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PREFACE

This year we are pleased to be publishing the second volume of the annual proceedings for
the Games+Learning+Society (GLS) Conference. For eight years now, GLS has been a
valued event for individuals working in academia, industry, and as practitioners in schools to
come together around their shared interest and passion for videogames and learning. This
conference is one of the few destinations where the people who create high-quality digital
learning media can gather to discuss and shape what is happening in the field and how the
field can serve the public interest. GLS offers an opportunity for in-depth conversation and
social networking across diverse disciplines including game studies, education research,
learning sciences, industry, government, educational practice, media design, and business.

The GLS conference offers a variety of session types, ranging from traditional academic
presentations and symposia to hands-on workshops and informal Fireside Chats with
leading individuals in the field. The first day of the conference offered educators a unique
opportunity to participate in workshops relating to various topics around games and learning
in the GLS Educators Symposium, directed by Remi Holden. Keynote speakers this year
included Colleen Macklin, Reed Stevens, and Sebastian Deterding. This year we hosted
several Well Played sessions, offering a unique “close reading” of games ranging from The
Elder Scrolls: Skyrim to Super Meat Boy. Introduced by Drew Davidson of Carnegie Mellon
University, these analyses enable an opportunity for participants to cross publish in the Well
Played journal. We also held the first Educational Game Arcade, where attendees were able
to play a variety of educational game titles and talk with the developers. This year the
conference also hosted the second Games and Art Exhibition titled Pen and Sword, curated
by GLS artist in residence Arnold Martin. In addition to formal presentations the arcade held
lively sessions of games such as Johann Sebastian Joust, a social game played with
PlayStation Move controllers, as well as the very popular (and sometimes shocking) Cards
Against Humanity. The informal social and play sessions throughout the conference offer as
much opportunity for debate, discussion, and the incubation of new ideas as the more formal
sessions and presentations.

We would like to give a big thank you to our conference sponsors this year, including
Microsoft Research, Pearson, Filament Games, Mediasite by Sonic Foundry, the Wisconsin
Department of Public Instruction, and Game Crafter. We would also like to thank all of the
presenters and attendees who make the conference as fantastic as it always is and the
volunteers who enabile it all to happen. Our last thank you goes to Drew Davidson and ETC
Press for publishing the proceedings for us. We are already hard at work on next year’s
conference, looking to make it as inspiring and wonderful as ever.

The GLS Proceedings Editors,
Crystle Martin, Amanda Ochsner and Kurt Squire
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Let's Talk About Intelligent Tutoring Systems and Games for
Learning
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Abstract: There is a growing community of games for learning researchers
conducting foundational work on game adaptivity. Their interest lies in the difficulties
in ascertaining direct learning gains from instructional digital game play. The common
belief is these difficulties arise from a “one-size fits all” approach to instructional game
design (Beal et. al., 2002). A potential means to address this issue could lie in the
incorporation of artificial intelligence and/or design elements of intelligent tutoring
systems within an instructional game’s decision-making architecture. Assessing and
adapting to the learner's instructional needs during gameplay would theoretically
result in increased learning gains. This fireside chat will begin with a discussion on
the affordances of adaptivity within games for learning. The conversation will then
transition to a discussion on the limitations and challenges of implementing adaptive
game play, and will conclude with a discussion on future directions in research on
adaptivity within games for learning.

Introduction

There is a growing community of games for learning researchers conducting foundational work on
game adaptivity. Their interest lies in the difficulties in ascertaining direct learning gains from
instructional digital game play. The common belief is these difficulties arise from a “one-size fits all”
approach to instructional game design (Beal et. al., 2002). A potential means to address this issue
could lie in the incorporation of artificial intelligence and/or design elements of intelligent tutoring
systems within an instructional game’s decision-making architecture. Assessing and adapting to the
learner's instructional needs during gameplay would theoretically result in increased learning gains.

This belief is born out of the long-standing challenge within educational technology to provide
instruction that adapts to address learner’s individual differences (Thorndike, 1911; Dewey, 1964;
Cronbach & Snow, 1977; Como & Snow, 1986; Tobias, 1989). Adaptive instruction, “an educational
approach that incorporates alternative procedures and strategies for instruction and resource
utilization and has the built-in flexibility to permit students to take various routes to, and amounts of
time for, learning” (Wang & Lindvall, 1984, p. 161), is beneficial for several reasons. The first benefit is
that adaptive instruction allows for multiple paths to learning and learning goals. The second benefit is
adaptive instruction leverages the current aptitudes and skills of the learner in order to strengthen
areas of weakness. The third and final benefit is that adaptive instruction better prepares learners to
succeed in future learning opportunities (Glaser, 1977).

Adaptation Within Education

Human tutoring is commonly believed to be the most effective form of direct instruction (Bloom, 1984).
One reason is the ability of the human tutor to focus their attention on one particular student and tailor
the instructional support that they provide. Adapting instruction to meet the current needs of a learner
is pointed to as a valuable skill in the arsenal of an effective tutor. Unfortunately, it is logistically
impossible to provide one-on-one tutoring within contemporary, compulsory school settings. Students
greatly outnumber teachers, the finances do not exist to support hiring more teachers, and a host of
other issues make it difficult to implement this instructional model. The advent of the personal
computer heralded a technological solution to issues surrounding one-to-one instruction. Computers
don’t get tired, are always available, are able to make human-like decisions, and can store vast
amounts of data, which can be used to provide the dynamic instructional support to learners. One of
the more successful attempts at emulating human tutors through the use of a personal computer is an
intelligent tutoring system (ITS).

Intelligent Tutoring Systems

The general goal of the field of intelligent tutoring is to increase learning efficiency. These can be
conducted through the use of instructional models, which can be one-to-one, many-to-one, or one-to-
many models. For example, traditional grouped instruction has one teacher for many learners. One to
one instruction is found in tutoring settings. Within a many-to-one model a learner is provided with
instruction from a variety teachers that address personal pedagogical needs. Intelligent tutors seek to



take advantage of opportunities provided by computers, the Internet, and the fields of artificial
intelligence (Al) and cognitive science to provide one-on-one, many-to-one, and one-to-many learning
environments.

Well-designed intelligent tutoring systems have consistently been shown to improve learning
outcomes in a variety of different domains. For example, AnimalWatch, an intelligent tutor designed to
help pre-algebra students solve word problems, produced equivalent learning gains with human
tutors, but in half the time (Beal, et. al. 2005). Eliot, Williams, and Woolf (1996) developed an
intelligent learning environment to teach medical personnel how to manage the effects of cardiac
arrest. An evaluation of the intelligent tutor revealed that it produced results comparable to those
produced by a human instructor. Based on these successes within the field of intelligent tutoring (and
many more), it is theorized that the integration of an intelligent tutoring systems or cognitive tutor
within the architecture of instructional games would help in the acquisition of learning gains.

VanLehn (2006) characterizes an intelligent tutoring system as having two loops: the inner loop and
the outer loop. These two loops contain elements that make them an appealing inclusion within the
architecture of an instructional game. The outer loop is responsible for selecting tasks for the learner
to complete. The inner loop, on the other hand, is responsible for administering the steps that a
learner has to complete in order to show competency on a task. In addition, VanLehn states, “the
inner loop can give feedback and hints on each step. The inner loop can also assess the student’s
evolving competence and update a student model, which is used by the outer loop to select a next
task that is appropriate for the student” (VanLehn, 2006, p. 227). By applying these characteristics of
within instructional game architecture, one can avoid the one-size-fits-all approach to the sequencing
of tasks within instruction and provide an adaptive, personalized learning environment.

Adaptive Games for Learning

Embedding adaptivity within an instructional digital game has several pedagogical advantages. The
first is that it allows for personalized feedback. In order to assess the current state of a learner,
without interrupting game play, Pierce, Conlan, and Wade (2008) designed the ALIGN (Adaptive
Learning In Games through Non-invasion) system architecture. ALIGN is made up of four processes,
which work together to provide an individualized learning experience: inference, context
accumulation, intervention constraint, and adaptation realization. This system was used to provide
feedback and affective support to the user based on their game play. While their study was
exploratory, the researchers found those players that received adaptive hints after an unsuccessful
experience within the game showed marked improvement on future attempts on the same task than
those who played a one-size-fits all version of the same game.

Another affordance of adaptive digital games for learning is the adjusting of the game style to the
learner. Magerko, (2011) describes S.C.R.U.B. (Super Covert Removal of Unwanted Bacteria), which
is a game being developed to teach about microbes that are resistant to antibacterials and their
transmission within a hospital setting. S.C.R.U.B. is actually a collection of small (mini) games that are
being designed to teach students about these super strong strains of microbes and how they can be
transmitted from person to person from either contact with contaminated surfaces or human-to-human
contact. Adaptation of the game takes place through the matching of the users play style preference
to their learning style preference. While this adaptation is not dynamic (play and learning style
preferences are determined by a pre-test), the researchers have developed a prototype, with the
ultimate goal being dynamic game adaptation.

Goetschalckx et al. (2010) condensed adaptations within instructional digital games to two categories:
Dynamic Difficulty Adjustment and Dynamical Estimation of Player Abilities. One important
characteristic of games is their ability to provide challenge. Al can be used within instructional digital
games to provide the appropriate amount of challenge to a user. This is accomplished through the
creation of a player model. Challenge is an important element of successful game design as it serves
to maintain motivation and engagement, which are important contributors to learning. Al is a beneficial
addition to the architecture of any digital game because when tuned precisely, it can provide the
optimal level of challenge, while providing the learner with the exact instructional content that is
needed.



Intelligent Tutoring Systems and Games

Attempts at combining features of intelligent tutor systems with features of games can be classified in
one of three approaches: 1) Adding game features to an existing ITS, 2) adding ITS features to an
existing game, and 3) building a combined ITS and game. An example of the first technique would be
the incorporation of game features within Grockit (Bader-Natal, 2009), an online intelligent tutor
designed to prepare students for the Graduate Management Admission Test (GMAT) and the
Scholastic Aptitude Test (SAT). Grockit (Bader-Natal, 2009) sought to leverage pedagogical
affordances of specific game features in an attempt to encourage synchronous collaboration between
tutees. This interaction between tutees was deemed beneficial because it provided a solution to the
problem of correcting misconceptions of learners by allowing other tutees to remediate. In order to
facilitate this correction of misconceptions through peer remediation, Grockit allowed tutees with
similar interests to form learning communities where they worked with peers with similar interests on
study problems. Within learning communities, tutees could play games designed around answering
exam questions. Within the game, all tutees were presented with the same question, which they were
all required to answer. Once all participants had answered the question, they were provided with the
correct answer and allowed an opportunity to discuss the question and the answer. Within the main
lobby of the learning community, tutees received feedback through the game features of points,
performance statistics, leaderboards, and badges.

An example of the second technique of adding ITS features to an existing game would be River Citg/
(Nelson, 2007). River City is multi-user virtual environment in which learners are placed in a 19"
century town and tasked with determining why residents are getting sick. In order to gather evidence
players can talk to other three-dimensional agents within the world, read books, and collect and
analyze samples. All of the information that players feel is important can be kept in a logbook. River
City’s instructional purpose is to provide an environment in which players can increase their scientific
inquiry skills while also learning about bacteria. The investigator sought to explore the effect of adding
an individualized guidance system within River City in order to increase learning gains. The
individualized guidance system was designed based on adding features of ITS. An expert modeling
and coaching system was integrated, which demonstrated to players the proper way to conduct an
inquiry and answer questions within River City. This ITS feature is akin to the feature set one would
find in a step-based ITS. In addition to the expert modeling and coaching system, a part-to-whole ITS
trainer called the Legitimate Peripheral Participation System was designed to guide the players
through inquiry tasks by assigning specific tasks and systematically increasing the responsibility of
players in gathering evidence. While no significant differences were found between those who played
the ITS enhanced version of River City and those who didn’t, there were significant differences found
between participants based on gender in terms of learning outcomes.

Finally, the third technique of building a combined ITS and game was explored by Rowe et al. (2009)
within a game called Crystal Island. Crystal Island has a similar instructional objective as River City,
with the main differences being the inclusion of intelligent agents, which have tutorial and narrative
orientations, and a focus on pathogens versus bacteria. The intelligent agents in the game were
constructed to provide affective instructional support by attempting to display empathy to the learner.
An additional difference between River City and Crystal Island is that Crystal Island has more
structured learning activities, while River City was built based on a theoretical framework of socio-
constructive and situated cognition. In an investigation of the impact of Crystal Island in terms of
providing affective support to learners, Crystal Island outperformed the control condition in providing
affective instructional support, but no significant differences were found between the control condition
and affective condition in increasing learning gains.

There seems to exist potential for the adaptation of instructional game play based on an estimation of
the abilities of the player and their affective state (based on observable and unobservable variables,
expert model, learner model, etc.). This would buck the trend of one-size-fits-all instructional games
by providing a personalized learning environment that is optimally tuned to address the current
learning needs of a student. This approach to games for learning design is definitely in its infancy, but
is definitely an area worthy of investigation. This discussion will serve as another contributor to the
growth of the field by providing a forum to discussion past successes, current projects, and future
directions.

This fireside chat will begin with a discussion on the affordances of adaptivity within games for
learning. At this point the conversation will shift to a discussion of the three approaches to marrying



intelligent tutoring systems and games. Specifically we will discuss approaches to integrate ITS goals
and game goals. Furthermore, we will discuss the instructional domains and game genres which lend
themselves to a marriage between ITS and games. The conversation will then transition to a
discussion on the limitations and challenges of implementing adaptive game play, and will conclude
with a discussion on future directions in research on adaptivity within games for learning.
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Abstract: Whether demonized or lauded, gamification is a new direction that
corporations and institutions are using to engage their target base. The Just Press
Play (JPP) Project, developed by the Rochester Institute of Technology with funding
from Microsoft Research is one of the first serious attempts at gamifying the
undergraduate experience. If successful, the tools and methods used in this project
will be made available to other organizations for their own implementations. This talk
will address the design aspects of the project, the implications of gamifying the
college experience, how the design of JPP can model a new direction for student
engagement, and what the implications of this project are in the larger discussion of
mapping game-like layers in “serious” contexts.

Gamification is a highly debated issue in games-based research. Those who profess the virtues of
gamification speak of the benefits when people play or learn towards a common interest (McGonigal,
2011). In contrast, critics believe that gamification is being used as a marketing ploy for the benefit of
the corporate sponsor rather than the participant, going as far as to try to rename gamification to
exploitationware (Bogost, 2011; Juul, 2011). Regardless of your side in this debate, however,
gamification in its current form does not seem to be declining in popularity. On the contrary, the idea
of layering game-like elements onto real-world spaces and practices is flourishing. From Nike+
helping motivate runners to Foursquare declaring mayors of McDonalds, gamified spaces are indeed
changing the way we are looking at games and our interaction with the world around us. Yet few of
these experiences have been designed for the environment where numbers, achievement, and
assessment matter the most—that of education.

