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Science Talk: Using Video Games to Foster Science Literacy


Introduction

The past decade saw increased scholarly interest in the use of video games as platforms for both formal and informal education. The use of games in science education, especially, ignited the imaginations of many science enthusiasts.  Organizations such as the National Academy of Sciences, Federation of American Scientists, and the American Association for the Advancement of Science have begun to explore these possibilities in earnest. The National Science Foundation and countless private foundations have already granted considerable financial support to some of these endeavors. Despite this enthusiasm and interest, however, very little is known about how games foster the type of thinking about scientific topics that science education 
wishes to elicit from students. 

This literature review will first explore what is meant by “scientific literacy” and how it is different from the type of science typically taught in schools. I will address challenges faced by classrooms in adopting a curriculum that fosters scientific literacy. I will then address the current enthusiasm shared by many about the potential for using video games in education and address the current state of literature examining video games as they interface with science education in particular. Through this review, I will demonstrate that there is very little research on how video games address scientific literacy, despite the fact that it is such a high priority in science education, and so much has been invested in science games. 
The Need for Scientific Literacy
 Concern about American science education is a perennial issue (Schwab, 1962; NCEE, 1989; Martin, Mullis, Gonzales, & Chrostowski, 2004). The post-Sputnik scare that characterized much of the Cold War era was grounded in a fear that the United States would be unable to compete internationally due to a perceived lack of science, technology, engineering, and math (STEM) proficiency among students. More recently, however, the tenor of concern has changed. With U.S. Americans increasingly showing a lack of understanding in areas of scientific consensus like climate change (Jakobsson, Mäkitalo, & Säljö, 2009; Kohut, 2009) and evolution (Keeter, 2009), there is a need for what the American Association for the Advancement of Science (AAAS) has come to call “scientific literacy.” Unlike our Cold War concerns that focused on educating an elite few, the information age demands more scientific knowledge among everyday citizens. “Science is no longer the specialized activity of a professional elite” (Wilson, 1998, p. 2048). Scientific issues influence a variety of core public policy concerns, and a basic understanding of these issues is crucial for civic engagement in a democratic society. For this reason, organizations such as AAAS, the National Academies, and variety of concerned stakeholders have asked that our K-12 education must aim to educate students who are prepared to not only to “increase economic productivity through the …knowledge…and skills of the scientifically literate person” but also “engage intelligently in public discourse and debate about matters of scientific and technological concern” (Yager, 2006, p. ix). 

Challenges of Teaching for Scientific Literacy

But how is this done? Part of the problem stems from how science is taught. Teaching for scientific literacy is absent from all levels of science education: from how our teachers are trained, to published curricular materials, the actual pedagogical values are those of efficiency rather than substance
. Fundamental misunderstandings of science and scientific illiteracy are perpetuated at all levels of curriculum and schooling. Many stakeholders in science education fear an apparent disconnect between current teaching methods in science and the habits of mind required to engage with contemporary science (NRC, 1996; NRC, 2000; AAAS, 2009). This disconnect is nothing new, and it concerned an especially prescient population-geneticist-turned-science-education-thought leader named Joseph Schwab who recognized that textbooks did not teach science but rather a "rhetoric of conclusions" 
(Schwab,1978, p.134). A rhetoric of conclusions, 

in no way prepares the student for the facts of change; and when it occurs…he is stripped of his rational judgment…forced into mistrust of professional competence and knowledge. If, on the other hand, the curriculum illustrates with care and clarity the participation of principles in the construction of knowledge and exhibits the growth of knowledge which occurs via the increasing adequacy of successive principles imposed n enquiry, the student can see the ground for change and revision. HE sees that authority consists not in possession of information but in possession of competence in enquiry; change in what authority says no longer appears as a sign of confusion…but as a sign in the progress of enquiry. 

