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Abstract
This paper explores the affordances of digital video games in the learning of science amid a changing learner demographic. Current research in this area is largely focused on motivational aspects of video games. It is desirable, however, to investigate the effects of video games on learning of curricular content beyond mere engagement in the science classroom. Anchoring on diSessa’s (1993) “knowledge-in-pieces” model of conceptual change, it is argued that well-designed video games are primed to provide the bridge between conceptual learning in science and the motivation to engage in scientific content. Interviews conducted with 21 students from a preliminary field study of EPIGAME – a physics video game played by Grade 9 students from a public high school that explores Newton’s laws of motion, suggest that apart from motivating students to engage in the learning of scientific content, video games can impart curricular content if designed correctly and used with appropriate instructional strategies. However, the data also suggest that the changing expectations of learners provide a design challenge to educational video game designers.
Introduction
[bookmark: _GoBack]	From need to necessity. Perhaps an apt description of how digital technology has transformed our lives. Who could have imagined the near ubiquitous smartphone phenomenon that has now revolutionized how we communicate and interact with the modern world? Any of us born prior to the late 1990s are considered relics of the past, or what Prensky (2001b) calls the digital immigrants. Prensky described youths who were born and who grew up entirely in this digital age as digital natives, and the rest, digital immigrants. He argued for rethinking how the way of education must change because the digital natives “think and process information fundamentally different from their predecessors”. Prensky (2001a) advocates for digital game-based learning as a pedagogy to bridge the divide between the generation of teachers who were born in the pre-digital era and the generation of learners who were raised in a digital world. 
	Ironically, this recognition of the affordances of video games for learning has not led to a revolution of teaching approaches as evidenced by the dearth of research in this area by various researchers (Honey & Milton, 2011; Squire, 2006). Some researchers point to how video games are already extensively used in certain fields such as in military training, medical school and race car driving, because video games provide a controlled environment to enact scenarios that mimic reality, what more to train students to think like mathematicians, scientists and engineers (Honey & Milton, 2011; Maxmen, 2010, Prensky, 2001a). Papastergiou (2009) points instead to the lack of research in curricular content aspects and academic benefits of games as most studies done on video games seem to focus on the motivational aspects of it. 
Beyond the research community, the situation is not made any easier when the traditional constructs of schooling are still very much alive in the current era and one needs only to walk into any classroom and see that the majority of power still resides in the teacher. Yet, educators who argue for the socioculturalist stance (Lave & Wenger, 1991) must surely recognize the importance of learners’ social, historical and cultural predispositions. If the average college graduate is spending less than 5000 hours reading but more than 10,000 hours playing video games (Presnky, 2001b), what more the emerging digital natives, born in this century, who are exposed to so many other technological inventions that did not exist in the previous century – iPads and social media, just to name a couple. Due consideration must be given to the prior experiences that learners bring to the classroom, including predisposed skills that they have acquired from their constant exposure and interaction with digital technology (Prensky, 2001a). Additionally, if traditional schooling continues to structure classrooms based on the “banking concept” where power resides largely with the teacher, then surely, schools are doomed to fail in this postmodern society where learning should be a co-construction of knowledge between the learner and the teacher (Friare, 2009). Video games therefore hold the key to transferring ownership of learning from the teacher to students. 
	This paper is thus concerned with exploring the affordances of video games in learning science by first providing an analysis of the theoretical underpinnings of using video games in learning, and then supplementing findings from current research with preliminary data from a field study done on EPIGAME – a physics video game that was played by students in a public high school. The paper will begin with a brief description of the “knowledge in pieces” model of conceptual change by diSessa (1993). This model is chosen because similar to how scientific knowledge is constructed as proposed by the model, the progression of players within video games is anchored upon building expertise from prior experience as players engage in various missions. diSessa’s model proposes that scientific knowledge of learners can be constructed from an “underlying sense of mechanism” – a theoretical view of the world, that needs to be developed and refined rather than replaced or confronted. Players do not forget the skills or experience that they have gained from a previous mission when they start a new mission. In fact, video games expect players to be able to assimilate, adapt and accumulate different skills from different missions depending on context, not re-learn specific skill-sets when they face a “boss” stage. As mentioned, much research done on video games have explored the nature of how video games enhance motivation to learn (Honey & Milton, 2011; Papastergiou, 2009). Thus, following the explanation of the model for scientific conceptual change, an analysis of Self-Determination Theory (SDT) by Ryan and Deci (2000) will illuminate how SDT is relevant to the ways video games can enhance motivation to learn, and how the context of learning is intricately bound to student dispositions to learn. Next, the paper will explore how affordances of games as shown by various researchers can be designed and assessed as part of the enacted curriculum within a classroom. This paper will then conclude with a discussion of preliminary findings from a field study of EPIGAME to add to the current body of literature on the effectiveness of video games in learning science. 