The Just Press Play (JPP) project is an attempt to shape the way undergraduate students approach
their academic careers. JPP is a game layer added onto the academic space, developing challenges
for participants to achieve and help establish another outlet where academic staff and students can
communicate besides just the classroom. The “players” of JPP are presented with a series of
challenges that range from going to the instructor’s office hours to dining off-campus with a large
group of classmates. Once a challenge has been completed, the player receives an achievement,
which they then claim and display to other students. The website where the players go to submit their
achievements is accessible only to the players of JPP, fostering a close community. As of the time of
writing this paper, the JPP project has over 500 participants.

Many educational games are set up for failure because they want to cram as much academic content
into the product as possible. What makes JPP unique is that while they are gamifying the academic
experience for the students in the Interactive Games & Media (IGM) program, they want to stay away
from academic-specific content and focus more on the community itself. Their achievements are
guided by three questions: What behaviors did we want to reward and encourage? What feelings of
competence could we engender? What did we want out students to remember and reflect on?

This paper will discuss those design strategies behind JPP and the iterative process of its creation.
Through interviews with both students and faculty both behind the scenes and with users of JPP,
assessment researchers from the University of Wisconsin-Madison discovered a densely layered
process of iteration and best practices, as well as some of the drawbacks and design flaws to act as a
learning lesson for those wishing to add gameful layers to their own environments. We hope to make
JPP a part of the larger discussion on gamification but especially in an academic setting so as to
highlight some of the advances of the JPP model and drawbacks to porting what happens at RIT to
other environments.



Games have been consistently shown to be well-designed learning environments (Gee, 2005; Squire,
2006). Evidence already supports the usefulness of games as a supplement to the curriculum (Squire,
2004; Egenfeldt-Nielsen, 2004, 2006, 2007), a standalone educational experience (Barab Hay,
Barnett & Squire, 2001; Barab, Thomas, Dodge, Carteaux & Tuzin, 2005), and a way in which a
community can deliberate scientific concepts (Steinkuehler & Duncan, 2008). But these successes
are predicated on the games being well designed for their purpose. Good design of educational
games is particularly critical, because their failure risks setting back the general pursuit of using
games in schools. If the game or educational tool is too complex for even the teachers, the students
will suffer (Tuzun, 2007; Halverson, Shaffer, Squire & Steinkuehler, 2006).

What JPP wants to eventually accomplish is therefore incredibly ambitious. As their website states:
It is our hope that future funding will allow us to bring the Just Press Play experience
to a larger audience, both at RIT and at other institutions. Towards that end, our
underlying infrastructure will eventually be made available as an open source project
(Just Press Play, 2011).
The scope of JPP requires a design specific enough to focus on the needs of students in an
educational program, but general enough to be able to be customized for other environments
moving forward. The question then becomes what will stay or go in the final design that does
become publicly available. One of the first systems designed was JPP’s achievement system.

The achievement system in JPP assigns achievements to the user when he or she completes a task.
Like many games, the beginning of JPP offers a low buy-in for the player. Simply visiting a faculty or
staff member will earn you a tutorial-level achievement. It is at this point that the user could become
more invested, as the goal of the developers of JPP is to make the student more engaged with their
own education (Lawley & Phelps, 2011). But is there a need to gamify the student’s collegiate
experience? Do we cheapen the process of taking charge and remaining proactive in your career by
narrowing down achievement to earning achievements? Deci (1971) found that extrinsic rewards
through gold stars and other physical forms of accomplishment actually decreased intrinsic
motivation, later confirmed through a meta-analysis (Deci, Koester & Ryan, 1999).

The answer that the developers of JPP came up with and could be the reason why the game still
remains a topic of interest with the students is that there is no achievement tied to the curriculum. As
a senior developer on the project put it, “if they [students] felt coerced into doing it [JPP], we lose, it’s
broken” (N1, 2012). The students who remain in the game do so because of the intrinsic motivation of
wanting to fulfill achievements, and not for any extrinsic motivation tied directly to the IGM curriculum.

The developers wanted to design a game that would not make the students better scholastically,
necessarily, but better all-around students. There are achievements that include simply getting to
know the professors in your department. One such achievement, “For the Lawls” was to tell a joke to
a senior professor and if she laughed you would receive that achievement. Another achievement dealt
with rifling through a visiting professor’s office to find his card while he was present. There were many
achievements that allowed you to get to know your faculty, but there was also in the design ways in
which you would socially interact with people in your department where before you may have not had,
or made, the opportunity.

Undying achievements or large-scale events intended to allow social interaction amongst the larger
IGM community have proven to both be well-placed achievements for interactivity and social
engagement. From our interviews, participants would frequently cite the flash mobs and the Study
Club achievements as being their favorite activities.

The flash mobs are initially devised by one faculty member who also is in charge of the achievement
artwork and then collaborated upon by the other faculty behind JPP. One of the flashmobs was a
rendition of the famous dance from the Michael Jackson song Thriller. Another had to do with a
human Rube Goldberg machine, taking place in the atrium of the building which houses IGM. While
both activities took place on school grounds and were run by faculty and staff, these achievements
were not tied to curriculum in any way.

The Study Club achievement is the closest JPP ever gets to being tied to a curriculum. At RIT there is

a computer programming course for which the pass rate stays at a consistent percentage throughout
the iterations. Seniors got together to help the freshman study for the final exam and while we cannot
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prove causation, the semester the achievement was implemented, the pass rate went up by several
points (N1, 2012). What was supposed to be a one-time achievement became a recurring one not
because of academic success, but because the students felt they were making a positive influence on
their peers with the study groups. While these are great examples of how to add gameful layers to the
college experience without covering the broccoli in chocolate, there have also been lessons learned
from this experience for others looking to do something like JPP in their own institutions.

As stated previously, the achievements of JPP were not motivated to help students do better in
classes or reward them for those efforts, but rather to generate a sense of community and highlight
the many resources at the students’ disposal at RIT. A two-year process from conception to launch
took place involving the advice from experts in the games-based learning field and through funding
from Microsoft Research. Because maintaining JPP would require funding for staff and resources,
little progress on the infrastructure end was made until funding was guaranteed. When the funding
came through, staff and students had a little over 3 months till their proposed September launch date,
the start of the RIT school year. A decision was made to push back the launch till Homecoming, but
even with an extension of time, developing as complex a tracking system has JPP was envisioned to
be is still a near impossible task.

With a system as broad as JPP where students are to have an online database where they can log
their achievements and compare with others in the game, it involves a lot more than just game design
to make the whole system work. The work of JPP was therefore split into two groups: game design
(achievements & fun factor) and the technology end (infrastructure, system stability, aesthetics, and
information dispersal).

The game design of JPP took on various evolutionary stages from what it currently is today. At first,
the achievement system was loosely based on Bartle’s player model test (Bartle, 1996), but was
challenged by a senior advisor and subsequently removed because of the incompatibility between
overlapping an achievement system onto a system of player types. Instead of shoehorning
achievements into player types, and design and development, the developers wanted to focus on
breadth and depth of achievements to attract the largest possible audience, encompassing all types
of players without relying on Bartle’s player types.

RIT has the luxury of having a historically rich backstory to its inception, one which developers wanted
to incorporate into the storyline behind JPP. What is now known as RIT used to be the Rochester
Athenaeum, a liberal arts school, with the other school being the Mechanics Institute. Again alluding
to how the developers wanted to shy away from curriculum specific content, many achievements have
to do with the initially dichotomous relationship between the two schools. The historical element of
JPP encompasses only a fraction of the total achievements, and with any good system there is a
potential of leveling. The project itself may have become so popular however, that the infrastructure
and achievements made were not enough to withstand the demands of the participants.

The initial launch of JPP was to involve a comprehensive website with RFID tags so that students
would be able to register achievements at kiosks. The physical placement of RFID scanners was too
much for the infrastructure to accommodate, and therefore, the RFID tags are still underused. The
information resources of JPP, which include Facebook groups, online newsletters, and subreddit
threads, were also underutilized, as the interviewees rarely used these resources. In addition, despite
the research that speaks negatively of extrinsic rewards, the interviewees actually felt this would help
participation in the program either because of workload or perceived exclusion:

“There could be better ways to incentivize it (JPP), because right now it's kind of an

intrinsic incentive...the incentive is the achievements themselves...| know that at least

for people like me...it works as a system...there are a lot of people | know that would

need some sort of a push or something tangible to actually want to participate.” (N2,

2012)

From our preliminary statistical analysis, participation has dropped dramatically since the launch, but
from the interviews it is not from lack of interest in the game, but rather a lack of content. The concept
of JPP, like other massively multiplayer online games, was to have participants level up based on
their achievements in the game. Unfortunately, many of the players became so engaged that those
who played all of the content for leveling up did so in just a few weeks. Content has not been added in
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the additional levels, and therefore those players have been put in a waiting pattern. No participants in
interviews who played signaled they would stop playing once a new update of JPP is released.

Although there are difficulties with JPP in regards to additional content and the potential to exclude
some audiences, what the game has managed to accomplish is attracting a devoted audience who,
while acknowledging the faults of the project, also look forward to the revisions. There could be
several reasons for this, such as the uniqueness of the program geared towards game design or the
devotion given to certain faculty who are in on the project, but what has been accomplished should
not be lessened because of flaws in the infrastructure. Those who are playing at the moment are
enjoying the game, and while JPP’s system should not be made available open source just yet, they
avoid many of the pitfalls of other gamified environments which rule out their usage completely.
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Abstract: Smoking relapse remains a significant public health concern with high
costs. Behavioral rehearsal can help smokers master coping skills to manage
smoking urges. A collaborative team of doctors at Memorial Sloan Kettering Cancer
Center and game designers at Muzzy Lane software have been exploring the
potential of a game-based approach to this challenge, focusing on post-operative
cancer patients who need support to avoid resuming smoking when returning home.

The team has developed multiple game prototypes, and tested these prototypes with
our target audience and expert reviewers. Both the design and testing have yielded
unexpected insights: Because much of the work of smoking abstinence is internal, we
developed game mechanics for “internal dialog” that work alongside other mechanics
for conversation, and that allow players to practice a variety of coping skills. We will
report on what we have learned in Phase 1 of the project, and what next steps will be
in this ongoing project.

Significance

This project’'s aim is the development of a smoking urges coping skills game to decrease post-
hospitalization smoking relapse in tobacco dependent cancer patients. This remains a highly
significant project for several reasons. While effective treatments for tobacco cessation do exist,
relapse rates remain high and innovative interventions specifically designed to prevent relapse are
needed.

Our team started with the idea that a coping-skills game could offer several advantages to traditional
behavioral treatment: It can be practiced multiple times at smokers’ convenience to address their
specific smoking triggers; It can create realistic simulations that provide behavioral rehearsal
opportunities that are not possible in real-world treatment settings (e.g. social smoking situations); it
can be readily disseminated to a broad audience of tobacco-dependent patients without resource-
intensive programs; and it can be cost-effective as the initial outlay of costs can be recouped with
wide access and re-use.

Project Overview

Supported by a NIDA grant, we have undertaken a design-research project to develop and test a
series of prototypes, with initial aim of arriving at the game mechanics that have the greatest potential
for success.

We have created two prototypes, and tested them with a population of medically ill smokers. In this
paper, we report on the findings from both the design work and the testing. Results from the early
prototyping resulted in the ‘invention’ of new mechanics—and testing results showed both promise
and work to be done. We plan in the next phase of the project to complete a third version of the
game, building on what we have learned, and then do a randomized clinical trial design (Usual Care +
Smoking Cues Coping Skills Game vs. Usual Care Only) to test whether the game increases coping
self-efficacy and smoking abstinence among hospitalized cancer patients.

Design Research Work

Design and development has been a collaborative process with the two Pls leading individual teams
at MSKCC and at Muzzy Lane Software. The team began work with discussions of earlier research by
our medical team, and of a wide array of game mechanics and approaches that we might draw upon.

We then developed an initial design approach over the next month. It included a key concept based
on patient profile discussions: Patients would not play “themselves”—instead, the game would feature
one or more relatable characters in situations that would present challenging situations within which to
practice coping strategies for managing smoking urges.
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Based on this design direction, a non-electronic prototype was produced (using board-game
metaphors) to allow the team to review the concepts and gameplay with the Patient Advisory Group
(PAG), which met on May 11 at MSKCC. At the PAG session, the team received valuable feedback
that led us to finalize several key aspects of the Phase | design. The key feedback points were:

e Patients did not want to be presented with a game that depicted smoking cessation as
“lightweight or tried hard to be entertaining” (a PAG member). The PAG member commented
that he would be interested in learning from the serious struggles of his and others’ quitting
experiences.

* Patients appreciated the narrative element of the paper prototype, and were inspired to tell
their own stories in response. This solidified our belief that the narrative would be important
for our target population.

e The group highlighted the importance of their internal struggle to cope with urges to smoke,
which were seen as more important than external (environmental) triggers. For them, the
struggle went on largely in their heads. We realized we needed a way to incorporate this
element into a key design innovation, which became known as Internal Dialog.

Updated game design based on paper-prototype feedback

To address the issues raised during the PAG meeting, the team devised several key design
innovations and made a variety of decisions in the planned product structure. We believe these
design changes will greatly increase the impact of our planned Phase Il product. The changes were:

* Internal dialog system: This system gives the player control of the game avatars’ thoughts,
as well as their conversation and actions.

e Counter-thoughts coping mechanism: As part of the internal-dialog system, we were able
to model the concept of counter-thoughts that the player/avatar can use to count negative
(tempting) thoughts about smoking.

* Challenges: Organize the game as a series of 10-15 “Challenges” rather than one “Game”.

e Multiple characters: Include three different characters in order to give a wider range of
characters to which patients can relate. We also plan to have the narratives of the characters
connect with each other to sustain motivation and propel patients to play new “challenge”
situations.

Development of the Smoking Cessation Game Prototype

Once the product and game design were reviewed and approved by the full ML and MSKCC teams,
we specified the subset of the full product that would be produced as a prototype for testing. We
specified that the prototype would include:

* One complete “Challenge” or unit from the fully envisioned product, with all the features and
functionality we would expect a unit to include. This included a 3D game scene with three
characters working through one challenging situation.

* An initial project website from which the Challenge could be played. The website would also
provide a menu of additional envisioned challenges and project and character descriptions to
give PAG reviewers necessary background for playing the game.

Character and environment design

The characters and environments needed to meet several challenging criteria: We wanted
environments to be somewhat realistic, but also environments that patients would be willing to spend
time in virtually.

We also wanted the environment to be relatable: We had learned from earlier interviews that patients
were more willing to fully enter the experience if they felt it related to their own struggles as smokers.

Characters needed also to be sympathetic to the patients from a broad range of social and ethnic
backgrounds. Characters were designed to have a solidity and straightforward naturalism, while NOT
being realistic in detail. We wanted to avoid the “uncanny valley” of characters that are a little too
realistic, and therefore end up being off-putting, as viewers compare them to reality and find them
wrong.
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Narrative Writing

Since we understood that narrative would be an important part of the project, we added an
experienced play and television scriptwriter, to the team. He has written for the stage, for public
television, and is currently an artist/writer in residence at MIT. His scripts and dialog were praised by
testers as both feeling “real”, capturing the challenges patients faced, and adding some appropriate
humor. With the addition of Internal Dialog (along with Conversation and Coping Actions), we needed
to develop a new format for our scriptwriting, which will be useful going forward.

