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Testing Physics Game Carkit: Trials and Tribulations

Utrecht School of the Arts developed a prototype for an educational physics game called Carkit. We have conducted various forms of validation research to test. 
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Testing Physics Game Carkit: Trials and Tribulations Lies van Roessel, Willem-Jan Renger Utrecht School of the Arts, Faculty of Art, Media and Technology [email protected] [email protected]



Abstract In this short paper, a test done to measure the learning effects of physics game Carkit is elaborated upon. We explain the design considerations behind Carkit, the setup of the test and reflect on the issues emerging during the execution of the test.



1. Introduction Educational games are said to have great potential when designed well (Gee 2003, Schaffer 2006) and embedded in the right way in the classroom (Egenfeldt-Nielsen 2007). Within the Dutch research program GATE, the R&D program Applied Game Design (AGD) at the Utrecht School of the Arts developed a prototype for an educational physics game called Carkit. We have conducted various forms of validation research to test Carkit’s effectiveness and implementation implications. One of these tests focused on whether the game was achieving the aimed learning effects. In this short report we will go into the methodologies of this investigation, i.e. how we set it up and what the lessons learned were. We will elaborate on how we could improve the methodology, so that the results would more accurately reflect the effects of the game itself rather than the circumstances under which it was tested. In the first section, we describe Carkit’s gameplay and elaborate on the design considerations behind it. Then we go into the tests we conducted to measure the learning effects. Finally, rather than presenting the results of the tests in detail, we will go into the issues that occurred during testing. Next to issues with installing Carkit, we will go into how the changing role of the teacher has affected this test.



2. Carkit and its design Gameplay Carkit is the prototype for a computer game that aims to teach Newtonian physics to high school students. It was developed as a pilot in the Dutch GATE research program 1 by the R&D program AGD at the Utrecht School of the Arts (HKU). We designate Carkit as an indirect race game, which means that the player does not control his/her racer by directly steering the vehicle, but by setting the racer’s features and planning the route for the racer beforehand. When these settings are saved, racers race plenary against each other in a classroom setting. The racer of the player(s) that reaches the finish 1
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first wins. After that, the teacher can reflect with the students on why this particular racer did so well and why others did not reach the finish as quickly. Roughly, the influence of the player on the racer has two sides: Firstly, the player can adjust the features of the racer. This can be done on three fronts: mass (massa2), force (stuwkracht) and brake (remmende werking) (see Figure 1).3 Secondly, the player can plan the route of the racer and decide which racer modification will be applicable on which part of the route (see Figure 2). For instance, when there is a long straight part, the player can choose for a lot of force and less mass, whereas in a bend the racer might require more mass, less force and more brake to prevent the racer from running off track. When the player has set the route with the desired modifications, s/he can save the settings and hand it over to the teacher, who can let the racers race against each other.



Fig. 1. Modifying the racer Design considerations There are two considerations we want to explain here, as they led to significant design choices. Firstly, when it comes to educational games, we believe the game should first and foremost be engaging. When a game is not motivating enough to play from the start, it will simply not be played (or played reluctantly when enforced by a teacher or parent) and therefore not accomplish the desired effect. Moreover, what makes games promising for education is their ability to intrinsically motivate people to play them and to keep playing them. This is one of the core assets of games, which we think should be maintained in educational games. Thus, for this project 2



As the game was developed for Dutch students, the physics terms in the game are in Dutch. 3 The first two terms are official terms in physics, whereas the last one is a combination of different kinds of friction, but basically makes the vehicle slow down, i.e. using its brakes.



 



Colloque Serious Games et Outils de simulation popular game genres were taken as a starting point. The aim was to investigate to what extent mapping educational purposes to these existing genres can be successful.



Fig. 2. Planning the route Race games are a popular game genre, having highly competitive components, but they seem to mainly improve hand-eye-coordination. Therefore, Carkit became a variant of this genre: the principles and competitiveness of the original genre were maintained, but the possibilities of the players shifted from actually steering the racer to influencing its physical properties – an action closer to what is learned within physics. Secondly, the classroom reality was an important factor when designing Carkit. After conversations with teachers, a major issue that surfaced was that Dutch curricula are full, i.e. there is not much time to try out new things. At home, the students have more time to spend, as well as having more advanced computers at their disposal. Therefore, most of the time playing Carkit should be spent at home. Thus, setting the properties of the different modifications of the vehicle and planning the route is done with the Carkit Editor, which is installed on the students’ own computers, whereas the teacher can load the racers and have them compete against each other and show the race on a beamer.



3. Testing Carkit We tested a prototype of Carkit on a Dutch high school in the city of Amersfoort. The main purpose of this test was to investigate whether there were learning effects: do students actually get more insight into Newtonian physics by playing Carkit? We conducted the test with a total of 42 students from three classes of the Dutch secondary education system (13-16 years old). The two different teachers were supposed to have played Carkit before the tests started, however one of them had not. We will go further into this in the reflection.