Conceptual Change in Science
	Although there are several models of conceptual change in science proposed by various researchers in the field, this paper is focusing on the ‘knowledge in pieces” model of conceptual change by diSessa (1993) because of its close alignment to developing expertise in video games. Within the domain of scientific conceptual change, there are two main theoretical perspectives – “knowledge-as-theory” and “knowledge-as-elements” (Parnafes, 2012). The “knowledge-as-theory” view suggests that learners have coherent naïve scientific conceptions from daily experiences and these theories tend to be resistant to change. Researchers of this view advocate that these naïve conceptions, or misconceptions, need to be confronted and replaced (Posner, Strike, Hewson and Gertzog, 1982; Vosniadou, 2002). The “knowledge-as-elements” view, on the other hand, is anchored on diSessa’s (1993) “knowledge in pieces” model of conceptual change. The epistemic framework of that model stems from learners’ intuitive understanding as made up of many small elements called p-prims. These p-prims are context sensitive so focusing on specific aspects, questions or scenarios will cue different p-prims and thus different explanations, rather than consistent naïve theories as espoused by the knowledge-as-theory view.
	In the “knowledge in pieces” model of conceptual change, diSessa (1993) describes p-prims as small knowledge structures that are recognized as part of larger systems. p-prims are considered “ready schemata” in how learners use them to explain daily phenomena. They are activated based on a “cueing priority” sequence where a high “cueing priority” implies that only a small contingent of conditions are necessary for the p-prims to be activated. In relation to learning science, p-prims with high “cueing priority” could be due to learners’ extended experiences with the physical world that lead to certain p-prims being cued even though they may be based on wrong notions of science. For instance, the p-prim “force as mover” is based on the idea that pushing an object will cause the object to move in the direction of that force. If the object is already in motion, exerting a force in a different direction to the object’s motion will not cause the object to move in the direction of the force applied, as typically assumed by novice learners. Instead, the object moves on a different trajectory to the force applied, depending on the vector summation of all forces acting on the object. 
Learners should instead be invoking the p-prim “force as deflector” to explain this phenomenon but fail to because “force as mover” has a higher “cueing priority” (diSessa, 1993). Multiple daily examples can be cited that reinforce “force as mover” as a p-prim with higher “cueing priority” such as pushing a toy car or throwing a ball. In fact, the underlying intuitive sense of mechanism of learners is reinforced negatively when they do not see the “force as deflector” p-prim in action. For instance, one might think that kicking a ball or hitting a baseball with a baseball bat should reinforce “force as deflector”. However, more often than not, the act of hitting or kicking the ball is to change the direction of the ball by exerting a force large enough to cause the ball to move in the intended direction of the force. Arguably, one can contend that the angle of contact between the foot or baseball bat to the ball, affects the direction of force on the ball and therefore its subsequent motion. In reality, that level of expertise is reserved only for experts, and hardly any child will go to that level of analysis. Thus, to the typical learner, the daily experiences of “force as mover” becomes reinforced in their intuitive sense of mechanism and has a higher “cueing priority” to be invoked in scientific explanations.
diSessa (1993) further elaborates on how conceptual change takes place from naïve conceptions towards expertise. He explains that the priority of change in p-prims depends on context. Some p-prims become greatly enhanced and change from “relatively isolated, self-explanatory entities to pieces of a larger system” of p-prims within a priority network. This priority network is what experts depend upon to provide scientific explanations of phenomena. Contrary to diSessa’s model of conceptual change, researchers of the “knowledge-as-theory” stance generally view naïve conceptions of learners as fairly coherent and resistant to change (diSessa, Gillespie & Esterly, 2004). This coherence of naïve conceptions results in learners using “certain basic ontological and epistemological presuppositions” to explain daily phenomena, and they are less malleable and mutable to change (Vosniadou, 2002). The key difference between both models is how p-prims are not seen as impediments to knowledge construction whereas certain coherent naïve conceptions, or misconceptions, are seen to impede learning and must be confronted and replaced. In a similar vein, Smith, diSessa and Roschelle (1993) contend that researchers who advocate for naïve conceptions of learners to be confronted and replaced, are going against constructivist notions of knowledge acquisition where the prior knowledge of learners are emphasized. In their view, the “knowledge in pieces” model of conceptual change is aligned to the constructivist stance of how learners acquire expertise through the process of adapting prior knowledge, because the p-prims serve as productive resources in the formation of a knowledge network. 
This is not so dissimilar to how video games require players to gain experience and skills within a mission that typically culminates in players using their range of skills to complete a “boss” mission at interim stages of play. Additionally, the skills that players acquire at each stage add to the repertoire of skills that players can use at the “boss” stage. Video games such as Ninja Gaiden and the Final Fantasy series require players to use varied combinations of skills that players can enact through various combinations on the controller in order to defeat the “boss” stage. This view is supported by Squire (2013) who suggest that one of the principles for video games designed for learning is the “construction of challenges that build on users’ pre-existing beliefs”. It is within this framework of video games design that diSessa’s (1993) “knowledge in pieces” model of conceptual change can be incorporated into science video games to bring about incremental conceptual change in learners. 