The problem Schwab identified was that when citizens hear about science in the news, whether it is about vaccines, climate, a newly discovered hominid, metabolism of “carbs,” etc., the conversation is structured very differently from the science taught in school, where all of our “experiments” had a predetermined right and wrong answers. Anomalies were “corrected,” not pursued or explained. The actual work of scientists doesn’t allow for looking up a correct answer in the back of a book. Anomalous data cannot be ignored in frontier science. Students are rewarded for providing a singular, correct answer that can be located in the teacher’s edition and they do this at the expense of developing reasoning and evidence-based arguments (Russ, Coffey, Hammer &Hutchinson, 2008). Thus, our citizenry lacks training and education when it comes to understanding the nature of evolving problems in the public sphere. The problem with “textbook science” isn’t that students aren’t learning science, it’s that they are developing overt misconceptions about the nature of science
. In establishing benchmarks for scientific literacy, the American Association for the Advancement of Science ultimately envisioned an education that would provide citizens with the habits of mind required to make sense of how the natural and designed worlds function, think critically and independently, and deal with problems that involve evidence, patterns, arguments and uncertainties (2009). 
A number of challenges have been identified in improving teaching to better scaffold student acquisition of scientific literacy. Research has demonstrated that traditional curricular materials offer impoverished understandings of the nature of science (Abd-El-Khalick & Waters, 2008; Chinn & Malhotra, 2002). Schools lack the time, money, resources, and equipment to develop authentic inquiry experiences (Chinn & Malhotra, 2002) and activities billed as authentic science are often straightforward, hands-on, design and engineering problems (Rudolph, 2005). While such task-oriented activities offer important pedagogical benefits, (Roth, 2001; Schneider, Krajcik, Marx, & Soloway, 2002) they do not represent a full or accurate picture of most scientists' work. Rather than designing objects, scientists are primarily engaged in the construction of ideas (Rudolph, 2005). Purely constructivist approaches fail at teaching students the discourse and social nature of science (O'loughlin, 1992). 
Despite all of this research, , many progressive educators fall into a trap of conflating traditional notions of constructivism with authentic inquiry and curricular materials and teacher training programs continue to conflate notions of authentic inquiry (what scientists do) with simple, hands-on, illustrations
. 

Using Digital Media and Games to Teach Scientific Literacy

As digital media opens the doors to new, innovative curricular materials, it is important to note the mistakes of past curricular design and proceed with caution as we embark upon designing new materials
. Many in the science community have recently developed an interest in using video games to create immersive, challenging, science curriculum. The National Academies of Sciences met to discuss this topic with educational psychologists, psychometricians, educational technology scholars, and scientists of all stripes in October 2009
. The guiding committee is currently in the process of authoring recommendations as a result of this meeting. An earlier summit hosted by the Federation of American Scientists yielded promising results. From the organization’s perspective, video games held great promise as educational tools. Games, for instance, provide great opportunity for contextual bridging (closing the game
 between theory and use), increasing time-on-task through intrinsic motivation and goal oriented activity in the face of failure, providing learners with cues and hints, personalized learning, and “infinite patience” (Federation of American Scientists, 2006 p.5). Educators have long wondered whether the magic of ‘Pac-Man- ‘cannot be bottled and unleashed in the classroom to enhance student involvement, enjoyment, and commitment” (Bowman 1982, p. 14). Even famed astronomer, Carl Sagan, looked at the very simple Newtonian mechanics in Pong, back when it was quite literally the only game in town, and wondered what these meant for the future of games and science learning (Sagan, 1977).