The Second Prototype

The second Prototype was completed in July and deployed to the project website and tested internally
at MSKCC in preparation for review and testing with patient volunteers. The following captured
images show the major elements of the Prototype:

Screens from the Prototype
The following screens show the main elements of the second Prototype:

The characters you will play: ‘

You willface the chalenges of three interesting characters, whose ives wil intersect as the game

Challenge Menu

goes on. Each character is based on interviews with real cancer survivors, and their experiences

Ray Barlow
o= Age 59
Job: mid-level sales executive for mid-sized manufacturing

company
Family:  Mariied One Daughter
Resides:  Long island Suburban House

"My name is Ray Barlow. And after 30 years of smoking a pack-and.
a-half of cigarettes a day, | got lung cancer. They cut it out, and sent
orapy. But I still wanted a

world. That woke me up. | decided

smoke. And if | can do it, you

Game characters: Patients will choose from three
or more characters. The prototype featured this

character.

After the Meal
Dinner's done. s time for a family discussion... Can you
make it without a smoke?

Driving in Traffic
Just seeing the ashtray is trigger enough, but add the stress of
the morning commute? One tough challenge.

Waiting for the Train
The train is delayed, the smokers are down the end of the
platform, and you can smellthe aroma from a mile away.

The Party
Can you be social without your habit? How about when your
friends startlighting up?

On the Phone with Customer Service
Your cal is important to them. What can you do beside smoke
whie getting the run-around?

Challenge menu: Patients will choose from 15
challenges in final product. Prototype included

one challenge.

Sf\:le'{g"‘l,‘:;" SRR AR by V5 Strength| J ‘ ; SSAANRAD, ¥
‘GL 2 Jv \ R B ) ) W N ¥ %, ¥ Mftgr i & U Peacotutjustio \ 4 W S W W S W W ¥ W
E* A & W sithere.

Use

£ %

| for a cigarette.

¥ s ¥ e %
| Man, this would I'm glad to be |

be a perfect time home with Julie |*

and Marie.

Counter
Thought j
e X

For me, smoking was something | did like automatically, almost like breathing, when | got into certain

situations. Figuring out how to get through those few moments after a nice dinner with the family without a There is nothing like a home-cooked meal with the family

smoke was one of the toughest things for me. | slipped up some, but | made my way through eventually.
This one Tuesday night was one of the toughest. Julie'd just graduated high school.

Interior Dialog: The patient can choose what Ray
thinks next. Patient can also use Counter Thought
to neutralize a negative “trigger” thought.

The character (Ray) introduces the Challenge.
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[Strength '~
Meter =

Coping strategy: Distract yourse

[Strength’
Meter
W

g
W

. ) . Coping strategies for managing smoking urges:
Conversations: The patient engages in the The environment also includes a variety of coping

situation by controlling conversation with other

characters in the scene. strategies the patient can utilize and practice—in

this case, petting the cat.

Strength ) " |
Meter < B

Ray slipped and smoked.

Somehow the urge got the best of
me... | have to think about why.

reycles across

Post slip: The participant can practice ways to
Slipping: If the character (Ray)’s strength (to resist recover from a slip—in this case through dialog.
urges) is reduced to zero, Ray slips and smokes.
This outcome is what the player is working to
prevent.

Expert Panel Review and Feedback

We conducted interviews to introduce the game and solicit feedback on the prototype from five
external consultants with expertise in the development and evaluation of tobacco cessation
interventions. These consultants were provided with off-site access to the prototype game and were
requested to provide specific feedback on the game relevance, usability, and utility. Overall, the
experts found the game to be engaging, novel, and appreciated the value and appeal of the narrative
story for player engagement. The following four primary themes and suggestions emerged from the
Expert Panel:

Add a clear and compelling initial orientation providing goals. The experts recognized that our
intended users are not experienced game players and therefore suggested that greater attention be
paid to “setting the stage”, and framing the game as intended to be a helpful way of practicing ways to
manage challenges faced by smokers in their efforts to become smoke-free.

The user interface will benefit from more explicit instructions for manipulating the game
environment. Similarly, the experts perceived that less experienced game players might find it
difficult to engage the interactive elements of the game environment and suggested that a narrator
and/or “help” icon could help players navigate and manipulate the game environment. Although they
liked the overall concept of selecting and being encouraged to use Counter Thoughts as coping
strategies, this was one formatting element in which the experts felt that either a demonstration or
explicit coaching from a narrator would be needed.
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The avatar should allow a broad range of patients to identify with the game characters.

There was a lengthy discussion about whether players should play themselves or a game character.
One expert suggested that being able to build, select and personalize the “look and feel” of the avatar
is a fun way to increase players’ game engagement. All agreed that having choices with regard to
character selection and options for play enhance relevance. Additional suggestions included more
reference to the cancer and its treatment.

Experts provided suggestions for making the game more engaging by providing greater
reinforcement for positive or negative game decisions.

Several comments focused on improving the ways in which we presented the rise and fall of the
player’s “urge to smoke.” One expert suggested adding more explicit praise and encouragement for
constructive use of coping strategies (“the narrator could praise players for effective coping”). Another
expert suggested that effective use of coping strategies be reinforced with evidence of the character
having powered-up (acquired some wisdom or mastery of coping strategy).

Patient Feedback

As planned, we recruited 20 game tester volunteers who were adult cancer patients treated by the
MSKCC Tobacco Cessation Program. Interested patients were scheduled to evaluate the game at the
MSKCC Communication Skills Training Laboratory, where there are suitable digital media facilities for
demonstrating and recording a participant’s interaction with the web-based computer game. Informed
consent was obtained. Dr. Krebs conducted all patient feedback sessions. As testers navigated the
game, we used a “think aloud” or “verbal protocol” approach, which is recommended for usability
testing.

Participants were encouraged to verbalize their thoughts and raise questions as they explored the
game. Testers provided feedback on the introduction, proposed character descriptions, and played
through the prototype of an after-dinner scene with the avatar Ray and his family. Following
completion of the scene, patients were asked a series of evaluative questions. Usability was
assessed with the 10-item System Usability Scale (SUS), which has been found to have excellent
reliability in assessing usability of computer systems. The SUS is scored on a scale of 1-100 with two
subscales: Usability and Learnability.

As planned, patients represented a wide range of ages from 31 to 74 years, with a mean age of 56.
Participants were 70% female, 35% identified as African American and 5% as Hispanic. Current
smokers comprised 65% of the sample, and breast (40%), lung (20%), colon (10%), and prostate
(10%) were the most common cancer diagnoses. 30% did not use a computer even occasionally and
80% had little or no prior use of computer games.

The testing items evaluated four domains: User Interface, Content, Overall Experience, and Usability.
User interface, as defined by ability to figure out how to play the game, understand the instructions
and text, knowing what a user is supposed to do, comfort in playing the game, and professionalism
were rated at a moderate to high level, with means on a 5-point Likert scale ranging from 3.00 to 4.65.

Content items assessed the game’s utility in helping users manage smoking urges (M=2.90), prevent
relapse (M=3.65), and apply content to their own lives. Patients rated content relevance at a
moderate to high level (M=4.10). In terms of their game experience, patients reported moderate to
high satisfaction (M=3.75), would strongly recommend it to other patients (M=4.70), and felt that it
kept their attention (M=3.50). The Usability Scale (1-100) summary score was moderate to high (M=
67.00), a similar level observed with other commercial computer systems. The Usability subscale
mean was (M=65.94) with high Learnability (M= 71.24). Finally, responses from open-ended
questions and patient comments were transcribed and thematically coded.

Six primary themes emerged from the qualitative feedback:

The user interface was easy to use once instructions regarding game play were
provided.

Patients described that it was easy “after initial guidance” and that the “meter going up meant | was
doing well.” On the other hand, patients said “instructions needed to be more explicit’ and that it was
“sometimes confusing about what to do with the character.”
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Patient experience with the user interface provides important data for a full game
version.

In the first sessions, we did not provide explicit instructions either within the context of the game or by
the tester; we wanted to test to what extent the game should have explicit instructions versus a
concept where patients discover the rules for themselves. It became clear that our completed version
will require the game to begin with a demonstration and orientation. The simple clickable user
interface succeeded in making the game accessible in that as soon as patients were given a brief
introduction by the tester, even patients who never before had used a computer were able to play it
easily.

Patients strongly identified with the smoking-related situations and struggle to remain
smoke-free.

When asked what they liked most about the game, patients strongly affirmed the authenticity of the
after dinner scene in which they play the avatar, Ray, and choose his thoughts and dialogue. For
instance, in terms of relating to the avatar, patients said, “I knew what he was going through. | related
to the situations”, and “I related to Ray; | was feeling everything he was feeling.”

In designing a method for introducing users to smoking-related situations, we decided that users
would play characters with partially-scripted scenes, rather than playing an avatar representing
themselves in an open-ended scenario. The goal of this design choice was to make game play easy
for novice users as well as to enable the game to introduce patients into common scenarios with
which smokers struggle. Testing revealed that patients strongly identified with the character and
dialogue of the situation; no patient stated that he or she would rather have played an avatar
representing him or herself. Testers responded that:

e “l found myself projecting a lot”

*  “There were enough choices to pick to match my own thoughts”

*  “The thought choices were “spot on with what you'd say to yourself”

* Testers liked “trying to put myself in Ray’s shoes and make the best choices in a positive

way.

The process of game play demonstrated both behavioral and cognitive coping skills
for remaining smoke-free.

The game demonstrated cognitive coping skills by requiring users to choose Ray’s thoughts and
dialogue, which then influenced how the other characters responded to him. Behavioral skills were
exemplified by enabling the character to choose strategies such as drinking water or deep breathing
to cope with tempting situations.

Patient-testers responded that the game play was useful for teaching and reinforcing coping skills:

* “ like that | was brought along as the character, since it introduced me to new ideas about
how to not smoke.”

* |n terms of what they will integrate into their own lives, patients reported: “to be mindful of
thoughts and that you can stop yourself.”

* To pause and make a choice, “I learned substitution, distraction, and avoiding cues that
would make you want to smoke”, showed me "l can do without and walk away," and that one
tester found it helpful “...that you could make choices because that's a big part of quitting.”

Our goal in design was also to show the mutual influence of the characters on each other. Testers
readily picked up on this concept:
e “As he made choices, he received positive responses from his wife and daughter. His
reactions shaped the outcomes.”
e “That it's a bit like a real conversation in that you’re not in control of how others in game
react.”
* “[The game] shows you how not to escalate situations and make things worse.”
e “Communicates the importance of communication.” “It's okay to ask somebody to go outside”
and “Shows you it's not a singular fight; it involves everyone around you.”
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Patient-testers made suggestions for broadening the characters’ diversity, adding
coping situations, and for reflecting their own experiences with cancer.
We had populated the prototype dining room with a small sampling of coping strategies in which Ray
could engage. While patients identified with these, they also made suggestions for additional
strategies:
* “He needs to be able to do more things.” Patients suggested puzzles, reading, going outside,
exercising, doing artwork, praying, and clearing dishes.
* |n more than one instance, patients noted a desire for more specific reference to cancer:
“Choices for dialogue should reference cancer and recovery” that it should emphasize
“Consequences of smoking such as recurrence”.

Creating a game that reflects and appeals to a diverse audience is an important goal of our project.
Our testing sample was 40% non-Caucasian and 70% female, and thus well-represented in terms of
diversity. Patient-testers expressed desire for: a “Female character in a management job”, that it
needed a “dark-skinned character” and that we should “Add more races and realistic situations for
those races.”

Testers noted suggestions for making the game more fun and fast-paced.
While patients found the game interesting and engaging, they also expressed desire for it to have
more elements of fun. Patients stated it “Would have to be more exciting”, and that Ray was a “glum
character.” In line with typical expectations of a game, testers also wanted a reward structure:
* “l'wanted a reward. | wanted it to keep score”, and that “winning reinforces positive coping.”
* Patients wanted the action to move along more quickly, finding that there were “too many
thought choices at start” and that “all the choices slowed you down” and “took too long to
read.”

The game offers strong potential to be useful for preventing relapse.
In their summary comments, patients remarked that the game:

* “Reinforced tools and strategies | learned”, that it would “help me in situations where | have a
pattern and see it differently”, it could “be a reminder, sometimes good reminder of choices
and dealing with people who smoke” and that “if I'm slipping, it's a good reminder, feels
motivating.”

* Participants also liked the computer model in that “interactive is the way people are going to
be taught”’, and “I was fascinated because I've never seen anything like it.” Overall, it is “an

excellent idea. Needs to be fine-tuned though”,” that “you’ve struck gold” and that it was “well
thought out.”

Conclusions and next steps

This Phase 1 of the project has been highly valuable—lessons have been learned that will be
invaluable in the second phase. Designing an effective game-based approach to a difficult, personal
challenge like smoking-cessation requires both strong game design (in providing strong goals,
rewards, good feedback, and interesting mechanics), and consideration of other issues:

¢ Because of the personal and truly life-and-death nature of the problem, patients/players are
very sensitive to both the context of the game world and the authenticity of the characters:

o Patients do not want to feel that the struggle is in any way trivialized.

o Patients want the experience to feel grounded—to have a weight that matches the
seriousness of their own struggle.

o Characters must mix relatability and gravitas—their challenges must be believable
and non-trivializing.

* Very simple and focused interfaces and mechanics are needed: This audience is often not
familiar with standard interfaces and concepts of computer games, and does not easily see
and absorb the multiple streams of information (scoring, meters, character action, dialog,
etc.) that games can provide.

* Internal Dialog mechanics can work, but issues of complexity and sequence must be worked
out: The players identified with the thoughts, and immersed themselves in the challenging
situation of the character, and did in fact “practice in context”. But they were confused by
some active-thought mechanics like Coping Thoughts.
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We look forward to addressing these in issues in a new version of the game, and to the
opportunity to run clinical trials to test that version.
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Abstract: Employing a combination of web-casting, vlogging, virtual world
simulations, and social networking, The Field Museum connected American and
Fijian teens interested in environmental conservation through an after-school
program entitled Conservation Connection. Participating teens learned reef biology,
increased their digital literacy, and produced plans for sustainable management of
reefs. A key component was a 2D coral reef simulation on Whyville.net—WhyReef.
We envisioned that WhyReef would serve as an interesting and age-appropriate
platform through which teens would develop a common knowledge base about coral
reefs. Additionally, we believed that banners, advertisements, and virtual money
incentives would motivate lurkers on WhyReef to take interest in Conservation
Connection and participate via the social network. Our observations and interviews
indicated that WhyReef was too simplistic to engage non-Whyvillian teens.
Furthermore, WhyReef did not succeed in incentivizing lurkers to participate. We
attribute this low participation to perceived exclusivity, program timing, and access to
technologies.

Introduction

Biodiversity loss and species extinction are approaching, or may have already reached, a critical
moment. Many scientists agree that the Earth is experiencing its 6th mass extinction; though unlike
previous extinctions, this one is caused by human activity (Human Footprint too Big for Nature, 2006;
Mittermeier, 2011). Coral reefs are hotspots for biodiversity but are in imminent danger. For example,
there are currently 845 known species of reef-building coral and of that number, 231 species (almost
one-third) are facing extinction (Black, 2008).