Motivation to Learn
	One of the biggest affordance of using video games is its ability to engage learners in learning. Necessarily, before any discussion about how video games can be incorporated as part of an effective science curriculum, an analysis of the principles behind motivation and the importance of providing the right context for student motivation must be provided as a frame to anchor the curriculum design of using games in learning science. This paper will be referencing Self-Determination Theory (SDT) by Ryan and Deci (2000) as the main model for student motivation. Ryan and Deci identified three areas of needs that are key to learners’ inherent growth and psychological well-being – the need for competence, relatedness, and autonomy. The need for competence refers to the desire to master and be competent in interactions with the environment, the need for autonomy refers to being self-initiating and self-regulating in one’s actions, and the need for relatedness reflects a need to develop secure social relations with others (Deci, Vallerand, Pelletier & Ryan, 1991). When learners are able to satisfy these needs, they become intrinsically motivated to learn. Ryan and Deci (2000) further elaborate on a continuum of how motivation can progress from amotivation, a state of nonself-determined behavior, to intrinsic motivation which is a state of self-determined behavior. Nestled in the middle of this continuum is a spectrum of extrinsic motivational behaviors that progress from external regulation towards integrated regulation. The latter case being closest to intrinsic motivation. Learners can become intrinsically motivated when they internalize expected behavior which is dependent on the value that said behavior has on learners. 
Ryan and Deci (2000) contend that in order for learners to move from a state of extrinsic motivation to one of intrinsic motivation, the element that ties all three needs together is the social context that support learners’ competence, relatedness and autonomy. They further suggest that “excessive control, non-optimal challenge, and lack of connectedness” impede the internalization of behaviors. This translates to the designing of tasks that must offer choice, minimize control, acknowledge learners’ feelings, and provide appropriate feedback for learners to make informed judgments when performing tasks (Deci et al., 1991). 
Building on various theories and models in the motivational science field, Pintrich, Marx and Boyle (1993) attempted to show that conceptual change in science should not be broken down simply to steps that take place in the recesses of the human brain. They argue that conceptual change is largely dependent on “personal, motivational, social, and historical processes”. Although they largely referenced Posner et al.’s (1982) model of conceptual ecology, they take the constructivist stance of how knowledge is constructed in learners and must take into account the prior knowledge and experiences that learners bring. Of interest to this paper, they cite studies that suggest students’ perceptions about how much control they have, therefore autonomy, affects the level of conceptual change that can occur because students who see themselves as intentional learners will believe they have some control over their own learning, and work actively to address gaps in their conceptual understanding. Similarly, students who have higher self-efficacy beliefs in learning science, therefore higher competence levels, are more amenable to conceptual change because they are more focused on understanding scientific content rather than memorizing facts. This implies that how video games are designed and implemented in the classroom must take into account the affective factors that influence learning, instead of only the cognitive aspects of learner development. This view perhaps is best represented by Salen and Zimmerman (2005) who suggest that video games must be designed where meaningful play emerges from the interaction between players, the system of the game, and the context in which the game is played. In other words, in seeking to engage learners using video games, designers must find the balance between how player choice affects outcomes of the game. Educators must bear in mind the tension that exists between using the video game only as a tool to engage, or using it as a resource to tap into the higher cognitive potential of learners. 
Perhaps the biggest criticism of SDT is in how it portrays the negativity of extrinsic motivation as evidenced by several studies cited by Deci et al. (1991). Hidi and Harackiewicz (2000) argue that extrinsic motivation in the form of extrinsic rewards is sometimes necessary to sustain learners’ beginning interest in learning. Specifically, they suggest that “a combination of intrinsic rewards inherent in interesting activities and external rewards, particularly those that provide performance feedback, may be required to maintain individuals’ engagement across complex and often difficult periods of learning”. This can just as easily refer to the content area of physics which is often thought of as conceptually challenging for the general population of learners. Additionally, Schiefele (as cited in Hidi & Harackiewicz, 2000) suggests that “individual interest is an antecedent to cognitions that determine the strength of an individual’s intrinsic or extrinsic motivation to act in a particular situation”. This seems to imply that more attention should be paid to how student interest in science can be sustained through effective use of extrinsic rewards in order for learners’ interest to become internalized, or what Hidi and Renninger (2006) refer to as a progression from situational interest to individual interest, so that motivation to engage in science content can move from extrinsic to intrinsic motivation. 