Despite this initial excitement, however, video games have done little to revolutionize education. Most of the earlier generations of educational games have been used as tools to “spice up” factual recall and drills (Jonassen, 1988). Such curricular materials recycle the weaknesses of traditional curricular media and do nothing to foster scientific literacy. As these efforts yielded disappointing results, interest in video games as educational tools faded. To give these earlier generations of educational games the benefit of the doubt, however, it is important to note that with advances in technology and video game design, more recent generations of video games foster far more meaningful game-play then their predecessors.  
As
 science educators turned their attention to the potential of using web applications for authentic inquiry (Linn, Clark, & Slotta 2003), commercial video games reached stunning levels of sophistication. In What Video Games Can Teach Us About Learning and Literacy, Gee (2003), explored how video games present highly challenging problem spaces that require hours of investment. These problems are often frustrating, time consuming, and require not only a considerable amount of outside research to overcome, but also a community of practice. Gee points out that not only do children readily take on these complex problems, they pay upwards of $50 for the pleasure of doing so (2003). 
The market push for video games has not pushed designers to dumb them down or make them simpler, but rather to make games harder, more complex, and more cognitively sophisticated. Gee’s book addressed a private thought shared by many teachers and parents: How can kids spend so much time focused on X video game yet be so distracted and disinterested in school? Gee primarily explored how video games, in an effort to make themselves
 very challenging, had to also make themselves very learnable. In doing so, game designers (these games adopted) incorporated into these games many principles that parallel socio-cultural learning theories of human cognition. The socio-cultural views on cognition heavily stress the role of context, culture, and community in learning (Lave, 1988; Brown, 1992; Lakoff, & Johnson 1999). Despite the rich evidence that these socio-cultural learning theories fill in important gaps in our understanding of human cognition, they’ve been left out of mainstream educational psychology publications because these learning theories require different methodological approaches. 
Learning scientists break with traditional education psychologists in their rejection of classical experimentation as a way to study the phenomenon of learning in favor of more naturalistic methods such as cognitive ethnographies (Hutchins, 1996) and design-based research (Brown, 1992
).  


Regarding the scholarly contribution of Gee’s book, it is important to note a few things: First, Gee’s effort to provide evidence that video games can be good for young people flew in the face of the popular notions that video games only promoted mindlessness at best, and extreme violence at worst (Squire, 2002); Second, while his original intention was to demonstrate that market forces pushed video game designers to embrace the socio-cultural learning theories that schools avoided, the more popular, well-funded, and arguably more simplistic take-away for most was that video games should be used to teach. I point this out because in a haste to fund, build, and test the efficacy of games, little was done to reflect on what researchers like Gee and others were saying about our assumptions about human cognition, how classrooms go against the grain of how people learn, and how games can, with proper design, do better.  Third, it is important to note that the ideas behind socio-cultural learning theory ( the importance of context, process, dialog, and collaboration( are wholly consistent with the recommendations for teaching scientific literacy. Scientific literacy requires that people better understand science by examining the work of scientists using “the language of science” (Lemke, 1990).  By understanding video games as “designed experiences” (Squire, 2006) we can consider how games allow students to adopt new identities, and take on new knowledge roles in context. Games offer experiences by being and doing, Squire argues. This should resonate loudly with educators concerned about science literacy, because games help students to better understand what it means to do science, from the perspective of being engaged in scientific dialog. 

In recent years, researchers have taken on the task of gathering evidence that supports Gee’s
 first point.  Empirical research has demonstrated that some virtual environments are able to transform social interactions of learning and improve learning (Bailenson, et al., 2008). Games have been shown to develop targeted scientific content such as in SuperCharged!, a game about electrostatics designed for a freshman physics class at MIT University (Jenkins, Squire, & Tan, 2004).  Indeed, in an intervention study, middle school students who used SuperCharged! outperformed students in learning physics through hands-on experiments, demonstrations, and viewing simulations (Barnett,Squire, Higgenbotham, & Grant 2004). However, the question at hand is not whether games can teach content, but to what extent they can be looked to as a medium that can teach what traditional science curriculum neglects: scientific literacy. 

