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TPCK and Educational Games
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Abstract: Learning scientists are increasingly turning to computer and video games as tools for

learning. Simulation might not only motivate learners, but provide accessible ways for students to

develop intuitive understandings of abstract physics phenomena. This study examines what

learning occurs when an electromagnetism simulation game is used in a school for underserved

students. Students in the experimental group performed better than students in the control group

(guided discovery-based science) on measures for understanding. Game mechanics enabled

students to confront weaknesses in understandings, and physics representations became tools for

understanding problems. Implications for the design of educational digital media are discussed.

Yet, it was also these very same game mechanics posed significant challenges in terms of student

engagement, motivation, and learning of physics concepts.

Keywords: computer games, simulation, electromagnetism, physics education.

Introduction
Many science educators advocate conceptual or qualitative physics, the notion that physics is best taught

not by mathematical formulae, but rather through experiments, labs, demonstrations, and visualizations which help

students understand physical phenomena conceptually (diSessa, 2000; Forbus, 1997; Hewitt, 2002). Consistent with

the Physics First curricular movement, this perspective maintains that a deep, fundamental understanding of physics

provides a solid basis for future science learning. How to engage younger students in complex physics thinking is a

challenge, but computer simulations provide one intriguing way to engage students in the study of abstract, complex

physical phenomena (diSessa, 2000; Dede et al., 1999). Digital technologies can immerse the learner in worlds that

not only represent scientific phenomena, but behave according to the rules of physics. Simulated worlds can be

programmed to behave by Newtonian or Maxwellian rules (Dede et al., 1999). By representing the simulation

through digital gaming conventions, educators can potentially increase engagement while also fostering deeper

learning, as learners engage in critical and recursive game play, whereby they generate hypotheses about the game

system, develop plans and strategies, observe their results and adjust their hypotheses about the game system

(Cordova & Lepper, 1996; Gee, 2003; Squire, 2003). Experiences in game worlds become experiences that students

can draw upon in thinking about scientific worlds, using their intuitive understandings developed in simulated

worlds to interpret physics problems. By representing complex scientific content through tangible, experienced non-

textually-mediated representations, simulated worlds may also engage reluctant learners in the study of science.

The purpose of this study is to examine what happens when a 3D simulation-computer game designed to

support the teaching of electrostatics is brought into middle school classrooms. Specifically, we examine:

1. What social practices emerge as students engage in collaborative and cooperative games?

2. What strategies do teachers use to incorporate the game into their curricula?

3. What is the impact of learning with Supercharged on students’ learning of electrostatic concepts?

This study uses mixed research methods (quantitative and qualitative, experimental and naturalistic) to examine

these questions as a part of a broader design experiment methodology.

Theoretical Background: Electrostatics and Conceptual Physics
Many scientific domains deal with abstract and multidimensional phenomena that people have difficulty

comprehending. Mastery of abstract scientific concepts requires that students build flexible and testable mental

models (Barnett, Keating, Barab, & Hay, 2000; Redish, 1993). Frequently, however, students are asked to develop

an accurate scientific mental model that have no real-life referents, incorporate invisible factors and complex
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