessee
State University.



References

Carlson, M., Jacobs, S., Coe, E., Larsen, S., & Hsu, E. (2002). Applying covariational reasoning while modeling
dynamic events: A framework and a study. Journal for Research in Mathematics Education, 33(5), 352-378.
https://doi.org/10.2307/4149958

Johnson, H. L., Olson, G., Smith, A., Gardner, A., Wang, X., & Donovan, C. (2021). Validating an assessment of
students’ covariational reasoning. In Olanoff, D., Smith, K., and Spitzer, S (Eds.), Proceedings of the 43rd Annual
Meeting of the North American Chapter of the International Group for the Psychology of Mathematics Education
(pp. 63-67). Philadelphia, PA.

Moore, K. C., Stevens, 1. E., Paoletti, T., Hobson, N. L. F., & Liang, B. (2019). Pre-service teachers’ figurative and
operative graphing actions. The Journal of Mathematical Behavior, 56, Article 100692.
https://www.sciencedirect.com/science/article/pii/S0732312318300269

Stake, R. E. (1994). Case studies. In N. K. Denzin & Y. S. Lincoln (Eds.), Handbook of qualitative research (pp. 236—
247). Sage Publications, Inc.

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). Reston, VA:
National Council of Teachers of Mathematics.

Lischka, A. E., Dyer, E. B, Jones, R. S., Lovett, J. N., Strayer, J., & Drown, S. (2022). Proceedings of the forty-fourth annual meeting
of the North American Chapter of the International Group for the Psychology of Mathematics Education. Middle Tennessee
State University.

882


https://doi.org/10.2307/4149958
https://www.sciencedirect.com/science/article/pii/S0732312318300269