In considering how principles of SDT can be incorporated into the design of effective pedagogy, Pintrich (2003) proposes several design principles based on more situation and domain-specific motivational constructs than the generic psychological needs of SDT. Of relevance to this paper are the following motivational constructs – adaptive self-efficacy and competence beliefs motivate students; adaptive attributions and control beliefs motivate students; and, higher levels of interest and intrinsic motivation motivate students. Although Pintrich also drew on several other models and frameworks within the motivational science field to arrive at his motivational constructs, it can be seen that commonalities exist between the broader framework of psychological needs proposed by Ryan and Deci (2000) and the motivational constructs proposed by Pintrich. For the purposes of this paper, it is assumed that competence beliefs and self-efficacy of learners refer to the same construct. In essence, they both point to how learners view themselves as competent in performing tasks thereby leading to higher engagement and motivation – similar to the need for competence in SDT. Likewise, having a sense of control in how much one has to bring about certain outcomes is closely related to how one must have autonomy in order to enhance intrinsic motivation. Lastly, as discussed in the previous paragraph, interest is antecedent to motivation and therefore having higher levels of interests in learning science necessarily implies a higher motivation to engage in science content (Hidi & Harackiewizc, 2000). Similar to what Deci et al. (1991) advocate in terms of how tasks should be designed, Pintrich (2003) also suggests that tasks must provide for appropriate feedback, offer opportunities for success but also to challenge learners, provide opportunities to exercise choice and control, must be stimulating and interesting, must be personally meaningful to learners, and last but not least, be enacted in an environment that is supportive and allow learners to build positive relationships within a community of learners. 
The Promise of Video Games
This paper puts forth the argument that video games are the key to student motivation and conceptual change in science. Squire (2006) suggests that video games “provide a set of experiences with the assumption being that learners are active constructors of meaning with their own drives, goals and motivations. Most good games afford multiple trajectories of participation and meaning making”. In considering the affordances of video games in learning, one must turn to how good video games for learning can be designed as part of an effective curriculum. The question that Blumberg and Altschuler (2011) poses is “what constitutes the appropriate game structure and narrative to sustain student interest and direct attention to curricular content”. 
Various researchers have proposed a range of design principles for video games for learning (Gee 2004a, 2005; Honey & Hilton, 2011; Prensky, 2001a; Squire, 2006). Gee (2004a, 2005), in particular, suggests design principles that good video games incorporate which are aligned to the design principles of motivation advocated by Deci et al. (1991) and Pintrich (2003), and diSessa’s (1993) model of conceptual change. For instance, Gee (2005) advocates that good video games should allow for player agency and customization. Allowing players to have agency in the video game and for them to be able to customize components of the video game, for instance their avatar, both suggest that players have autonomy and choice over how their avatar participates in the game. Gee also argues that good video games allow players to develop an identity because the avatar is in fact an extension of the player within the virtual world. Consequently, the formation of an identity within the virtual world constitutes a vested interest within the video game and players will feel related to their avatar within the video game because of the level of interactivity embedded within good video games. This also implies a situational interest (Hidi & Renninger, 2006) in the actions of the avatar within the virtual world. Although it can be argued that relatedness in SDT implied social interactions with human beings, bearing in mind Prensky’s (2001b) assertion that digital natives understand the world very differently, it is not far-fetched to suggest a redefinition of what relatedness within a social context means in the digital age when digital natives possibly spend more time behind a screen than in face-to-face interactions. Lastly, Gee (2005) also posits that good games allow players to take risks, have well-ordered problems, are challenging and are pleasantly frustrating; which point to how games can help learners develop a sense of competence and self-efficacy, and proposes that good video games allow learners to build on their prior knowledge incrementally.
Papastergiou (2009) suggests that because current learners have grown up surrounded by digital media and games, they have expectations that educational video games must have elements that learners encounter in video games that they play outside of school. This poses a design challenge for educators because as alluded earlier, there exists a tension between making an educational video game so fun that it ends up sidelining the curricular content that it was intended to impart. This tension is also described by Squire (2006) where he cautions designers of educational games to be mindful of the learning experiences that are provided in the context of the game. In order for learners to be immersed into the culture of being a scientist, or mathematician, video games must be designed to be believable and immerse students in virtual worlds where they participate in the social practice of practitioners. However, some may argue that believable worlds are boring although the real world is replete with good examples of commercial games that have been realistic to a certain degree and have been shown to impart content such as the Civilization and Sim City series (Squire, 2006). 
Other researchers have sought to show how educational video games can be beneficial to science learning. Marino, Israel, Beecher and Basham (2013) conducted a study that found students preferred to learn science from video games. Student interviews also showed they preferred greater customizations in a video game, in support of the need for autonomy. As opposed to how traditional schooling is about delivering content, video games help students to learn through doing by providing designed experiences where students perform tasks as evidence of learning (Squire, 2006), thereby facilitating a transference of ownership of learning from the teacher to students. This view is similarly supported by Honey and Hilton (2011) who cite studies that show educational video games such as Quest Atlantis, River City and Whyville are highly motivating to students and increase in self-efficacy and engagement in scientific content. They also argue that games “individualize learning to match the pace, interests, and capabilities of each particular student and contextualize learning in engaging virtual environments”. Embedded within that argument is how games afford learners the opportunity to develop competence and autonomy because games are designed to be user- and learner-centered (Squire, 2013). Marino et al. (2013) also cite several studies in their article using the games of River City and Whyville that show video games encourage students to display dispositions that range from participating in scientific arguments, use of higher-level scientific vocabulary in everyday conversations, and enhancing scientific inquiry, discourse and reasoning. It can be seen that well-designed educational video games can enhance motivation to learn science and are also able to situate learners in the social practice of practitioners. 