Natural history museums and other informal learning institutions can use their frequent interaction
with the public and their status as trusted sources to impact both science education and awareness of
the biodiversity crisis (Drew, 2011). Digital learning programs for youth at The Field Museum of
Natural History (FMNH) aim to introduce the tools, such as critical thinking and problem-solving,
necessary to understand the consequences of biodiversity loss, and engage youth in the global
connections between species survival, biodiversity, conservation, and human communities. FMNH
developed Conservation Connection (ConConn) to engage youth, aged 13-18, in the stewardship of
coral reefs using the cross-location, collaborative problem-solving necessary to affect change. FMNH
partnered with a high school within the Chicago Public School District and a high school in Suva, Fiji
to create a core team of teens, separated by geography but working together towards a common
goal. Additionally, FMNH reached out to youth on Whyville.net, specifically those interested in marine
conservation, to join the ConConn community and aid in reaching the program’s conservation goals.

While the program had many successes, the project team also experienced a key failure. A central
component of ConConn was WhyReef, a simulated coral reef experience accessed on Whyville.net.
During the development phase of ConConn, the project team'’s intention was to leverage WhyReef in
two ways. First, WhyReef was to serve as a platform through which core teen participants in Fiji and
Chicago could develop a common knowledge and language base around the topic of coral reefs.
Although WhyReef was successful in generating this common foundation from which both sets of
teens could work, the virtual experience and accompanying graphics were too simplistic to engage
core teen participants long-term. Second, WhyReef was intended to bring lurkers from Whyuville to the
social networking site built specifically for ConConn, where they would be asked to participate in both
online and real-world activities. Despite the project team'’s best efforts, WhyReef was not successful
in incentivizing a large number of lurkers to participate in ConConn activities.
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Conservation Connection — Program Summary

Conservation of coral reef ecosystems is most successful when action is both local and global. Using
a combination of WhyReef, web-casting, blogging, vlogging, and a customized social networking site
(FijiReef, http:/ffijireef.ning.com), ConConn attempted to engage American and Fijian teens as well as
youth players on Whyville in the stewardship of reefs through direct involvement in the scientific
process. This after-school program launched in January 2011 and concluded in June 2011.

WhyReef (reef.whyville.net), a coral reef simulation and suite of learning-based gaming activities in
the 2D virtual world of Whyville, was leveraged in order to ensure that core participating teens and
Whyuville youth gained equivalent knowledge in coral reef biology, ecology and conservation. They
also took part in specific activities, such as Save the Reef, to gain insight into current reef
conservation practices. Save the Reef recreated real-world perturbations, such as overfishing and
bleaching, which caused the reef to slowly change in appearance and composition over a period of
several weeks. Core teen participants and Whyuville youth were asked to identify the cause of the
catastrophe and help alter the state of the unhealthy reef. They used the Reef Simulator module
available within WhyReef, which allows players to test their hypotheses about the reef perturbation
and develop solutions that they can implement through civic action.

The FijiReef Ning was used by core teens, expert participants (e.g., marine biologists,
conservationists, and underwater photographers), and Whyville youth to share and provide feedback
on the ideas, blogs, photos, videos, and projects posted to the social networking site. Given that real-
time collaboration was not possible between all participants (e.g. 17-hour time difference), the FijiReef
Ning became the virtual hub where teens in both countries and Whyuville youth created and shared
blogs and videos to learn about each other and about topics in coral reef biology, ecology and
conservation. These blogs and videos were then shared with peers and experts to communicate
knowledge gained and to obtain valuable feedback to increase that knowledge. While core teens in
different countries and Whyville youth did not work on identical projects, they were able to share
ideas, critique each other’s work, and learn from their peers and experts.

In this program, fusing virtual and real experiences was a powerful combination for learning science
content and empowering youth to engage in science. By including real-world activities, core teen
participants were able to connect knowledge gained in the virtual settings to the real world, gather
data and information from their local communities to share with their international peers, and then use
those data and experiences to inform their conservation plans. Each set of core participants went on
four field trips in which they were able to engage with and learn about local aquatic environments and
participate in hands-on science. Teens in Chicago, IL participated in a fish dissection, received a
personalized tour of the Pacific coral reef exhibit at the Shedd Aquarium, performed DNA extractions
on coral reef fish samples, and explored their local aquatic environment on a trip to the Indiana Dunes
National Lake Shore. Teens in Suva, Fiji participated in a fish dissection, went on an investigative trip
to a local fish market where they interviewed fishers about changes in marine resources, visited a
nearby village in a locally managed marine area, and explored their local aquatic environment by
taking a snorkel trip on a coral reef.

For their final projects, teens attempted to make a real-world impact on Fijian reef conservation
efforts. Both groups decided that making educational/outreach pieces would be the most effective
way for them to address specific threats to Fijian coral reefs and encourage locals in Fiji to take
action. Teens in Fiji wrote an article, later published in the Fiji Times, to raise awareness of
overfishing and outlined causes, effects and possible solutions. Teens in Chicago wrote an editorial
for the Fiji Times that called attention to the problem of abandoned fishing vessels, and also produced
a public service announcement on the effects of garbage on coral reefs
(http://www.vimeo.com/27538531).

Through evaluation of the blog posts, videos and comments on the FijiReef Ning, post feedback
surveys, and post program interviews we were able to assess the program learning, inquiry and
attitudinal learning goals for the core teens. We found that through the multi-faceted digital and real-
world activities of ConConn, core teen participants showed their understanding of the
interconnectedness of life in a reef, how food webs are important gauges of energy flow, and the
consequences of disrupting that energy flow. These teens were also able to comprehend the causes
of degraded corals and the main threats to them, and showed a deep understanding of the
importance of reefs not only for the health of the ocean but also for the health of all animals, including

25



humans. Core teens also obtained a solid grasp of the varying problems with implementing strategies
to save reefs, from cultural roadblocks to economic ones. They were quite astute at seeing the
problem from varying points of view and understanding who may resist such conservation plans. Final
projects showed that core teen participants gained an understanding of the interactions within a reef
ecosystem, how humans are impacting these interactions, and ways to solve these problems to keep
the ecosystem healthy. Incorporating global perspectives on local issues allowed participating core
teens to have a more holistic understanding of these issues.

Aspects of ConConn that Did Not Work

While ConConn was educational for the core teen participants and achieved the learning goals
outlined by program designers, some aspects of the program design did not work out as planned.
Here, we highlight two ways in which the program failed to satisfy its core teen participants and failed
to reach the broader youth audience from Whyville.net.

Fail #1, The Simplicity of WhyReef

Core teen participants of ConConn used WhyReef as a primary source of information due to its
content, ease of use, low barrier to participation, and ability to provide an immersive experience for
youth players. Gameplay allowed teens to virtually experience the charismatic ecosystem that they
were tasked to conserve. Despite Whyuville’'s median user age being around 12 years, within
WhyReef, we had previously observed a large number of older teens participating, which surprised us
initially when we launched WhyReef in 2009. We decided to leverage this teen interest and
participation when designing the activities in ConConn. However, surveys and interviews of core
ConConn participants revealed that playing in WhyReef had the least appeal for both Fijian and
Chicago teens. From the feedback, we learned that the core teens felt that WhyReef was too
simplistic for them. WhyReef’s appeal rated last out of the 10 program activities listed in the post-
program survey. One Fijian teen commented, “(Honestly) | didn't really like playing on WhyReef
because it was (no offense :) a bit childish but it was also very informative.” During the first session of
gameplay in WhyReef, both teens in Chicago and Fiji were highly engaged and excited to be using
WhyReef. Over the next few weeks of the program, this excitement wore off as the teens determined
that WhyReef was below their age level. While teens still gained valuable information and assets from
WhyReef to use in program activities, as the program progressed, teens increasingly asked and
turned towards more age-appropriate information sources (such as expert-created videos, museum
specimens, and text books).

This attitude towards WhyReef was in stark contrast with another program run at FMNH, called the
Kids Advisory Council (KAC). The KAC was comprised of 15 students, aged 10 to 14, and aimed to
assess how youth use digital and real-world museum collections and how each of these formats may
enhance the other. KAC participants used WhyReef, supplemented by hands-on experiences with
coral reef specimens and collections, customized programs at a local aquarium, and real-world
interactions with reef conservationists. Participants then demonstrated knowledge gained to an
audience of experts and peers through video production. KAC participants were highly engaged with
WhyReef and, during gameplay, simulated real-life scientific observations about coral reef
ecosystems, mimicking the scientific process in order to inform solutions to real-world questions; and
had real-life “scientific discovery” moments and opportunities for “higher-level” engagement
(Aronowsky et al, 2011).

One key difference between ConConn and the KAC was the utilization of WhyReef. In the KAC,
WhyReef was central to the program and a significant amount of time was spent playing in the virtual
world. Surveys and interviews revealed that many of the KAC participants played in Whyville outside
of program hours. In ConConn, the use of WhyReef was more of a springboard into the main goals for
the program, and less time was spent there during the program sessions. Additionally, ConConn
teens did not use Whyville outside of the program, as neither set of teens had sufficient Internet
access outside of their schools. Thus, partly due to program design and access, ConConn teens did
not become invested members of the Whyville community, and the games and activities were
perceived as childish, stand-alone activities and not part of a vibrant virtual world. It is possible that if
we had recruited core teens from Whyville into the ConConn program instead of partnering with
specific schools, the use of Whyville may have been more robust and organic.

A second, and perhaps important, difference was the age of the participants in each program: 10-14
for the KAC and 13-18 for ConConn. Whyville is targeted towards ages 8-16, with the average player
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age being 12.3 years (Kafai, 2010). Because the graphics and point-and-click mechanics of Whyville
are geared towards an audience younger than the core ConConn participants, it may have been
natural for them to feel that Whyreef was “beneath” them and not challenging. In the future, we plan to
scale back the use of WhyReef in programming for teen audiences and instead use it as an
introductory activity and as a source for information and digital assets.

A final difference was the length of the two programs. While each program used the same model of
virtual, digital and hands-on activities, the KAC occurred over a much more condensed period of time
(4 full-day and 2 half-day sessions run over the course of a month compared to the twice-a-week full-
semester after-school program for ConConn). This time frame could have given the KAC program a
feeling of immediacy for the KAC youth. In comparison, it is possible that ConConn, a semester-long
program, lacked a sense of immediacy for teen participants. Additionally, the duration of ConConn
meant that the program encountered competition with other after-school activities such as sports,
drama, and social events.

Fail #2, Recruitment of Whyvillians

A goal of the ConConn program was to create a community of interest-driven youth, generating and
sharing content about conservation and coral reefs on the FijiReef Ning. Our plan was to recruit
Whyville youth to the ConConn program to participate with the core teens from Chicago and Fiji and
learn about Fijian reefs and their problems. To encourage the growth of this community, we placed an
animated vertical banner in rotation on the main Whyville home page (to advertise the ConConn
program throughout Whyville) and on the WhyReef Station landing page (to advertise to youth already
interested WhyReef). This vertical banner linked to a ConConn landing page in Whyville that
highlighted program activities, advertised virtual currency rewards for participation, and provided links
to the FijiReef Ning. A “Y-Blast”, a message sent to all Whyvillians using Whyuville’s internal e-mail
system, was sent out near the start of the program. Finally, MarkEOL, the avatar for FMNH Curator of
Fishes Dr. Mark Westneat and the acknowledged coral reef expert within Whyville, wrote an article for
the Whyville Times entitled “Saving the Reefs in Whyville and Fiji.” This article was a call to participate
in Save the Reef and to join ConConn to learn about and conserve reefs in Fiji.

Based on data provided by the parent company of Whyville, we know that 426,604 Whyvillians viewed
the ConConn banner. Of these, 1,796 Whyvillians clicked on the banner to reach the ConConn
landing page (a 0.42% click-through rate). Only 310 Whyvillians clicked through to the FijiReef social
networking site (a 0.17% click- through rate), with 22 joining the FijiReef Ning. While these click-
through rates are on par with click-through rates for similar sites (see below), we were disappointed
with the low number of Whyvillians who joined the program and the even lower rate of participation
despite the virtual currency incentives. Only six of 22 Whyvillians who joined FijiReef participated in
the program and their participation was minimal. Most participation consisted of uploading a profile
picture or commenting on content contributed by others. Only one Whyvillian contributed to an event
by adding a blog about a coral reef species. Participation in WhyReef has been extremely high with
150,000 unique users visiting in the first year (Aronowsky et al, 2011), however, we wrongly assumed
that this enthusiasm for WhyReef within Whyville would translate to enthusiasm for a related off-site
program.

There are many reasons why participation among Whyvillians was low. The small number of
Whyvillians who joined the program may have resulted from 1) the program existing on an external
site and not embedded within Whyville; 2) only being able to see the front page of FijiReef and not
being able to interact without creating a login; 3) requiring a new login and the completion of a short
application form to gain access to the FijiReef site; and/or 4) a combination of any of these factors.
While it is standard for many sites to require a login before posting comments and COPPA
compliancy requires limiting access to member data before joining a site, it is possible that we would
have had a higher level of Whyuville participation if FijiReef had fewer barriers to membership.

However, another reason for the disappointingly low participation may have to do with our own
expectations, rather than program design. It is possible that we set ourselves up to fail when it came
to the participation of regular Whyvillians in ConConn. The ConConn click-through rate and Whyville
participation numbers are lower than the accepted standard for Internet culture, the “90-9-1 rule” (Hill
et al, 1992; Whittaker et al, 1998), that describes the percentage of people that will lurk (90%),
comment on content created by others (9%), and become creators of content (1%). However, this
“rule” might not be valid as online communities expand exponentially and become more specialized.
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Some Internet authors note that a new rule may be emerging for different types of online interactions
and for specific web niches (Steinberg, 2011). Data from Adweek suggests that there are significant
differences in click-through rates for kid sites (0.37%), gaming sites (0.21%), and social media sites
(0.08%) (Chapman, 2011). Given the Adweek data, we might expect Whyville click-through rates to
be intermediate of these three values because Whyville crosses all three categories. Taking these
newer opinions and data into consideration, our click-through rates are consistent for
youth/game/social network click-through rates. Similar rates can be found anywhere on the Internet
from Amazon.com to Wikipedia (Nielsen, 2006). We now believe that our expectations were skewed
by the “90-9-1 rule” and not supported by more recent data and observations. We should have
recognized this during the development phase of the program and planned accordingly.

Of the Whyvillians who did join the FijiReef Ning, low level of participation may be attributed to
different factors, the first being the timing of the program. ConConn took place during the school year,
a time when youth are typically at their busiest. We have found from four perturbations and Save the
Reef events that we have facilitated in WhyReef since the 2009 launch that participation is
significantly higher during the summer months than during the school year (Aronowsky et al, 2011,
unpublished data). This also correlates with trends in Whyville where utilization peaks during school
holidays. In fact one 11-year-old Whyvillian who joined the FijiReef Ning noted in a comment “yea me
(sic) and my family are always soooooooo busy now in days.” A second factor that may have
impacted ConConn participation by Whyvillians is the fact that ConConn activities included a
significant amount of video production. While many youth have access to some type of digital camera,
this does not mean that they are allowed to use the camera, or have the ability to create a video about
an academic topic. For example, when a facilitator asked one Whyville member of the FijiReef Ning to
contribute a video, she replied, “I don’t think my mom would let me post videos and | would need her
help...so...” A third factor that may have deterred participation by Whyvillians was a perception that
the program was exclusive to the core teens in Chicago and Fiji and not open enough to the needs of
Whyville lurkers. As the program progressed and more content was contributed and discussed via the
FijiReef Ning, the content and comments morphed into a discussion of and by the core participants.
This may have made lurkers feel like outsiders instead of invited guests.