Persistent multi-player video game spaces have been used to develop understandings of epidemiology (Kafai, 2008), informal scientific habits of mind (Steinkuhler & Chmiel, 2006) and pro-social, pro-environmental values (Barab, Thomas, Dodge, Carteaux, & Tuzun, 2005; Barab et al., 2007). The multi-user virtual environment River City was found to promote inquiry and self-efficacy in data gathering (Ketelhut, 2007). Likewise, there is an emerging body of work demonstrating the inquiry-like habits developed by students who design and build their own video games (Sheridan, Clark, & Peters, 2009). 
While these groundbreaking projects demonstrate the pedagogical possibilities of games, they cannot speak directly to the question of how video games might foster scientific literacy. An important piece of science literacy is that it must focus on real-life scientific problems and data, using “the language of science”. For this reason, the studies by Sheridan, Clark, and Peters (year) and Steinkuhler and Chmiel (year) may show how some video game related activities help develop important, higher-order thinking skills associated with 21st Century Learning (Federation of American Scientists, 2006) but they are not adequate when it comes to fostering true scientific learning. Sheridan et al. focused on students designing and building relatively straightforward math and science games that rely on simple algorithms and recall knowledge. Steinkuhlerand Chmiel demonstrated how elite players of the enormously successful commercial video game World of Warcraft used evidence-based reasoning and mathematical proofs as part of game play, but content was routed
 in fictitious data in the game’s fantasy-based content. 

 Kafai’s study examined an annual outbreak of “Whypox,” a virtual illness transmitted in the multiplayer world of Whyville.net. Whyville is a virtual world focused on science education. It has 1.2 million registered players ranging in age from 8-12 years.  Whypox affects players by placing red pimples on player’s avatars, and occasionally replaces text in player’s chat with an “achoo.”  Kafai used this event as an opportunity to explore students’ understanding of vector-transmitted diseases and epidemics using a context that is meaningful to the students, without being dangerous. Researchers conduct this study with the assumption that there are some basic similarities between computer viruses and illness-causing microbes.  For the study, 285 Whyville players were asked to describe what a computer virus is and what students could do to prevent their computer from getting a virus before the outbreak and again eight weeks after the outbreak of Whypox.  In addition, 35 students were asked to draw pictures of what they think a computer virus looks like. In the analysis, the author states that this strategy may have been ineffective in gaining any real insight because computer viruses do not have a visible component (Kafai, 2008).  Kafai found that students have naïve conceptions of microbial computer viruses, with students’ descriptions focusing on behavior-oriented and anthropomorphic characterizations.


Kafai demonstrates how a game can be used to develop emerging understandings of a scientific phenomenon, however, the study does not address the wider “habits of mind” required for true scientific literacy.  Another noteworthy effort in the area of science education and games comes from Barab’s (year
) multiplayer game, Quest Atlantis. Quest Atlantis is a 3-Dimensional immersive environment designed for children ages 9-12. Quest Atlantis deals primarily with ecology content, however, its aim is to, “both enhance the lives of children and to assist the formation of knowledgeable, responsible, and empathetic adults” (Barab et al., 2007 p. 271). The authors use a methodology they call a “design ethnography” to both inform the design of the game and generate theory about how a multi-user game environment can educate students on a cognitive and affective level. Observations were coded and quantified to look for improvement and progress among students in critical areas that aligned to the games content and pro-social objectives. The authors found that users of Quest Atlantis demonstrated an ability to take on multiple perspectives and motivated otherwise disinterested students to participate in game-related activities. While Quest Atlantis does not try to address issues of scientific literacy, its does demonstrate an ability to affect positive change among school-aged children.