	Yet, with all these design principles and affordances of video games suggested by various researchers, what makes video games necessary for effective learning in this digital age is that learning is a cultural process (Gee, 2004b; Lave & Wenger, 1991; Maxmen, 2010; Squire; 2006). Squire (2006) argues that video games provide situated experiences where learners learn through doing, while Gee (2004b) juxtaposes how young learners have no difficulty learning the complicated names of creatures in the Pokemon card game but are considered poor readers in school because the way of instruction is overt rather than situating learners in a cultural setting that promotes effective learning. Likewise, Deci et al. (1991) and Pintrich (2003) also advocate for considering the social context of learning where supportive structures within a community of learners will enhance intrinsic motivation of students. More importantly, it has been established earlier the changing landscape of learners now and into the future. The affordances of video games in providing the link between providing the social context for effective learning and enhancing intrinsic motivation of learners cannot be more emphasized. 
	Another powerful affordance of using video games in learning is in the computing power of digital tools. Researchers have advocated for the use of technology in formative and summative assessment and video games are primed to fulfill that role. However, even though Honey and Hilton (2011) agree that there are many advantages to using video games for assessment, they contend that research in using video games for assessment is still in its infancy stage. Additionally, they cite assessment in existing educational game platforms like Quest Atlantis, Taiga Park, and River City as only limited to summative assessments such as written reports at the end of a mission. Yet, one can only imagine the amount of formative feedback that can be given to teachers and students if educational video games could record every move that players make and provide automated and just-in-time feedback to students, teachers and researchers (Gee, 2005; Honey & Hilton, 2011; Maxmen, 2010). Also, assessment research of video games is still limited to affective components of learners such as self-efficacy, motivation and user engagement, rather than exploring the affordances of games in assessment of curricular content (Anetta & Bronack, 2011; Papastergiou, 2009). Thus, it is understandable that research on assessment in video games is limited and further suggests that future research should look into how video games can supplement curricular content learning through effective formative and summative assessment of players. 
On the contrary, some researchers have demonstrated that there are certain drawbacks with using video games. Morie, Tortell and Williams (2008) found that learners who have had prior experience with playing video games performed better in virtual environments, which suggests that digital natives are primed for video games as an instructional strategy. They also found that in order to reap the maximum benefit out of video games in learning, players must already be familiar with the platform being used. There are two implications of their findings. The first being, given the constraints of curricular time in schools, teachers may find it hard to build time into their lessons to allow for students to familiarize themselves with the game. The second implication is perhaps more critical. Even as technology permeates our social strata in ever increasing ways, there are still the marginalized who cannot afford or have not been exposed to the kinds of technology that the general populace have access to. This already puts learners who are disadvantaged at an even more perilous position of further marginalization and discrimination (Squire, 2006). At the same time, educators are unnecessarily nervous about video games being all “eye candy” because such functions necessitate important semiotic connections that cue emotions, engagement and plant the seeds of initial interest in learners (Squire, 2013). 
Nevertheless, if the affordances of video games are to be leveraged, learners should not be denied access to well-designed video games for learning. Instead, in every sense of the socioculturalist’s advocacy of how people learn (Lave & Wenger, 1991), schools and teachers must know their learners well enough to provide additional resources and assistance to the marginalized so that they may participate equally in using video games to enhance motivation and learning (Honey & Hilton, 2011).  However, there is still a lack of research focusing on the affordances of video games in addressing curricular content (Papastergiou, 2009). That is something this paper hopes to illuminate on. 
Research Question
	Following the analysis of literature that point to how video games can be the bridge between conceptual change and motivation to learn, the preliminary study seeks to address the following question:
1. What are the affordances of EPIGAME in student engagement and science content delivery? 
Research Context
	To support the findings from the literature, a preliminary study of EPIGAME was conducted at a public high school. EPIGAME is a physics video game designed to teach students about the effects of Newton’s laws on motion. In the game, players must navigate a spaceship through obstacles while staying on a set path by applying various forces on the spaceship. In order to succeed at the game, students must understand the relationship between balanced and unbalanced forces, magnitude of impulse on subsequent motion, and how the mass of the spaceship affects the impulse required for it to move along the set path.
	The public high school that was involved in this study has a population of approximately 1,700 students and serves Grades 9 through 12. The school has 75% of students on Free and Reduced Lunch Program and has 21% of students eligible for the English as Second Language Program. There were a total of 171 Grade 9 participants involved in this study, out of which 47 of them are English Language Learners (ELL). 