This lower than expected rate of participation from the Whyvillians had a negative effect on the
program learning and attitudinal goals, as we were not able to engage a large number of youth to
learn and participate in Fijian coral reef biology, ecology and conservation. Only a small number of
youth outside of the core teens were exposed to Fijian reefs and the global problems that they face.
We are unable to assess if this low-rate of Whyvillian participation had any effect on the core teens.
As stated above, we found that the core-teen received a rich experience from participation in the
program. We can only speculate that an increased participation from Whyville, and hence
disseminating to a broader audience, could have had an additional positive effect on the core teens.

Conclusion

From ConConn, we found that involving youth in ecosystem conservation is most successful when
virtual, digital and real-world activities are fused to allow youth in disparate locations to enter into
active, social, and meaningful relationships with each other, science mentors, and their environment.
However we must pay close attention to the types of virtual worlds and digital media used to engage
those youth. We should not assume that successful implementation of a virtual world in one program
is transferable to other programs with different goals and demographics. As recent data and opinions
suggest, digital participation rates may be decreasing and evolving and our future program designs
will consider these facts more carefully. Running a program that is both tailored for a core group of
teens and lurkers is a delicate balancing act, and one that requires more thought on the part of the
project team prior to re-implementing this program model.
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Abstract: A prototype alternate-reality game called Canaries in a Coalmine
presented players with an ominous message from the future, a modern-day battle
with overly sensationalized media, and a challenge to both solve the game’s mystery
and take environmental action in the present. Designed to engage a broad public in
citizen science using high quality scientific digital resources to build knowledge about
complex scientific issues facing our society, Canaries failed...or did it? Fewer than
expected players interacted with the game, prompting the designers to close the
game without it being played through to completion. The designers and researchers
share lessons from this experience that can inform the education and gaming
communities.

Introduction

The Educational Gaming Environments group (EdGE) at TERC designs free-choice games that
engage the public in scientific inquiry. The participatory framework that we use builds upon the
growing understanding that the Internet and social gaming are revolutionizing the way educators think
about learning (Collins & Halverson, 2009; Falk & Dierking, 2010). To investigate how digital scientific
resources can be infused into social games, we created and studied a prototype Web and Flash-
based alternate-reality game (ARG) called Canaries in a Coalmine. In this paper, we present the
lessons learned in the less than successful implementation of the game. Some of the difficulties may
stem from the challenge of embedding citizen science into any form of game and others may come
from the designers’ assumption that a social community could form more easily than it did.

The Vision for Canaries in a Coalmine

The goal of Canaries was to introduce and engage the public in citizen science, using high-quality
scientific digital resources to support players in understanding complex scientific issues facing our
society. This work builds on literature that shows that 1) games can be richly complex and engaging
learning environments (Gee, 2003; Barab et al., 2007) and 2) successful game play can foster
collaborative problem-solving (Steinkuehler & Chmiel, 2006), systemic thinking (Squire, 2003), and
can increase players’ collaboration and civic activity in real life (Barab et al., 2005; Ito et al., 2008;
Lenhart et al., 2008).

We chose an alternate reality format for the game in the spirit of games like World Without Oil. We felt
that an alternate reality approach would engage players’ imaginations and interest by allowing for a
storyline driven by the players’ actions. This also provided the designers with great flexibility for
crafting the story around science content that could be woven into challenges. World Without Oil
engaged over 1,800 people to live out a fictional oil crisis online for a month (McGonigal, 2011). We
were attracted to the game’s method of combining an online fictional narrative with real-world activity
and documentation. While we were designing Canaries, McGonigal’'s team released another game,
Evoke, which reinforced some of our design considerations. Evoke was more “text-heavy” in nature
and it was felt that Canaries should strive for a more graphic and activity-based style of delivery and
narrative.

As conceived, Canaries was to engage players in real-world activities in their own neighborhoods.
These activities would include observing birds in their habitats, considering threats to birds in the
context of local and global ecosystems, and taking environmental actions when warranted. The
activities would be driven by an unfolding storyline about a mysterious message from the future that
birds are key environmental indicators that had been ignored in the past and a journalist's vicious
battle with a tabloid newspaper that ensued over the validity of the message:

Jade Moneitree, a former journalist and recent recipient of a large cash settlement from a

legal dispute with the Daily Rap tabloid, has created a foundation to re-instate evidence-
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based reasoning in a population gone wild with sensationalized media and has invited
volunteers to join her. Their first task: to work together to solve the mystery of an ominous
video message and clear the reputation of Frank Martine, a scientist and friend of Jade’s
who is being besmirched by the tabloid. Within the message is the idea that “birds are the
key,” which is meant to justify the challenges presented in the game to learn about birds
and their role in Earth’s future survival.

Presented with the beginning elements of the story and invited to “heed the call,” players would join
the foundation and be given an office with tools and resources related to birds. The office (Figure 1)
included communication tools and a series of challenges that ask the community to unpack a bunch
of tabloid stories, provide evidence for what is science versus pseudo-science, and otherwise tackle
the mystery and the science of what was happening. To do this, they are encouraged to become
involved in associated real-world activities and return to the game to document their activities and
findings.

Figure 1: The office in the first launch version of Canaries

The Design

When designing Canaries in a Coalmine, our team had to find a balance between a storyline nimble
enough to be adjusted based on community input, and real-world science resources and activities
well-integrated enough to support deep understanding of stewardship of the natural environment.
Since this research project was funded to target how to distribute digital scientific resources through
games, the designers focused on creating challenges that would encourage players to share
resources such as bird-call libraries, citizen science resources, and activist sites. A rating system
allowed players to acknowledge the value of resources other players posted and resources were
listed in order of highest rating. These features were put in place with the intent to create a community
of scientific inquiry among the players, incorporating their real-world activity and fictional online
narrative.

A set of casual mini-games (Figure 2) introduced methods to identify birds through images,
silhouettes, and calls. To encourage players to return, new mini-games were revealed daily. Although
players could guess in the mini-games, the point structure rewarded getting it right on the first try and
therefore, finding and using Web-based resources. Players were also given a life list tool for
documenting personal bird observations, which overlaid their sightings onto a Google map.
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Figure 2: Two sample mini-games

Players were awarded badges for completing challenges (Figure 3) and other activities in each of
three categories: awareness, knowledge, and stewardship. Players were expected to post information
and data from their responses to the challenges and their contributions would be rated by other
players voting with a “thumbs-up” or “thumbs-down”—earning them more points for higher ratings. In
addition to being a form of peer-reviewed resources, the voting structure allowed players to become
recognized as leaders in the community.

Figure 3: Two sample challenges

Launch
Canaries in a Coalmine was first available to the general public (ages 15+) for eight weeks starting in
August 2011. Then it was taken down, redesigned, and re-launched.

Initial Launch

For the initial launch, at least one team member monitored the game most hours from 8 am to 8 pm
EST. During these hours, about 10 people arrived each hour. We used a commercial monitoring tool
to help us track visitors, which enabled us to identify when players entered the site and whether they
registered. Once players registered, our game-tracking software identified when they played mini-
games, did challenges, and posted to forums. In addition, an embedded chat feature let team
members who were playing roles within the game talk with players.

Canaries failed at gaining an initial audience. The home page had 2,000-3,000 visits, which
translated into about 75 new registrants. Fewer people participated than we had hoped, and of those
who came, few went beyond the registration page. Approximately 20 people posted game activities
and only 10 players engaged in chat sessions.

Second Launch

Towards the end of the first month, fewer new players started the game and players that had been
engaged began to drift away. We decided that the game needed to be revised to have any chance of
garnering a community. We suspended the game while the designers regrouped to identify changes
that might increase registration and engagement. Operating under tight time and financial constraints,
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we knew our options were limited and changes had to be tactical. The primary focus of the revisions
was to create a more engaging introduction and facilitate more interactions among the players.

New introduction. The designers saw that too little information was provided at each step
about why a player might want to continue. We created a more in-depth, dynamic introduction to
explain the story (Figure 4) and moved the registration page to the first point at which a player tried to
enter data. We also implemented an entry point to let potential players try the mini-games and poke
around the site before being asked to commit to registration.

Figure 4: Expanded introduction

Office Reorganization. The designers reorganized the “office” dashboard to highlight
communication and collaboration (Figure 5). We made chat and activity log windows open upon
entering the game, allowing players to immediately see one another. When players closed the chat
window, an icon showed when others entered the chat. Players could now be in any part of the game
without missing an opportunity to connect with others. Player profiles were enhanced so that players
could learn more about the current activities of others in the game. Finally, to provide a clearer path
for players toward the activities that would increase community, we reorganized the challenges into
themes and created mouse-over tool tips that showed players what each office element did.

Figure 5: Revised office with news window open

Recruitment approach and issues

Canaries’ primary barrier to success was in being unable to recruit and establish a community. The
reliance on that community so early in the gameplay meant that nothing meaningful could happen
without a critical mass.

Our recruitment was substantial, given our budget, but still insufficient. About $10,000 (about 10% of

the overall development budget for the game) was allotted for advertising and recruitment. In the end,
only about half was spent because much of the paid advertising was not generating sufficient traffic.
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Our efforts included advertisements, press releases, and secret game clues that were distributed in a
variety of ways to gaming enthusiasts, informal science centers, citizen science groups, naturalists,
educators, and others. For both game releases, we advertised. For the first release, we advertised on
Mochimedia and Facebook, and posted a press release on gamedev.net that was forwarded to game
development blogs and email lists.

Our outreach team searched for blogs and email lists of potential players, and posted to many of
them, but some were private and discouraged posts. The advertising brought players, but not
necessarily interested players.

We distributed fifty flash drives with the URL, a game clue embedded in a birdcall, and sound analysis
software to help find the clue. The URL led to a fictitious hacker page that had information about Jade
Moneitree’s organization, which was intended to offer other clues to help drive the game in a more
subversive manner. There was no evidence that any of the flash drives resulted in players entering
the game.

For the second release, we e-mailed the 100 or so previously registered players, putting a sample
mini-game on Mochimedia, posting press releases, blog posts, and on relevant web sites, and
recruiting by large email lists for science educators, birders, and gamers. We did not re-instate paid
advertising.

Even with the enhanced second release, a sustainable community did not form. Players came and
individually interacted, but players were rarely there simultaneously. In addition, there was still not
enough back and forth between participants to create a community of inquiry. Although we did have a
small group of interacting players who wanted Canaries to continue, the limited audience did not merit
the time it would take for us to facilitate the game and create new materials. With regret, but knowing
we were making the right decision, we closed Canaries.

Lessons Learned

With hindsight, we still think many of our game elements are strong (which makes the failure to catch
on all the more disappointing). The scientific resources were high quality and well integrated into the
game. The mini-games and challenges were fun. The storyline was engaging. Visually the game was
appealing. Regardless, an ARG is not much of a game without players.

The game itself was not without problems, however. Because of budget limitations, we focused
development efforts on tools for embedding and rating scientific resources in the game environment.
This meant that other elements of the game were possibly insufficient to have wide, long-lasting
appeal. Some tools were simplified more than ideal, such as the life list tool. Others were cost-
prohibitive to build, such as an integrated discussion and activity feed where people could work
cooperatively toward consensus. Instead we relied only on a third-party forum infrastructure for
consensus building. Finally, we lacked the resources to polish the design or do as much quality-
assurance testing as we would like.

Sigh, have a bigger budget

One interpretation of our experience is that one needs a bigger marketing budget to get the word out.
We have received additional funding for our next round of development and have a larger budget,
which will allow us to do a bigger blitz the next time. In particular, we will work with members of our
target audience to test and better hone components and to foment buzz in the process as well as
build on the marketing outlets we identified for Canaries.

But we also learned another lesson that is potentially more important than increasing the budget.

Promote our work as a part of practice

Through Canaries, we really learned that part of the regular work process has to be promoting our
work. We need to have an online presence representing our work and we need to connect with other
gaming researchers, educators, designers, and players. Then when we want to get beta-testers or
announce the release of the next game, we can tap into a larger, built-in audience that is familiar with
our work, and we will know how to target our marketing resources more effectively.
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Our efforts are multifold. We are redesigning our web site to be more appealing and easier to update.
We are using social media tools that allow our outreach, design, and research teams to coordinate
postings to our blog, Twitter, and Facebook. We previously read and discussed articles and played
and discussed games internally, but now are beginning to post the results of these discussions
publically. We also are paying more attention to what others are saying on social media. We are
working with teachers to make them aware of our work. Moreover, we are going to more conferences
and trying to meet more people.

Know your audience and reach out to them

We learned the value of teasers and pre-registration samples to entice players before asking them to
register. This may mean that researchers lose a bit of early data, but in the end, they may keep more
players. Developing an ARG like Canaries is a time- and cost-intensive endeavor, and sacrifices
along the way due to constraints of either are magnified and hard to recover. As such, EAGE has
changed tactics somewhat in reaction to Canaries in that we are building a set of smaller, mobile
games that we can do less expensively, more nimbly, and market to a wider audience.

Emphasize social presence in the game

Our previous experience with social presence among players that occurs in a massively multiplayer
online environment (MMO) did not translate immediately to a non-avatar environment. Our previous
science inquiry game in an MMO used a similar mystery narrative and facilitation style (Asbell-Clarke
et al., 2011; Asbell-Clarke & Sylvan 2012). This game was an activity within an existing environment,
so the community came to the game rather than the game having to recruit a community. This may
have been more important to the growth of the community than we realized previously. Canaries,
which did not have avatars, showed less interactivity among players and players did not come to
synchronous events, despite posted notices.

For both the designers and the players, creating a social presence or community—even among the
small number of players—was difficult. We may have assumed too much of the avatar-based social
presence that occurred in our previous MMO work (Asbell-Clarke et al., 2011) would carry over to the
Flash-based web game, and they are just not comparable. In Canaries, people completed the
challenges and posted comments, but our initial design did not support players responding to one
another’s activities. They could enter the chat room to talk with our team members’ characters, but if
we were not sitting in chat at that split second, players would leave immediately. Before the revisions,
members had to rely on seeing players’ avatars in chat to 1) know that others were in the game at the
same time and 2) provide an impetus to start a conversation. We assumed that the chat and forums
would be vehicles for communication and inquiry among players, but that was not the case, even with
the modifications to the game.

The narrative grows with the community

The narrative was designed to be flexible enough to grow and reflect the community's input. Some
players were quite engaged, which supported the designed narrative arc. However, keeping these
players engaged, pushing the narrative forward, and growing the community all at the same time was
difficult.

A better strategy may have been to create short narrative elements that were less dependent on
community input, allowing us to reach a critical mass that could engage in a more complex and fluid
storyline. Having these simpler elements may not have led to a larger community, but perhaps the
community would have grown fast enough to push the game forward and to complete the game.