In order to measure the students’ level of Newtonian mechanics, we used questions from the Force Concept Inventory (FCI), a physics test that probes student beliefs on the matter of force. We used a Dutch version of the FCI, translated by M.H.H. Hoevenaar. Together with a high school physics teacher4 we selected the questions that concerned topics apparent in Carkit. 3.1 Procedure After having filled out the pretest, the students played Carkit twice in their regular science lessons.5 In the first lesson, Carkit was installed on their laptops6 and they got a manual about how to play it, containing merely the functionalities of the buttons and screens, so no advice on strategies. The students were told to pair. The teacher gave a short presentation about the test, the game Carkit and what was expected of the students. The students got two tasks: firstly, to plan a route for a straight line,7 and secondly, setting their racers for a race with a 90 degrees bend. When having set their racers, the students uploaded the racers on the school’s intranet, so that the teacher could download them into the eventual race environment. The posttest was done within a week after the play sessions.



4. Results and reflection Although results from earlier tests and questioning the students afterwards showed an increased motivation for physics class, there was no learning effect of Carkit concerning Newtonian physics. In other words, no significant increase in scores was found on scores on the posttest compared to the pretest. We think there are many factors that have influenced this result, however here we focus on 1) the technical/usability problems and 2) on the role of the teacher. One click Carkit’s state of art turned out not to be sufficient for the test. Before being able to play the game, several steps were needed. Two supporting programs, DirectX and PhysX, were to be installed before Carkit itself could run. 4



This particular teacher did not teach at the school where the tests were conducted. This teacher was involved earlier in the process and tried to test Carkit by himself at the school where he worked. However, Carkit was not technically developed yet to be a standalone game, and testing Carkit failed at that point. 5 At the school where we tested, physics and chemistry as well as biology were taught together in a course called science. 6 At this school, all students own their own laptop. They purchase these laptops themselves, so the laptops differ in type and processing power. This turned out to be problematic, as will be elaborated upon in the discussion. 7 For the straight line, there was one right answer; the fastest way to reach the finish is to set the mass at the minimal value (five kilograms), the force at the maximum value (100N) and the brake at a minimum value (0.01). Thus, there is no need to change the modifications. Note that the brake is a symbolic value; it does not correspond to a real value, but is a combination of different kinds of friction.  



Colloque Serious Games et Outils de simulation Although we explained the steps the students had to take for this, it was still problematic. This was probably due to the fact that too many steps were involved and that the explanation was done plenary on a white board. A possible solution might be to offer Carkit and the supporting software in one executable, which means one click is enough to make the whole installing process start. Since Carkit was developed as a prototype, making one executable for the tests was not possible due to time and budget limitations. However, when an educational game is developed for implementation on a broader scale, investing time and money in reducing the number of steps teachers and students should take to make the game run, is certainly recommended. The lesson we learned was to not overestimate the students’ willingness and abilities to take multiple steps to play a game.



Secondly, when having their students play the game, teachers will give up part of their control over the lessons and the learning process. The role of the teacher will therefore change from someone that conveys knowledge towards a coach. Egenfeldt-Nielsen (2007) also recognizes this need for change in the role of the teacher in order to successfully apply games in the classroom. This is not to say that a teacher’s role will become easier or less important, coaching is just another expertise. If the teacher does not recognize and accept this change, implementing games in formal education becomes nearly impossible. Thus, the second lesson we learned was to take time, before measuring any effects, to make the teacher feel at ease with 1) the game, 2) the technology and 3) his/her new role.



The changing role of the teacher Another interesting lesson learned with regard to our method, concerned the role of the teacher. One of the two teachers was not so sure of what was expected of his role. Consequently, he did not take the lead at the moment of reflecting after the plenary race, but left this to the testers. This was probably due to his lack of preparation of the tests, since he had hardly played Carkit himself, which made him insecure about his role and his expertise. This indicates a broader issue regarding educational games: when games are to be implemented well in classrooms, teachers need to realize that their role will change. First of all, teachers need to feel comfortable with the game and the technology; otherwise they won’t use it in their lessons. So they should spend time to play the game and discover its possibilities, and in order to do that, they have to be convinced that the game will truly contribute to their lessons. Regarding the abovementioned full schedule a typical (Dutch) teacher has, the conviction that the time spent is worthwhile has to be strong.



References Egenfeldt-Nielsen, Simon. (2007) Educational Potential of Computer Games. New York: Continuum Press. Gee, James Paul. (2003) What Computer Games have to Teach us about Learning and Literacy. Basingstoke: Palgrave Shaffer, David. How Computer Games Help Children Learn. New York: Palgrave.
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