	The sources of data for the study includes pre- and post-test results of a pen-and-paper assessment, responses to an informal interview conducted individually with 21 students while they are playing EPIGAME in class, and personal observations. The interviewer took note of interviewing a range of students at different stages of the game throughout the study so as to get a better picture of how EPIGAME was impacting learning in the classroom. The informal interview approach to data collection is used in this study as it is only meant to provide a preliminary analysis of how EPIGAME is enacted in a science classroom. A common line of inquiry was adopted during the interviews and the following questions were asked:
1. What do you like/not like about the game?
2. How do you think the game can be improved?
3. Will you play this game if it was not part of science class? Why?
4. What did you learn from the game?


Data analysis
	The results of the pre- and post-test were analyzed to show the change in curricular content knowledge after playing EPIGAME. The test results were also analyzed based on ELL and non-ELL scores to see if EPIGAME has any advantage to either group of learners. Based on the line of inquiry and the proposed design principles of video games, three broad categories were identified and coded from the transcribed informal interviews – extent of engagement, player expectations, and extent of content delivery.
Extent of Engagement
	The strongest indicator of how EPIGAME is successful is the fact that the overwhelming majority of students interviewed said they liked the game because it was challenging. Student D1 says, “well, when you struggle you learn because it’s not just easy and you’re not just playing the game” (Student D1, interview, April 4, 2014). She is similarly supported by other peers such as student M1 who finds the game “challenging and helps me learn from my mistakes” (Student M1, interview, April 2, 2014), and student B1 who says she “likes it even though sometimes it is frustrating. It helps you learn better…” (Student B1, interview, April 4, 2014). The fact that students like the challenge of difficult games corroborates with research that suggest good video games are “doable” but challenging (Gee, 2005) and stays within the “flow state” of not being too hard, but neither being too easy (Prensky, 2001a). In line with the principles of motivation (Deci et al., 1991; Pintrich, 2003), challenge also affords students the opportunities for increased self-efficacy beliefs and competence when they are able to beat the game. 
However, a significant number of students also remarked that even though they liked the challenge, EPIGAME was at times too hard and this sometimes made them frustrated, when asked what they did not like about the game. Some students also mentioned that the game was too repetitive and wished for more interesting missions. Student J1 in particular felt that there was “too much math” in the game because he did not like math. These varied views imply that it is a difficult balance to strike for designers of educational games, bearing in mind the “flow state” (Prensky, 2001a) is not the same for every learner. It is perhaps idealistic for a single video game to address every learner’s needs. The takeaway from this though, is to design games that address varied levels of expertise displayed by players such as allowing more advanced players to skip missions, or providing more help for those struggling to master the basic mechanics of the game. Perhaps in applying the principles of scientific conceptual development too strictly, EPIGAME’s linear progression of missions has not provided for much variance for players to exercise choice in the game, which goes against how learners should be afforded autonomy in their learning (Deci et al., 1991; Pintrich, 2003). 
	Evidence of how EPIGAME tapped into existing cultural dispositions of students was seen in how students enjoyed playing video games more than traditional forms of instruction. Only four students out of those interviewed said they did not play video games of any kind. This implies that the current sociocultural context that students come to school with is already embedded with digital tools that they use on a regular basis. This is evident in this generation of learners when even student F1 who does not play video games says “it’s a game and you get engaged to the game, and helps you learn and have fun at the same time” (Student F1, interview, April 4, 2014). Additionally most of the students interviewed said they will consider playing the game even if it was not part of science class, with student T1 replying with a resounding “hell yeah, especially on my phone” (Student T1, interview, April 4, 2014). This is a positive indication of the affordance of educational video games in learning and in planting the seeds of situational interest (Hidi & Renninger, 2006) for students to be more intrinsically motivated to learn more about the curricular content within the game at later stages of their education. More importantly, this also positively reinforces the success of EPIGAME as a tool that can be used beyond the classroom context to motivate learners to know more about physics.
	Interestingly, it was observed that EPIGAME was more successful in engaging students of lower ability. Prior to the introduction of EPIGAME to the classes, the teacher of the class provided some background information regarding each class to the team of researchers who were collecting data on EPIGAME and based on her own assessment of her three classes, in terms of academic ability, it was observed that the worst class was more engaged with the game than the best class (Tan, field notes, March 31, 2014). Although a formal assessment of how the teacher conducts her typical science lesson cannot be provided, one must hazard to guess that traditional approaches of instruction are indeed detrimental to the learning of less academically inclined learners. One of the reasons could be how the language of science favors learners who are proficient in the English language. Thus, traditional approaches of science instruction wrongly assume that the language comprehension abilities of learners are at an appropriate level to engage in science content, and fail to see to the prior knowledge of learners (Marino et al., 2013). EPIGAME on the other hand, like many other video games, require students to act, thereby imparting knowledge through the act of doing. Because learners explore the game and instructions are provided through a mix of videos, tutorials, and text, students who are classified as ELL are not severely disadvantaged by it. 