Doing it differently next time

Some of the most enthusiastic players were teachers who saw the potential for Canaries in a more
structured setting (such as a class project or in an after school program). We are currently using
Canaries in a few small, informal settings such as local science festivals, where our designers are
soliciting ideas from educators and the public about how they might engage with the Canaries
environment. We have also attended science teacher conferences and other events and have been
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connecting with teachers both locally and nationally to relaunch Canaries as an in-class experience.
Teachers as facilitators will help drive the game, especially as much of the game’s elements are
aligned to meet science standards, but are delivered in a format that will interest students tired of
more traditional methods of learning.

We are re-thinking how to approach social interactions in games. We realize that the social element,
while essential to the scientific inquiry, may not be the best place to start in a game. Perhaps it is
better to start with rich activities and then build social elements around them. We are doing this to
establish some visibility as game designers before trying to recruit a community from scratch for an
inquiry game again. The alternate reality genre is not often listed as one of the categories used on
game publicity sites (e.g., Mochimedia). We are developing our new games to fit into one of the
common categories such as action or puzzle, at least until we have a public following.

It could be that gamers who might be attracted to an alternate reality game format are not so
interested in citizen science and birds. We will not know that until we figure out how to find the proper
recruitment methods for a game like Canaries.

Conclusions

Canatries in a Coalmine was intended to engage public gaming audiences in an alternate reality game
that enticed them to participate in citizen science in their own backyard. Because of budget
constraints, we had to make difficult design choices and limit our advertising. These limitations along
with inadequate social presence and narrative elements reduced the game’s appeal and, thus, the
player community.

We learned some important lessons along the way. Small groups like ours may benefit from building
their audience throughout the design and development process, regardless of how pressing deadlines
feel. The ease with which particularly gaming environments support social presence is an important
consideration, particularly for alternative reality games. Growing the community takes time and effort
and players need to be kept engaged while the community grows. One way to do this is to create
many short and flexible narrative elements can be used flexibly.

Going forward, our next games are being designed and developed with these lessons in mind. And
Canaries, while resting, is returning as a classroom activity supported by teachers.
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Abstract: Vampire: The Eternal Struggle (VTES) is a multiplayer Collectible Card
Game (CCG). Being one of the first CCGs released in the mid-1990s, VTES has
survived going out of print twice. An active community still plays and supports the
game. This paper examines the history, the community, and the factors that may
have kept the game strong over eighteen years. The paper also aims to capture
players’ reactions to the game going out of print and publisher stopping support for
the second time. Quantitative and qualitative data was collected from multiple
resources: online survey, interviews, and observations. Preliminary analysis revealed
that the community involvement is multilayered and encouraged by the game
mechanics. While complex multiplayer game mechanics require interaction among
players and foster community creation, it also intimidates new players joining the
community. After examining the preliminary results, we will briefly discuss
implications for community building.

Introduction

Rapid development of information communication technologies has increased interest to study online
gaming communities. While communities emerging around digital games, especially Massively
Multiplayer Online Games (MMOs) have been of interest to many scholars (Koivisto, 2007; Taylor,
2006), fewer researchers have attempted to examine communities of non-digital games. We are
interested in investigating the communities that form around Trading, or Collectible Card Games
(CCQG). In particular, we will be looking at a multiplayer CCG, Vampire: The Eternal Struggle (VTES),
which requires more than two players.

CCGs are card games for two or more players. Their distinguishing features are the aspect of
collection, where a player will acquire cards for their collection, and player design, as the player
chooses which cards from their collection they will use to make a particular deck to play with. This fact
that each player plays from a different set of cards is part of what sets them apart from other games.
Although CCG cards are premade, players design their own decks from the cards they own by
choosing which of the cards they will use for a particular game. This, in turn, can imbue a sense of
ownership to the card deck and the game.

We are not going to explain in detail the history of CCGs or what they are. For more explanation on
the background of CCGs, please see a previous paper (Adinolf & Turkay, 2011). That paper
investigated motivational aspects of CCGs with a close examination of VTES. In that paper, authors
identified three aspects of CCGs that attract and engage players: collection of cards of varying rarity,
creating decks from the cards players have collected, and engaging in community activities with other
people who also play the game. Among the three, the community aspect of VTES seems to be the
most fun and motivating for players. More than 75% of players in the study had indicated that they like
the community aspect of the game to a moderate to large extent (Turkay, Adinolf, & Tirthali, 2012). In
their empirical study with World of Warcraft, Mysirlaki & Paraskeva (2010) had found a similar
relationship between communities and motivation to play the game. They concluded that the
development of communities in a game may increase intrinsic motivation to players and enhance their
performance in the game.

The relationship between multiplayer games and the communities they spawn is firmly a two way
street. A multiplayer game that fails to create a solid community of players will likely fail itself. This is
truer for non-digital games, as players need to meet face to face to play. Unlike online games, which
can match players from disparate areas, non-digital game players will have a hard time finding other
people to play with, if no community forms around a game. In the case of CCGs, the game publishers
usually foster this community, as their business model is based around a returning player base,
buying expansion packs.
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What happens, then, when a CCG goes out of print? In many cases, the community fades quickly.
After all, without outside organization, and without the motivation provided by new, exciting cards,
entropy will take over, and the community, as well as interest in the game, will dissolve. We will take a
particular CCG community, the VTES community, as a special example while mentioning other CCGs
in comparison. This line of research with CCGs is driven by their potential as the point of interest
which brings people together, and the role of player involvement in games’ life cycles. Therefore, our
research questions are:
* What aspects of VTES have led players to actively try to keep a game alive after it is
no longer in publication?
*  What are the different levels of community involvement in the survival of VTES?
e What are players’ reactions to discontinuation of production and support from the
game company?

Background
The majority of existing studies on CCGs examine the social aspects of these games (e.g., Lenarcic,
J & Mackay-Scollay, 2005), but does not look in depth at their power of community creation. This may
be true because of several factors. CCG communities may not fit into either of the most commonly
researched categories: location based communities and online communities. The communities that
evolve around CCGs are a sort of hybrid, consisting of a large number of small, location based
communities of interest, spread across the world. Each local playgroup might seem quite small, but
via online forums, Facebook groups, and larger events where players come from around the world,
the aggregate is a far larger community structure. This makes it difficult to fit into one category. In a
similar vein, Kinkade & Katovich (2009)’s ethnographic study describes existence of Magic the
Gathering (MTG) community in local Texas and makes a note that websites, such as forums, are the
places where MTG players foster the sense of community. Below is their description of MTG players
connecting online and offline (Kinkade & Katovich, 2009, p.22):
As people become connected more ethereally to each other, and as their sense of community
becomes less linked to conventional time and space anchors, becoming a regular seems
more detached from the markers that other ethnographers, in established places open at
discrete times, observed. The idea of anonymous regularity, more applicable it would seem to
web sites, becomes more apparent in face-to-face encounters such as MTG. What we
observed in MTG seems as an extension of a transition observed in web sites in which
commonly accepted definitions of time and space give way to more ethereal versions as new
communities form.

Acknowledging the methodological and practical difficulties of studying communities that exist both
online and offline, in this study we will aim to investigate the VTES community that has supported the
game over 17 years, even when the game company stopped publishing and supporting the game,
and characteristics of VTES that create and nourish the existence of this community. The following
section is a description of VTES and its design characteristics that distinguish it from other CCGs.

What is Vampire the Eternal Struggle (VTES)?

In 1994, following on the heels of his massively successful Magic: The Gathering (MTG), Richard
Garfield revealed VTES, originally titled Jyhad to the World (Extrala). Having learned from watching
people playing MTG, Garfield designed VTES to be a more socially dynamic game (vtesinla.org). In a
nutshell, VTES is a multiplayer game, with every player acting for themselves. Unlike many
multiplayer games though, each player only has one player who they directly want to attack—their
prey. Likewise, there is only one person who directly benefits if a player is ousted from the game, that
player’s predator. This predator-prey system creates the opportunity for temporary alliances among
players who are not yet in direct conflict. They may agree to act in accord out of mutual self-interest.
Thus, unlike two player, or multi-player free for all games, VTES has a built in structure encouraging
discussion and deal making. While the players may be enemies during play, they may be friends,
mentors, or collaborators in the broader context of the play community.

In 1998, after 2 years of no new publications, the publisher, Wizards of the Coast, announced that
they would be halting production of VTES. The game remained out of print for 2 years, until 2000,
when White Wolf picked up the game. Right out of the gate, the returning expansion, Sabbat War,
sold out. For the next 10 years, the game continued publication until September 2010, when White
Wolf announced they would cease printing and supporting the game once again. As of January 2012,
the game company does not own any VTES cards.
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In order to keep the game fresh, the two successive companies that owned the game published 20
expansions over thirteen years. These expansions had varying numbers of new cards and new rules.
As these expansions were released, VTES followed a different design and play strategy than MTG.
Namely, the designers of VTES went to great lengths to ensure that as many cards as possible
remained playable. Indeed, there are, at the time of this writing, only 11 cards ever banned from
tournament play. MTG, on the other hand, has a far larger banned list, and indeed the most popular
format, known as “Type 27, allows only the 2 most recent blocks of expansions. These philosophies
each aim for the same thing: to allow players to be as equal as possible in a tournament setting, even
if they haven’t been collecting cards for very long. Vampire does it by trying to keep the power level
even over time, while MTG does it by essentially completely resetting every two sets. As a player, the
first author finds the MTG strategy to be unappealing and overly commercial, but perhaps that partly
explains its far greater financial success.

In summary, distinguishing aspects that might be supporting community of VTES are its multiplayer
aspect, complex gameplay and relatively inexpensive card collection.

Communities and Games

When we talk about emergent communities in games, we are mainly referring to choice based
communities or communities of interest, centered on playing a particular game, rather than location
based communities. Community members meet, either physically or virtually, to play, discuss and
socialize. There may be several layers of such communities, with varying degrees of connectivity.

Communities in online games, such as MMOs, almost always form thanks to their built-in easily
accessible communication channels and thanks to the gameplay itself (Koivisto, 2007). Game
mechanics and the game world can support and mediate the community. These communities are also
supported outside of the game through forums, fan fictions, and/or gaming conventions.

Although they may not be as large as online game communities, communities that form around a
single card game can also be very strong (Yu, 2007). Every participant contributes to the community
at some level. For example, in the case of VTES, a player might be involved with their local play
group, but that group might be a part of the larger regional, national, or international VTES culture.
Participation in the community might be as little as coming out occasionally to play a game or as
involved as participating in in-depth discussions of rules and strategies both online and offline,
traveling long distances to participate in major tournaments, and even designing cards for
expansions.

These gaming groups “create cultural systems” (Fine, 1983, p.2). Through player interaction and
participation, these shared cultures can become extensive and meaningful for player groups (Fine,
1983). Kinkade & Katovich (2009) state that becoming a participant in the community and contributing
to the dynamics of the game are more important for MTG players than the competitive game-play
itself. At many occasions, player communities decide whether they will let a game die or make it
survive, especially after the game company no longer supports the game.

Although many games have been discontinued, there is a lack of literature about what happens to the
game and the game community after the publisher stops supporting a game. A few studies have
examined the closure and after closure of MMOs (e.g., Papargyris & Polumenaku, 2009; Peace,
2009; Consalvo & Begy, 2011). However in the case of CCGs, the literature is close to nonexistent.

There are differences between what happens when an online game shuts down and when a CCG is
no longer supported by the game company. Players of online games may be able to keep the game
alive through creating fan fiction and memorial websites for their game (Consalvo and Begy, 2011;
Pearce, 2009). For example, Consalvo and Begy (2011) describe how Faunasphere players created a
Facebook group and an online forum to share their experiences from the game through fan fictions
and stories after it shut down. Papargyris & Polumenaku (2009)’s study documented player attempts
to negotiate with game creators and community’s move to another game after Earth & Beyond shut
down. While the shutdown of an online game may mean that players lose their game, this is not the
case for CCGs. Although there may not be any more new cards published by the game company, the
player community can continue to use existing cards, and may design new cards and modify the
game rules.
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As documented, fans contribute significantly to CCG’s existence similar to online gaming
communities. Bisz (2009) talks about Middle Earth CCG (MECCG), a CCG based on J. R. R.
Tolkein’s Middle-Earth. Players make efforts of the to keep the game alive in any way they can, such
as creating game art and organizing tournaments, and participating in discussion forums after it went
out of print in 1999. He elaborates on how after the game was out of print, MECCG players chose to
change the game goal from winning to just experiencing the relaxed and fun game with friends.

Similarly, while VTES publisher, White Wolf, has stopped printing the game, and no longer supports it,
players have stepped up, for a second time, to support the game. VEKN, the player run organization
that organized tournaments during the first hiatus from 1996 to 2000, has stepped back into the role.
During the first period of inactivity of VTES, local playgroups sometimes designed their own cards for
use to keep the game interesting (see Figure 1 for an example). This time around, the international
community is already creating new cards for play and online publication. VEKN maintains current
rules for both casual and tournament games. They also adjudicate disputes over card rules and
interactions. As of today, VEKN has 1083 members registered on their site. Thus the community is
taking steps to ensure its survival on many fronts, which we will examine later in this paper.

After presenting our data collection methods, we will discuss what we found about player attitudes
about the community, closure of the game, and their plans about the future of the game.

Head Games

(@Remove 1 blood from a vampire or
do | damage 1o an alty £ [ Bleed with +2 bleed.
Dihs above and the acting vampire gains £ +| stealth action. Move
1 blocd i swccesshl 3 blood from the blood
When their eloguence escapes you, bank to a younger
Thewr logic bes you up and rapes you.” vampire in your
+'De do do do, De da da da” The Police uncontrolled region.

Figure 1: On the left is a custom made card. On the right is an original VTES card.

Participants and Design

We used online surveys, interviews, and observational data to develop an understanding of why and
how the VTES community keeps the game alive and how VTES players felt about the closure of the
game for the second time.

An online survey was used to collect quantitative and qualitative data through snowball sampling on
public and private VTES forums and players’ personal blogs. A total of 365 players ranging in age
from 18 to 59 (M = 32.17, SD = 6.4) filled out the survey. On average participants have been playing
VTES 9.82 years (SD = 4.95). 57.7 % of them were from European countries and 35.3% were from
North America (USA and Canada). Players from 39 countries filled out the survey. In addition to the
demographic data, we collected data on participants’ play habits (e.g. how do you construct decks?)
with five multiple-choice, three 7-point Likert scale and seven open ended questions. In addition, we
conducted semi-structured interviews with seven VTES players during a tournament in North East
United States. We asked six questions about their involvement in the VTES community and the role of
the community in their motivation to play the game (e.g. What do you enjoy about the VTES
community? How has your role changed since White Wolf announced that they will stop publishing
and supporting the game?). We also conducted analysis of the forum postings to understand player
reactions to the announcement right after the game company announced that they will cease
publishing and supporting the game. Data included 105 individual posts from 70 players in two VTES
forums. Data was analyzed using the quantitative data analysis software SPSS 18.0 and qualitative
data analysis software Nvivo 9.0 by using inductive codes. The next section presents preliminary
findings on the research questions.
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Findings

Where is the VTES community?

