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Abstract. This study was designed to overcome students' difficulties in interpreting motion graphs 

and describing motion through graphs. We used tasks involving motion that can be observed in 

everyday life, such as a modified PISA racing car problem, and designed a short intervention. Eye-

tracking technology was used to track participants' visual attention while they completed the tasks 

and analysed the supporting questions. The results highlight the challenges of responding too 

quickly and treating graphs as pictures. The findings underline the benefits of even a short 

intervention that encourages a reflective approach and addresses intuitive reasoning to improve 

students' understanding motion graphs. 

Introduction and theoretical framework 

Graphs are an essential tool for representing and analysing physical phenomena, as they allow 

for visualizing the relationships between different quantities. Both physics and mathematics 

education research has extensively investigated student difficulties with graphs, e.g. [1-4]. Eye-

tracking methodology is also used to diagnose the students’ difficulties [e.g. 5-7] 

Psychological Dual Process Theory [e.g. 8] provides a perspective to physics and mathematics 

education for interpreting research results [9-10], paying attention to students' fast thinking, which 

results in intuitive wrong answers, versus slow thinking, which activates analytical thinking and 

self-monitoring. Our research aims to activate analytical and critical thinking to help students 

overcome difficulties in understanding motion graphs. 

Research methodology 

Our research question is: How can we help students overcome difficulties in interpreting 

graphs? More specifically, how does a brief intervention designed to promote slow analytical 

thinking, as described by Dual Process Theory, affect students' comprehension of motion graphs? 

Participants in this study were undergraduate mathematics students in different years of study 

from Croatia and Poland.  

First, students answered questions provided in problems focused on two directions of 

reasoning: from mathematical model to its interpretation (e.g. modified PISA mathematics item 

M159Q01, [11]) and from a description of real life situation to its mathematical model (e.g. 

modified stone problem, [7]). The set of tasks formed pre-test.  

After each task from the pre-test, students were asked some additional short questions related 

to the situation presented in the task, which acted as heuristic cues for understanding and analysing 

the problem. After each such brief intervention, the students answered the same task again. The 

second attempt at each task formed the post-test. 



Eye movements were recorded using the Tobii Pro X3-120 of the system with a sample rate of 

120 Hz. The recorded eye movement data were analysed using Tobii Studio software. After 

completing the eye-tracking session, students also answered a brief written questionnaire in which 

they assessed their level of knowledge and skills in high school mathematics and physics. Finally, 

they assessed the difficulty of the tasks and shared opinions and doubts on them. 

Findings and Conclusions  

The students often chose the option which indicates treating the graph as a 'picture'. Results of 

the study are in line with previous studies that used dual-process theories (e.g. [8]) to explain why 

students who acquired the relevant knowledge and skills still tend to rely on their intuitively 

appealing (and often incorrect) ideas [9,10]. 

We have also shown that even brief intervention brings a significant improvement in the 

understanding of motion graphs. The additional questions about graphs can help students better 

understand the complex motion presented in the tasks. The impact of the additional questions lies 

not only in prolonging the time spent analysing the graph but mainly in effectively directing 

attention to the relevant parts of the graph.  

These results confirm that it is necessary to design instructional strategies that address students' 

intuitive reasoning and promote reflective thinking. 

References 

[1] L. C. McDermott, M.L. Rosenquist and E.H. van Zee, Student difficulties in connecting 

graphs and physics: Examples from kinematics, Am. J. Phys. 55 (1987) 503-13. 

[2] M. Planinic, L. Ivanjek, A. Susac and Z. Milin Sipus, Comparison of university students’ 

understanding of graphs in different contexts, Phys. Rev. ST Phys. Educ. Res. 9(2) (2013) 

020103. 

[3] G. Leinhardt, O. Zaslavsky, M.K. Stein, Functions, graphs, and graphing: Tasks, learning, 

and teaching Rev. Educ. Res. 60 (1990) 1-64. 

[4] C. Janvier, Use of situations in mathematics education, Educ. Stud. Math. 12(1981), 113-22. 

[5] P. Klein, A. Lichtenberger, S. Küchemann, S. Becker, M. Kekule, J. Viiri, C. Baadte, A. 

Vaterlaus and J. Kuhn, Visual attention while solving the test of understanding graphs in 

kinematics: an eye-tracking analysis, European Journal of Physics 41(2) 2020, 025701. 

[6] A. Susac, M. Planinic, A. Bubic, K. Jelicic and M. Palmovic, Linking information from 

multiple representations: an eye-tracking study, Front. Educ. 8 (2023) 1141896. 

[7] R. Rosiek and M.  Sajka, One Task – Many Strategies of Interpreting and Reasons of 

Decision Making in the Context of an Eye-Tracking Research, AIP Conference 

Proceedings 2152 (2019). AIP Publishing. 

[8] D. Kahneman, Thinking, Fast and Slow, New York: Mac Millan USA, 2013. 

[9] C. R. Gette, M. Kryjevskaia, M. R. Stetzer, P. R. L Heron, Probing student reasoning 

approaches through the lens of dual-process theories: A case study in buoyancy, Phys. Rev. 

Phys. Educ. Res. 14 (2018) 010113. 

[10] M. Kryjevskaia, M. R. Stetzer, B. A. Lindsey, A. McInerny, P. R. L. Heron, A. Boudreaux, 

Designing research-based instructional materials that leverage dual-process theories of 

reasoning: Insights from testing one specific, theory driven intervention, Phys. Rev. Phys. 

Educ. Res. 16 (2020) 020140. 

[11] OECD 2006 PISA Released Items – Mathematics. 