Player Expectations
	The participants of the study are considered digital natives. It can thus be assumed that the majority of the participants are adept with using digital technology. Additionally, the majority of participants also said that they play various types of video games whether be it on game consoles, computers, tablets, or mobile phones. Therefore, when they play EPIGAME, they view it in comparison with the video games that they play outside of school. This was evident in the interview responses of students. Similar to Marino et al.’s (2013) study and design principles advocated by Gee (2005), a significant number of students wished for more customizability in EPIGAME. For instance, a self-professed gamer, student J2 wanted to “add more graphics, add more stuff, add another creature” (Student J2, interview, April 4, 2014). Although he did not elaborate what he meant by adding more, it is clear that his prior experiences with video games has raised his expectations of what a video game should be like. 
Student M1, student D1 and student R1 commented that they wanted customizability in the game such as a reward system where they could buy upgrades for their spaceship. The biggest critique came from student J2 who was an avid gamer. When asked how the game could be improved, she commented that “graphics could be better, storyline could be better… I don’t get anything! When you play other games there are mini achievements, you can build up, have money…” (Student J2, interview, April 8, 2014). It seems extrinsic motivation in this case is a necessary construct of video games, and supports the argument by Hidi and Harakiewicz (2000) that the provision of extrinsic rewards is sometimes needed to first get students interested in content before trying to shift their interest from situational to individual (Hidi & Renninger, 2006), thereby leading to higher motivation to learn. Increasing customizability in the game could also be a way to increase the relatedness of students with their character, thereby enhancing intrinsic motivation to learn (Deci et al., 1991). 


Extent of Content Delivery
	EPIGAME’s linear mission structure ensures that students build upon their prior knowledge before being able to progress to more difficult stages. At the same time, players are asked a range of questions at interim stages of the game, and are allowed to progress to the next stage only if they have achieved a minimum score to ensure they have the requisite content knowledge. This is in line with diSessa’s (1993) model of conceptual change where learners build upon their prior knowledge in incremental stages rather than be challenged or confronted. Additionally, intermediate tutorial videos are provided for players in EPIGAME when a new challenge, such as picking up fuzzies that increase the mass of the spaceship, are introduced to the game. These videos seek to position schema in learners’ conceptual framework to prime them for a higher cueing priority when they encounter such situations in the game.  
	A pre- and post- test was administered to assess if students have improved on their scientific understanding of forces. The preliminary results show that overall, there is a 6.4% increase in scores for the post-test. For non-ELL students, the increase in scores was 7.5% which seems to imply that EPIGAME was more beneficial to non-ELL students. This could be due to the fact that ELL students may have had difficulty with understanding the instructions of the game and thus did not progress far enough to learn the necessary content from later missions. Similarly, it could also mean students with poor reading ability could not attempt the pen-and paper assessment to their fullest potential. Some students commented that the instructions at the beginning of some stages were too wordy and they did not read them. This in turn emphasizes the point made by Squire (2006) that video games provide situated experiences for learners. Designers must be mindful about the kinds of experiences provided for players because any designed experience is culturally situated. This also corroborates with the earlier argument that the language of science favors non-ELL learners, more so when the pre- and post-tests administered were traditional pen-and-paper assessments. Thus, it is not surprising that non-ELL students fared better, but it remains questionable if the ELL students did not benefit as much or even more from playing EPIGAME if alternative methods of assessment were used. 
	The tension alluded to earlier in terms of the balance between content delivery and making the game fun can be seen in the student responses when they were asked what they learnt from the game. The majority of students were not able to express what they learnt effectively in the language of science, with one particular student saying she did not learn any science because she was just putting in the forces by trial and error. Even when the interviewer probed further for them to provide specific examples using EPIGAME, students generally did not provide adequate scientific explanations for how they managed to move the spaceship from one point to another. A case in point is the following statement by student D1 who said that she “learnt the concept of how you get the amount of Newtons you need to apply” (Student D1, interview, April 4, 2014). She has wrongly applied her use of ‘Newtons’, which is the unit of force. Rather, she should have expressed her answer in terms of the amount of force required. Additionally, she could have extended her answer beyond just expressing it as the amount of force required, but also included how the mass and speed of the spaceship are related to the force applied. 
However, there were a minority of students who seemed to show a better grasp of the physics concepts in EPIGAME. When asked what she learnt, student M2 who gave the most accurate answer among all interviewees said “if you double the mass, you need to double the force to go at the same speed… you have to put the same force the opposite way to stop it” (Students M2, interview, April 4, 2014). Admittedly, it is difficult to find the balance between ‘motivating fun’ and the amount of content expertise students are expected to acquire from video games. This paper is certainly not advocating for video games to replace the teacher but instead argue that video games can be used to provide the necessary scaffolding in accordance with diSessa’s (1993) model of conceptual change, to prime certain p-prims for higher cueing priority when students come into contact with more abstract content later on. Siztmann (2011) similarly argues that “games work best when it is supplemented with other instructional methods rather than as a stand-alone instruction”. At the same time, Prensky (2001a) argues for a redefinition of the teacher’s role in the classroom. It would be erroneous to assume that video games can replace teachers wholly. Nonetheless, EPIGAME does seem to be delivering some extent of scientific knowledge to learners as evidenced by the positive test scores. 
