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Abstract: Although kinematics concepts are key in high school and university physics courses, 

students face significant difficulties in understanding them. Research shows that real-time graph 

visualization can help improve comprehension of these concepts. In this oral presentation, we will 

describe a project we are currently developing, which involves the creation of a physical-

computational video game environment where students replicate motion using their own bodies 

based on a given graph. A position sensor generates a real-time graph that is compared to the target 

graph, and students are scored on their accuracy. Preliminary results show improved 

comprehension and high student motivation. 

 

What is the framework of our project? 

The study of movement and its causes is essential in our interaction with the world. 

It allows us to understand phenomena related to the operation of vehicles, the trajectory 

of a ball, our own movements and even the mechanics of the solar system. This 

importance is reflected in the content of education at all levels. However, even after the 

students have gone through several courses in which they work on these contents, it has 

been reported that they present significant difficulties to understand fundamental concepts 

of kinematics [1-4]. 

Among the various conceptual difficulties, we can mention confusion between the 

concepts of position, displacement, distance, velocity, and acceleration stands out. 

Additionally, when working with position, velocity, or acceleration graphs as functions 

of time, common errors include assuming that a graph is a literal image of the situation 

or confusing the meaning of the slope at a point with its value on the vertical axis [1-2]. 

It has also been reported that students who visualize real-time graphical representations 

of movements achieve better results in understanding these concepts [3]. Another 

potentially effective tool, particularly for sparking students' curiosity and attention, is the 

use of video games and gamification [4]. 

What are we doing? 

To overcome these difficulties in understanding kinematic concepts and graph 

interpretation, we are developing a physical-computational video game environment and 

several activities to be carried out within it. In these activities, students are given a 

position or velocity graph as a function of time, and they must interpret the motion and 

replicate it with their own body. As they move, a position sensor generates the 

corresponding graph in real time and overlays it on the target graph. Based on the 

similarity between the two graphs, students will receive a score according to their 



performance. We will make use of non-expensive and easily accessible ultrasound 

sensors. 

What do we expect? 

We believe that integrating computational thinking, sensor technology, and 

fundamental physics concepts will be broadly appealing and contribute significantly to 

enhancing students' education. Leveraging students' own bodies in the learning process 

fosters deeper engagement with their environment while inspiring both students and 

educators. By making physics concepts tangible and interactive, we aim to bridge the gap 

between abstract theory and real-world application, making learning more accessible and 

enjoyable. 

Through this project, we aim to develop instructional activities and sequences that 

will subsequently be evaluated using the methodologies currently established within the 

discipline. In addition to creating the gamified environment, we are committed to 

providing comprehensive teacher training programs. These programs will equip educators 

with the necessary skills and knowledge to effectively integrate the tools and associated 

activities into their curricula. The training will focus not only on the technical use of the 

sensors and software but also on pedagogical strategies to maximize student engagement 

and learning outcomes. 

To assess the effectiveness of our approach, we will conduct rigorous impact 

evaluations involving groups of high school students, including pre- and post-intervention 

assessments to measure improvements in students' understanding of kinematic concepts 

and their ability to interpret motion graphs. We will also gather qualitative feedback from 

both students and teachers to gain insights into their motivations, experiences, and 

identify areas for further improvement. Preliminary results are very encouraging, and we 

have also observed high levels of student motivation while working on them. 

Perspectives 

We are at the final stages of developing the first version of the video game, which 

will be free to use. We hope it will be widely adopted in our country, Uruguay, and that 

educators in other parts of the world will also feel encouraged to use it in their courses. 
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