Players come together to play VTES once or twice in a week either in a game shop or in one of the
player’s houses. They prefer local gaming shops because there is a built in community with mentors
and a competitive atmosphere. For example, New York players worry about nonexistence of a game
shop in Manhattan, NY, where they can both play and introduce the game to other players.

Another place where VTES players can meet is VTES online or JOL (jol.net). It is a text based
environment and requires players to type commands in order to play. We are not going to go in detail
about differences between the online and offline game, as it is a topic for another discussion. Similar
to the previous findings on online versions of CCGs (Bisz, 2009, Trammer, 2010), players do not find
online play as satisfying as face-to-face play. However, many use JOL to try out new ideas and
challenge themselves against interesting deck designs. Also, players use online forums or a
Facebook group to just stay in touch with other players.

What did players say about the VTES community?

In the online survey, 76% of participants stated that they are motivated to play VTES mostly because
of the community, and 14% of participants mentioned community as one of the main differences of
VTES from other CCGs they have played. The following is a representative quote from a Hungarian
player “First of all the players. We have a good community. Also this game forces you to think and it
has great and exciting game method and clear rules.” [SP*44] Similar to MTG players in Trammell’s
(2010) study, many VTES players also consider the game as a hobby and a reason to get together
with friends they like. Exchanging ideas is one of the functions of the community. This fosters
generation of interesting concepts for decks. One player stated that he liked that VTES players are
very open to give good ideas for his deck even if they may play against the deck in the tournament.

All the players we interviewed indicated that the VTES community is a major motivation for them to
play. One of the players mentioned the VTES community being similar to a club one belongs to and
enjoys the club activity: playing VTES. One player also admitted that the importance of the community
for him has increased over time for the last five years. Two of the interviewees emphasized the
common likings in other types of games among the VTES community members they have met. This
opens another opportunity to “hang out” with players they like. As an ltalian player states ‘I like the
game mechanics, but mostly what makes VTES a good game for me is the community and the
possibility of meeting interesting people to play with all around the world.” [SP79]

Players enjoy the VTES community for several reasons. Among those are friendliness and a common
interest in playing similar games other than VTES. Both in the survey and in the interviews, players
mentioned that in general, VTES players are very hospitable, mature, and gracious. It seems to be a
common practice to find other VTES players when travelling to other cities. They also like the sense
of common purpose or interest they share with people around the world.

When we asked whether game mechanics have any effect on the community building aspect of
VTES, all the interviewees answered yes. They mentioned the multiplayer aspect of VTES which
encourages and requires interacting with other players not only in a competitive but also, many times,
in a cooperative manner (cross table ally mechanic). Relatively long game sessions were also given
as an example of mechanics that allow people to talk during the game play. For example, a VTES
game session can go up to 2 hours, and tournaments can take up to 8 hours. In these sessions, the
amount of thinking, strategizing, making deals and trying to win while every other player is trying the
same, creates a unique social gameplay experience. Oftentimes, players carry metacognitive
discussions about their game play outside of the game. They discuss their achievements, mistakes
and possible changes that need to be made to their decks. These discussions take place face to face
as well as online. All of these may help players to get to know each other quicker and forge
friendships.

How did players react to the news of discontinuation of company support?

Players received the announcement of discontinuation on multiple online VTES forums on September
2010. In two of the popular VTES forums, players reacted to the announcement in various ways.
There were 105 forum posts from 70 players as a reply to the announcement. Over 25% of players
expressed their sadness, disappointment and somewhat frustration because there would be neither
new cards nor reprints produced by the company. Along with the sadness, many followed with thanks
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to certain people involved in keeping VTES running over ten years. A majority of postings, 76, showed
hope for the future of the game and determination to play VTES and organize local tournaments for
the game they love. They not only came up with ideas to keep the game alive but also showed
examples of CCGs that went out of print but still have active player communities, such as MECCG or
Star Trek CCG. Along with hope, players also admit that without new cards being published, it would
be difficult for the community to get larger as the new players have to depend on the old players.
Others, 13 players, showed indifference or resignation towards the news while 17 showed confusion
regarding the reasons of the game company’s decision to cease production, and some players felt
misguided with respect to the reasons. Many players commented on the closure with humor by using
cards or rules from VTES, as the theme has much to do vampires and death. Torpor is a term used in
VTES when a character becomes incapable of acting until rescued by spending resources. Following
is one player expressing his hope: “I really hope the game will continue, and maybe one day someone

will have the 2 points of blood needed to do the ‘rescue torpor action” [FP65]

Among the players we interviewed, discontinuation affected different players in different ways. While
some became more active, others did not change at all. For example, one of the participants started a
blog to document his creative ideas about deck building and keep the interest in VTES by inviting
other players to comment on his ideas, and to publicize the results of the local league he initiated to
encourage competitive gameplay.

What are the different levels of involvement of the VTES community?
There are various levels of player involvement in the community. Being an active player is the most
basic, and important one. Two of the interviewees described themselves as players who will play at
tournaments because they do not have enough people in their town to play the game regularly. So,
they travel to big events to meet with the community members and play the game.

Players produce a knowledge base through wikis and blogs about the game similar to players of
popular digital games. Many player blogs contribute to distributing knowledge about VTES, brainstorm
deck design ideas, and inform others about tournaments. There are many fan created instructional
videos and recordings of VTES games on YouTube as well as other forms of fan fiction such as rap
songs written by using the VTES card texts or videos of scripted plays with game characters.

Higher-level involvement in the community includes being a “prince” of a city, which usually requires
organizing tournaments and encouraging new players to join the game community. Furthermore,
some players take the role of a national coordinator and fan designed cards such as one of our
interviewees. He summarizes his role as “...| try to be a player as everybody else while at the same
time | am also currently national coordinator for US. So, | help with tournament coordination...| am a
liaison with the global players network... as far as | say people are generous and gracious, | try to do
the same. | invite people and glad to show them around the town when they visit. | am often a source
of wisdom of deck building strategies, people often come to me for that...since the CCP stopped the
game, | am the design team leader for the upcoming fan set.. my role has changed from perpetuating
the game through participation to perpetuating the game through content creation” [IP4]

Discussion and Conclusion

What aspects of a CCG will lead players to actively try to keep a game alive after it is no longer in
publication? Do games with better social mechanics promote a stronger sense of community and
camaraderie? Do strategically deep games do the same? We can’t answer these questions in a
general sense. Our data comes from only one CCG. Nor is it feasible for us to expand our study to the
breadth such a survey of the industry would require. After all, we would have to: identify multiple
games in both categories, both player supported and not; find players that currently play the former,
and, more difficult, those who had played the latter. This means that, to be statistically meaningful,
such a study would involve tracking down hundreds of players individually and then trying to
administer a questionnaire or interview.

At this time a study of such scope is beyond our means to conduct. What we tried to provide is a
snapshot of one community that has been established over 18 years of game’s life and echo players’
reactions to the closure of VTES. This paper presents initial findings from the data collected so far.

Many respondents admit the expectation of losing some players over time and difficulty of new
players’ involvement, but also think that the game will continue thanks to the large card pool, stable
mechanics, dedicated core community, offline or online. One of the main differences between online
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games that close and offline games that go out of print, is that online games disappear, while cards
still allow play to continue. As one of the interviewees emphasized “...just because CCP stopped
publishing the game, cards will not stop working”. Another similar comment from a forum poster read:
“The game's not dead. CCP tactical teams are not going to abseil through your window just because
you haven't burned your cards.” [FP96] Similar to many in VTES community, we also hope that.

While the publisher ceases to make money after a CCG goes out of print, designers, especially of
educational games would be happy to see their games in circulation and play for as long as possible.
Therefore, we believe that observing the lifecycle of games that go out of print can inform educational
game designers. Incorporating elements from games like VTES, which have developed loyal
communities for years might help increase the impact of a serious game, by increasing its longevity,
and the intensity of the community that develops around it.

Endnotes
(1) *SP = Survey Participant; IP = Interview Participant; FP = Forum Participant
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Establishing a New Framework to Measure Challenge, Control and
Goals in Different Game Genres
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Abstract: For over 40 years, researchers investigated utilizing video games for education.
Some of that research focused on the type of pedagogical content to embed in a game and
how to integrate it, while others emphasized how to preserve the inherent intrinsic motivation in
games. One of the many factors that could affect motivation and learning in video games is the
different intrapersonal elements and attributes of games. In order to test those attributes’ effect
on motivation and learning we need to be able to define them and clearly establish a method
for measuring them. The object of this study is to establish a framework for measuring three of
these attributes, Challenge, Control and Goals, based on user perception. This framework is
an initial step to establish a clear metric for measuring those attributes in five different game
genres: First-Person Shooter, Racing, RPG, Arcade and Sports.

Introduction

Understanding video game design and analysis is tough, because of the distinct features of each genre
(and each game for that matter). That distinctiveness makes it difficult to assess a standard for game
design and evaluation that would apply to all games. A design and analysis strategy that might apply to an
RPG game might not apply to a Racing game, and in some cases might not apply to another RPG game.
In this study, we used the game player's perception of the game’s features and attributes as a
measurement to assess and analyze a game.

We started by breaking down intrapersonal game features and attributes into six separate classes based
on previous research. We then selected a subset of those classes (Challenge, Control and Goals) and
described how each class is present in video games. We generated a set of questions based on those
descriptions to define our first survey. The first survey aimed at determining user experience in a generic
game and not any particular genre. We used the results from that survey to establish our generic game
metric for those classes.

We then used that metric and created a mapping for each of those descriptions to five commonly used
game genres: First-Person Shooter, Racing, RPG, Arcade and Sports genres. That mapping provided us
with the list of questions for our second survey. Similar to the first survey, the second survey asks about
user experience but specific to each genre. We analyzed and assessed the results of the second survey to
create our CCG Framework, which provides a metric for Challenge, Control and Goals in different game
genres based on user perception.

In our conclusion and future works section, we discuss our upcoming studies and their relation to this
research. We also recommend a few directions for future studies. For this study we used the terms game
and video games interchangeably. We also refer to game attributes (defined in the next section) as
attributes, features, elements, dimensions, categories or characteristics.

Game Attributes

Breaking down the game into its primary attributes is essential to analyzing the game design and
experience. With respect to motivation, Malone (1980) identified three primary features: Challenge,
Curiosity and Fantasy. He branched out each feature into many sub-attributes but maintained that those
three are the main categories of attributes. Malone later expanded on his classification in Malone & Lepper
(1987) to two categories: Intrapersonal (Challenge, Curiosity, Control and Fantasy) and Interpersonal
(Competition, Cooperation and Recognition). Gredler (1996) considered the Task, User, Goals and Control
as the essential elements to a game. Alternatively, de Felix and Johnston (1993) divided the game
structurally into Visuals, Interactions, Rules, and Goals. Malone & Lepper’s (1987) intrapersonal category is
later expanded and defined into six different Game Dimensions in Garris et. al. (2002). Garris defined the
game dimensions as follows:

* Fantasy: Context, themes or characters.
* Rules/Goals: Rules, goals and feedback.
* Sensory Stimuli: Visual or auditory.

* Challenge: Level of difficulty.

¢ Mystery: Information complexity.

e Control: Player’s control.
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While other studies exist and provide their own definitions, the Garris classification of the game attributes
seemed to be the most comprehensive when it comes to expanding on previous work and providing a
sound break-down of the different game features. In this study we relied on the Garris definition to provide
us with a direction in obtaining our own definitions of the different game attributes.

Analyzing the Fantasy, Sensory Stimuli or Mystery elements of a game proved difficult to map into simple
survey questions and since there was no existing work done on providing a metric for those dimensions,
we decided to select the remaining three attributes only (shown in table 1). Selecting only Challenge,
Control, and Goals does not imply that Fantasy, Sensory Stimuli, and Mystery are not significant or
relevant; rather, they proved to be too large for the scope of this study. In fact, we highly recommend future
work to tackle those attributes and provide an extension to the CCG Framework.

Attribute Description

Challenge The difficulty level of the game, ranging from too easy to too
difficult.

Control Answers the question, how much control does a player

perceives, that they have over the game? Do they have
many options for which direction to head or which objective
to complete or are they bound to a few?

Goals Defined by short and long term objectives. Ranging from
immediate (jumping a pond, defeating an immediate threat,
etc) to longer-term objectives (finishing a chapter, unlocking
a weapon, efc).

Table 1: Intrapersonal Game Attributes

Challenge

Challenge is simply defined as the difficulty level of a game. If the game is too difficult, then the players will
be frustrated with the game-play which brings down their enjoyment level. If the game is too easy then the
players will be bored with their experience, again bringing down the enjoyment level. Grey et. al. (2011)
argued that “challenge must be balanced and re-balanced perfectly in order to achieve and maintain flow
and the motivation it provides.”

That “flow” is often difficult to achieve. Piselli et. al. (2006) argued that his results show that players should
only win by a small margin and when that margin becomes larger, their in-game enjoyment levels
decrease. Of course setting up a game that is not too difficult and not too easy might not be as simple as it
sounds because that depends largely on the player's game experience, abilities and frequency of playing
this particular game.

For this study, we considered the difficulty of a game to be directly proportional to the number of attempts
the user makes to finish a task in the game. (“Task” is used here to describe a subset of the game: a level,
a fight, a race, a match, or any significant objective.) We deemed a game difficult if users fail to complete
the tasks in that game repeatedly and feel frustrated. In contrast, we deemed a game easy if the tasks in a
game are finished easily without requiring repeated attempts.

Control

Control has many interpretations. Malone & Lepper (1987) argued Control is synonymous with self-
determination and cited DeCharms (1968) that it is “a basic human tendency to seek to control one’s
environment” and control your “actions and choices.” They also argued that it is “the perception of control,
rather than the objective level of actual control, that is the important psychological variable of interest.”
Garris et. al. (2002) defined Control as “the ability to regulate, direct or command something” and he
argued that when players are allowed to choose between strategies and directions and make their own
decision that will directly affect the outcome of the game it gives them a sense of “personal control.”

For this study we defined control as the choice between directions and objectives presented to the user at

any given time. Increased control implies a greater number of choices of directions that could change the
flow of the game and of the ordering or prioritizing of objectives to be accomplished in the game.
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Goals

We considered Goals in games as the set of objectives required by the game for the user to finish a task.
Goals are a bit problematic to clearly distinguish because of overlap with other attributes, primarily Control,
Mystery, and Challenge. Garris et al. (2002) argued that “clear and specific goals” lead to “greater attention
and motivation.” For this study we distinguished short-term goals and long-term goals. Short-term goals
refer to the more immediate objectives or as in Malone & Lepper’s (1987) terminology, “proximal goals.”

Short-term goals can be distinguished from Control objectives because they are usually user-defined
where Control objectives are often explicitly stated and provide an option to the user to choose from a list.
An example of a short-term goal in a First-Person Shooter game is “overpower the sleeping guard and do it
quietly so | don'’t alert any other guards and have them raise the alarm.” Examples of Control Objectives in
First-Person Shooter are “kill the guards,” “don’t get caught,” and “detonate an explosive.”

Long-term goals are usually defined on a different scale. They are widely considered as the ultimate
objectives of a task. In a First-Person Shooter genre, a long-term goal could be to finish the level, while in
an RPG genre the long-term goal could be killing the boss. In this study we considered long-term goals to
be the union or result of all the short-term goals and Control Objectives.