Limitations
	The presence of researchers in any classroom inadvertently poses some risk to the reliability of the data collected. Additionally, because this preliminary study is situated within a larger research context, there are limitations to the extent of data that could be collected. For instance, interviews with the students could only be conducted during class and informally. This took the form of the interviewer approaching students while they were playing the game. Strategically, the interviewer needed to bear in mind that he did not disrupt the thought processes of the students, for instance, by interviewing them while they were in the midst of a mission. At the same time, the emotional dispositions of the students at that point in time was also difficult to assess. For example, their responses to the questions posed may be influenced in some way if they had been stuck on a mission for a very long time. Also, it is unfortunate but there were a couple of interviews that had to be discarded because the students interviewed lacked the language capacity to provide coherent responses to the questions asked. It is thus questionable whether the interview data collected is skewed to represent a certain demographic of students. 
	Being cognizant of them as participants of a research study may have resulted in students providing responses that they thought were politically correct. The traditional structure and culture of schooling is such that students are enculturated to believe that there are right or wrong answers, or a right or wrong way of doing things (Gee, 2004b). Additionally, on several occasions, the teacher of the class used the research study as a reminder to get students to be serious about the work they do. Thus, their responses may not have been as genuine as in an out of school context. Nevertheless, the questions posed aimed to achieve neutrality so as to provide students with the latitude to be critical. 
Conclusion and Future Research Directions
	The exponential growth of technological innovations warrants a pause to consider the affordances of technology, in particular video games, in education. Although use of technology in the classroom has been widely studied, there is still a lack of research on the effectiveness of video games in instruction (Honey & Hilton, 2011). This paper has tried to address this by showing that a well-designed game that is engaging and fun can position learners to be more intrinsically motivated to learn beyond the context of school.
	The paper first began by anchoring on diSessa’s (1993) model of conceptual change in science, arguing that it is in line with constructivist notions of knowledge development. Following that, by focusing on SDT by Ryan and Deci (2000), the paper sought to provide the context for learner motivation to engage in science content by discussing effective design principles espoused by Pintrich (2003) for developing learner competence, relatedness and autonomy. Affordances of video games to bridge conceptual change and motivation to learn were then analyzed as compelling reasons for why video games should be used as pedagogical tools in effective science curriculum design. The last section focused on a preliminary study of EPIGAME as evidence to corroborate with the discussed literature on the effectiveness of video games in a science classroom. The evidence from the preliminary study suggests that well-designed video games can motivate students to engage in science content. Whether video games can be an effective vehicle for the delivery of curricular content remains debatable. Additionally, there is a need for a redefinition of the role of a teacher in the classroom (Friare, 2009; Prensky, 2001a) as the power structure for learning shifts from teacher to student-ownership. 
	Yet, the question that remains is how effective are video games in helping learners to acquire content knowledge. It must be recognized that video games as a tool will only be effective within the context that it is used. In other words, larger systemic constraints such as mandated assessments and standards like the common core weigh heavily on schools. Pedagogical tools such as video games stand a chance of being adopted and widely accepted only if they satisfy current expectations of accountability placed on teachers and schools. To address this deficit in current literature, future research should focus on the extent of content delivery in educational video games. Admittedly, it is costly to design and produce a video game that can be engaging and fun. Is it then worthwhile to invest so much merely to produce a video game that seeks to motivate learners? Is the argument that digital natives require digital tools to learn a sufficient impetus for us to start becoming educational game designers? Instead of waiting for a generation of digital native learners to go through school disengaged and failing before realization sets in, research must show the urgency of adopting digital tools, such as video games, by espousing on the affordances of these tools beyond mere engagement and motivation. 
With increasing computing power, it is hopeful that another area of research in is in how educational video games can provide timely feedback in the form of formative assessments for students, and at the same time collect data on student performance in the video game for teaching and research purposes. The difficulty of such an endeavor lies in the analysis of such an expanse of information. Currently, video games already do provide feedback to players. In fact, it is this feedback system in good video games that keep players engaged (Gee, 2005). However, Gee (2005) argues that the design of a good video game is not anchored only on one instance of feedback. Good video games provide rewards, hints, hidden clues and tutorials, all of which seek to provide “just-in-time” and “on-demand” feedback to players. It is this information-rich but complicated arena that researchers and educators must work hand in hand to identify the types of feedback that will be most beneficial to students, teachers and researchers.
As technological innovation seeks to provide solutions to problems that never existed, the evolution of digital natives in the ways they learn and process information is reason enough to reexamine current instructional strategies in science. As educators are constantly exploring ways to engage learners in school, video games afford a cultural gateway into providing the bridge between content learning and the kinds of activities that learners engage in beyond school, and a means of being in-tune with the sociocultural predispositions of learners. The affordances of video games as a pedagogical tool in science instruction should thus be given serious consideration and no longer dismissed as mere child’s play. 
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