Perhaps the most direct evidence regarding video games and scientific literacy can be found in the work done on the multi-user-video-environment (MUVE) called River City
. River City is a National Science Foundation funded project out of Harvard University. Like Quest Atlantis, River City was built via an iterative process of research-design-implementation-research-and design. Most of the findings in these multiple iterations pointed to usability and design problems in the MUVE.  While the study found that the MUVE increased students’ motivation and self-efficacy in science (Nelson, et al., 2005) the study exposed a serious limitation of design-based research. Namely, at what point can iteration be considered “done” and what metrics do the researchers use to determine success (Dede, 2004)? 
By focusing primarily on design based research, neither River City nor Quest Atlantis have been able to contribute much in way of furthering the field’s understanding of precisely how a video game, designed specifically for learning, might foster scientific literacy. By focusing on their highly localized concerns, these research efforts do not delve into specific design principles that can bridge desired cognitive outcomes and game design. To build on this knowledge base, it is appropriate to consider a more purely theory-generating study that may lead to greater transferability in understanding.

Developing a Literature on Game Design for Scientific Literacy

Instead of focusing on iterative self-exploration of a design process there is a considerable amount of information, and clear need, to explore the implications of design principles through analysis of student interactions with finished games. There are science education games available that have been informed by theory, but whose design processes are completed. These games may be a better place to turn to better understand how video games might be able to foster science literacy. This study proposes to use one such game. The game, Energy City, is available for free, online, as a joint offering between National Geographic and the National Oceanic and Atmospheric Administration. It has been implemented in hundreds of classrooms and played by thousands of students and teachers. In addressing issues of energy resources, it presents players with an open-ended question that, while the current subject of many scientists’ research
, has no “right answer”. The question is complex and directly interfaces with societal and political concerns, making it ripe for scientific literacy. 


Studies in software design may provide us with guidance as to how to pursue the above question fruitfully. For instance, in examining student-centered design of scientific software, Kafai and Ching (2001) arranged student pairs to work together to come up with a software design. By video taping this process, students were able to converse naturally and comfortably with each other, away from researchers and teachers. This enabled Kafai and Ching to minimize chances of a Hawthorne effect while allowing students to reveal to what depth they were using the problem space to develop scientific literacy. This research model could be fruitful in not only studying how the problem space of Energy City can elicit scientifically literate discourse among peers, but it is also wholly consistent with socio-cultural learning theories and their implied methodologies. 

Conclusion


Although video games, as a new learning medium, have excited many in the field of science education, many questions about gamesremain unanswered, especially regarding priority pedagogy such as scientific literacy.  A focus on informal learning spaces, content, and design based research have made it challenging to gather empirical, theory-generating evidence to help us better the potential and limitations of educational video games to foster science literacy. 
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�Is this “science education” or “science educators”?


�This is a big assertion that should have a source, in other words, who says this or asserts this.


�A brilliant critique that could serve as a critique of our entire student accountability system in k-12 education.


�Again, who owns these quotes and italicized assertions?  


�This catches me off-guard.  How does this criticism of constructivism fit with the assertions made just before, especially when the expression “construction of ideas” is used to describe the primary activity of scientists.


�Okay, I think overall this last very important point needs more clarity.  I would avoid parenthetical explanations and spend more space explaining your point.  Frankly, I’m not sure I understand what the “trap” is.  For me, traditional constructivism gets about as close to authentic inquiry as I can get.  





Maybe you’re suggesting that authentic scientific inquiry gets translated into predictable routines in most science classrooms…





�What can you say here to make a closer link to the final critical point of the previous section.


�A link here to their proceedings would be helpful.


�gap?


�You need a paragraph break in here somewhere; this is one possible place.


�I don’t understand the use of “themselves”—why not “them”?  Games don’t make themselves more challenging, game designers make them more challenging.


�This would seem to need more clarity.  When saying “different methodological approaches,” I’m left wondering, different from what?  


�Again, I feel the need for clarity here.  This section beginning with “Despite” needs to be more closely tied to the points made about newer game design, or reconsidered.


�Is that the first point you’re referring to?


�Is this jargony? 


�It’s customary to keep the citation year with the first mention of the author.


�Do games need a citation? Weblink?


�Awkwardly placed...


�This is your final point, so please rephrase with as much clarity as you can muster.  Use a couple of sentences if necessary.
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