First Survey: Providing a Metric for a Generic Game

Using the definitions for the game attributes we listed in the previous section, we formulated a survey
questionnaire to determine user perception of those attributes for a generic game. The survey questions
(shown in Table 2) were intended to distinguish user experience in good games versus bad games and
identify how each experience is translated in terms of Challenge, Control and Goals. It is important to note
that terms like “hard,” “easy,” “good” and “fair” were defined to the participants as their perception of the
game. The results here are not intended to be viewed universally, rather they only reflect the perception of

respondents.

We also asked the participants some demographic questions to give us data on their age, gender,
education, game-play frequency and overall experience. For this study, we only considered results from
players who play video games three or more hours a week to ensure integrity of the data. Players who do
not play video games often will have different scales of optimal Challenge, Control and Goals and might
lack accuracy of perception if it has been a while since they last played video games. The survey invitation

was sent to six mailing lists for video game  academics or  enthusiasts.
Number Type Question Options
1 Challenge In a "hard" game, how many tries does it take to finish an (1-15+)

average level? We understand some levels are harder
than others, that is why we want your average.

2 Challenge In a "easy" game, how many tries does it take to finish an (1-15+)
average level? We understand some levels are harder
than others, that is why we want your average.

3 Challenge In an optimal game, how many tries does it take to finish (1-15+)
an average level? We understand some levels are harder
than others, that is why we want your average.

4 Control In an optimal game, what is the ideal number of directions (1-15+)
you should be able to choose from at any given time?
Choosing a certain direction means changing the flow of
the game, like going down the flowerpot tunnel in Super
Mario or choosing one path over another in Zelda.

5 Control In an optimal game, what is the ideal number of objectives (0-15+)
you should be able to choose from at any given time?
Objectives are the list of tasks you need to achieve in
order to complete a level or the game like retrieving an
item, killing an enemy, winning a race, etc.

6 Goal In an optimal game, how many short-term goals you (0-15+)
should have at any given time? (like jumping a pond or
killing an immediate enemy)?

7 Goal In an optimal game, how many long-term goals you should (0-15+)
have at any given time? (Like finishing a chapter or
unlocking a much sought after weapon)?

Table 2: First Survey Questions
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Results

We published the survey for one week and during that week and we received 87 responses. While there
were a number of outliers in our result set, the data was very informative.

Out of the 87 respondents, 94% of survey takers said they play video games three or more hours a week
and 100% of them said they have played video games for five or more years. 68% of our survey takers had
at least a Bachelor’s degree while 100% have finished high school. 72% of the respondents were male and
87% of them were between the ages of 18 and 40. Here are some of our findings:

* Challenge: 86.2% of respondents felt that an optimally challenging game should take a player 2-5
attempts to finish a level of a generic game.

* Control (Directions): 82.8% of respondents felt that an optimal game allows the user to choose
between 2-5 directions at any given time.

* Control (Objectives): 74.7% of respondents felt that an optimal game allows the user to choose
between 3-5 objectives at any given time.

* Goals (Short-Term): 63.2% of respondents felt that an optimal game provides its users with 2-6 short-
term goals at any given time.

* Goals (Long-Term): 49.4% of respondents felt that an optimal game provides its users with 2-6 long-
term goals at any given time.

It is clear that the data is less informative with regards to the Goals attribute but still favors the observations
above. It is also important to note that 17.2% of users felt that a good game provides 15 or more long-term
goals at any given time. That discrepancy could be attributed to the varying opinions on game experiences.

Based on the result set, we created an initial CCG Framework that is applicable to a generic game but not
specific to any genre (shown in Table 3). Since there was no overwhelming value for any of the attributes
based on user perception, we chose a 3 or 4 value range that covers the maximum total value.

Attribute Questions Legend

Challenge 1. On average, how many tries does it take you to 2-5
finish a level?

Control 1. On average, how many objectives were you able to 3-5
choose from at a given time?

2. On average, how many directions were you able to 2-5
choose from at a given time?

Goals 1. On average, how many short-term goals did you 2-6
have at any given time (like jumping a pond or
defeating an immediate enemy)?

2. On average, how many long-term goals did you 2-6
have at any given time (like finishing a chapter, or
unlocking a sought after weapon)?

Table 3: Generic CCG Framework

Second Survey: Mapping the Metric to Specific Genres

After determining our generic CCG Framework, we formulated the second survey to specialize it to these
five genres: First-Person Shooter, Racing, RPG, Arcade and Sports. There doesn’t exist a standard game
genre classification but previous work does have overlapping definitions. Laird & van Lent (2001) used
Action, Role Playing, Adventure, Strategy Games, God Games, Team Sports and Individual Sports for their
study while Apperley (2006) contended that Simulation, Strategy, Action and Role Playing are the main
defining genres.

Our list is not complete but does seem to cover a wide range of the genre spectrum. However, we do not
presume that other genres do not exist or are not significant, just that they are outside of the scope of this
study. We encourage further study to cover other genres beyond the five we cover here.

For the second survey, we mapped our first study questions onto the five genres. We also removed the
“hard” and “easy” challenge questions, because at this point we are primarily concerned with optimal
games and previous survey data was not very informative for “hard” and “easy” games. The survey
invitation was mailed to the same mailing lists as the first survey. We have 25 survey questions for the
second study. In the questions, the term “level” was changed to “race” for Racing genres, “solo boss fight”
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for RPG genres, and “a game segment” for Sports genres. We retained “level” for both First Person
Shooter and Arcade genres. We also included the same demographic questions from the first study.

Results

Similar to the first survey, we published the second survey for a week, during which we received 77
responses. For most of the genres, user perception was very similar to the generic game in the first survey,
with some small differences.

Out of the 77 respondents, 75.3% were male, 100% between the age of 18-63 and 89.6% with a college
degree. Only 1 of the 77 survey takers played video games less than 3 hours a week and only 3 had been
playing video games for less than 5 years. Here are the key observations:

* Challenge: 80.5% of users suggested that First-Person Shooter games take 2-5 attempts per an
average level. Similarly, 80.5% answered 2-5 attempts to finish in a top 3 of a race in a Racing game.
96.1% of the users answered that finishing an average boss fight in an RPG game takes 1-5 attempts,
while 89.6% said the same about finishing a game segment in a Sports game. Finally, 84.4% claimed
that an average level in an Arcade game takes 2-5 attempts.

e Control (Directions): 92.2% said that First-Person Shooter games should give the option between 1-5
directions at any given time. In a Racing game, 84.4% of users suggested that a player always has the
choice between 2-5 directions. That number dropped to 72.7% for an RPG game. 79.2% said the
same about Sports games. 81.8% also said the same about Arcade games.

e Control (Objectives): Having 2-5 objectives at any given time was supported by 93.5% for First-Person
Shooter games and 85.7% for RPG games. However, the percentage of users that claimed 1-5
objectives at any given time for a Racing game was 93.5%, a Sports game was 89.4%, and an Arcade
game was 93.5%.

* Goals (Short-term): For First-Person Shooter games, 85.7 % of users suggested that a player always
has 1-6 short-term goals. That number went up to 88.3% for Racing games. Similarly, 79.2% said the
same about Sports games and 85.7% about Arcade games. 75.1% say 2-5 short-term goals are
available to a player at any given time in an RPG game.

* Goals (Long-term): 75.3% claimed First-Person Shooter and Racing games provide 1-5 long-term
goals at any given time. That number drops to 71.4% for RPG games, at 80.5% for Sports games and
finally at 87.0% for Arcade games.

Number of FPS Racing RPG Sports Arcade
Attempts 2-5ina 2-5 (top 3) 1-5ina 1-5ina 2-5ina
level in a race boss fight segment level
(80.5%) (80.5%) (96.1%) (89.6%) (84.4%)
Objectives 2-5 1-5 2-5 1-5 1-5
(93.5%) (93.5%) (85.7%) (89.4%) (93.5%)
Directions 1-5 2-5 2-5 2-5 2-5
(92.2%) (84.4%) (72.7%) (79.2%) (81.8%)
Short-term 1-6 1-6 2-5 1-6 1-6
Goals (85.7%) (75.1%) (80.5%) (79.2%) (85.7%)
Long-term 1-5 1-5 1-5 1-5 1-5
Goals (75.3%) (75.3%) (71.4%) (80.5%) (87.0%)

Table 4: Genre-Based CCG Framework

CCG Framework

Based on the results of the second survey, we compiled our Genre-based CCG Framework (shown in
Table 4). The Genre-based CCG Framework focuses on a 3-5 value range which maximizes the number of
responses. This Framework can be used as a tool to measure experienced gamers’ perceptions of
Challenge, Control and Goals in an optimal game in those genres.
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Future Work

This study is the first of its kind to measure user perception for Challenge, Control, and Goals for optimal
games. We argued that the end result, the CCG Framework, will help researchers and designers to
measure user perception in a quantitative manner. It does not mean, however, that there is no room for
improvement. One expansion on the CCG Framework could cover the other three attributes we identified
from the literature (Fantasy, Mystery and Sensory Stimuli). Another expansion can cover the interpersonal
attributes not examined within the scope of this study, like Cooperation, Collaboration and Competition.

Future studies can also test user perception immediately after game-play by comparing the CCG
Framework to empirical data from a user study. We have recently started two such studies. One study is
aimed at testing the Challenge parameter of the CCG Framework in an educational game called “Policy
World.” Another study is being designed to empirically verify the CCG Framework with data based on user
perception immediately after game-play for all five genres.
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Do Girls and Boys Come From Different Planets?
Gender Differences in Educational Games

Kannan AMR, Media Arts and Game Development Program, University of Wisconsin-Whitewater,

Abstract: Research shows that, on an average, a teenager spends 14 hours per
week playing video games. But there are studies that say that there is a discrepancy
between male and female counterparts in their attitude towards video games in
general. According to the entertainment Software Association (ESA), the number of
girls vs. boys as video game players is changing in the recent times. This study
investigated the following research questions: (1) Do instructional games augment
learning for both female and male students? (2) What is the impact of the challenge
and fantasy features in instructional games on learning for both female and male
students? The overall result shows that the gender has no significant impact on
learning. But the gain score for the female students who played a version of the
game, in which fantasy turned-on is significantly higher than male students.

Introduction

Students’ achievement in math and science is on the decline in the United States. National
Academies (2007) mentions “the critical lack of technically trained people in the United States can be
traced directly to poor K—-12 mathematics and science instruction” (p. 114). Further, it elaborates “few
factors are more important than this if the United States is to compete successfully in the 21st
century” (p. 114).

Why is investing in science and math education important? National academy of Sciences in their
2007 report entitled Rising Above the Gathering Storm: Energizing and Employing America for a
Brighter Economic Future, answered this question in the following manner: “today, much of everyday
life in the United States and other industrialized nations, as evidenced in transportation,
communication, agriculture, education, health, defense, and jobs, is the product of investments in
research and in the education of scientists and engineers” (p. 41).

Educational Games in Science Education
Learning through games is not a new phenomenon. According to Bradshaw and Lowenstein (2007)
the use of games for learning is a rather ancient technique. For example, games were used to coach
soldiers for war. For the past three decades scholars (Nelson, 2008; Terenzini & Pascarella, 1994)
predicted that traditional tools such as class lectures, reading and writing assignments, tests, field
trips, discussions, laboratory reports, and such others, for teaching science may not be effective
teaching tools. On the contrary, new instructional techniques such as using video games make
“players think, talk, and act” and their rich virtual environments are what make games powerful
contexts for learning (Shaffer, Squire, Halverson, & Gee, 2005). Squire and Jan (2007) said that
schools lag behind in producing appropriate learning in today’s knowledge-based economy:
Science education needs to prepare students for a future world in which multiple
representations are the norm and adults are required to ‘think like scientists.’
Location-based augmented reality games offer an opportunity to create a ‘post-
progressive’ pedagogy in which students are not only immersed in authentic scientific
inquiry, but also required to perform in adult scientific discourses. (p. 5)

While concluding, Squire and Jan mentioned that augmented reality games on handhelds “hold the
potential for engaging students in meaningful scientific argumentation” (p. 5). The same idea was
reiterated by Goodman (2007), that a game-based education might actually prepare students to face
real world problems.

Study Purpose

This study has two main purposes: first to find out whether instructional games support effective
learning for both female and male students, and secondly to determine whether the factors of
challenge and fantasy in instructional games impact learning outcomes. The theoretical framework for
educational games is based on constructivism. One of the main tenets of constructivism is that
students construct their own knowledge. As Bruner (1966) mentions:
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The will to learn is an intrinsic motive, one that finds both its source and its reward in
its own exercise. The will to learn becomes a 'problem' only under specialized
circumstances like those of a school, where a curriculum is set, students confined
and a path fixed. The problem exists not so much in learning itself, but in the fact that
what the school imposes often fails to enlist the natural energies that sustain
spontaneous learning. (p. 127)
It is evident from Bruner that educators need to provide environments that would intrinsically
motivate students to construct their own reality. Games are intrinsically motivating. That is
there is no external reward needed for the intrinsic motivation. But the experience of the
activity in itself is gratifying. Salen and Zimmerman (2004), said that games provide pleasure,
which is intrinsic and that cannot be easily explained but something people desire to
experience. Some might argue that players play games to win. If winning is the sole
motivation for participating in games, probably the Olympics by this time would have been
reduced to an arena of couple of dozen countries. Several countries participate in the
Olympics despite not getting even a single medal for several years, because they want to
participate in the game for the sake of participation. Such a naturally motivating technique can
be effectively used in learning environments.

Essential Features of an Educational Game

There are scholarly articles (Malone, 1981a; 1981b; Malone & Lepper, 1987; Dickey, 2005; Kirkley &
Kirkley, 2005; Shaffer, 2007) published in the last 30 years that mention the important features of
games. Malone’s (1981) seminal work, which has been quoted in many scholarly articles, identified
three important characteristics of intrinsically enjoyable computer games:

1. Challenges
2. Fantasy
3. Curiosity

In the Curiosity category, Malone mentioned that informative feedback is one of the specific
principles needed for designing games. There is sufficient literature to support the role of
feedback in an instructional environment. The current study was intended to find the impact of
challenge and fantasy in an instructional game.

Challenge

Studies show that challenging activities improve student engagement not only in games but in
classrooms as well. Shernoff, Csikzentmihalyi, Schneider and Shernoff (2003) concluded that
students experience increased engagement when they encounter a highly challenging activity
and perceive that they have the appropriate skills needed to complete the task.

After conducting a study that involved more than 40 educational games, Dempsey, Haynes,
Lucassen and Casey (2002) reported that “learners are likely to sustain interest in games that
are challenging and goal oriented” (p. 166). Fong-Ling, Rong-Chang and Sheng-Chin, (2009)
concluded, after evaluating four instructional games, that challenge is one of the main factors
that makes an educational game effective. Lucas and Sherry (2004) studied gender
differences in video game play and reported that for both male and female players, challenge
is one of the top-ranked gratifications to play a game. Video game players enjoyed being
faced with challenging and competitive circumstances and it was one of the fun elements of
video games (Vorderer, Hartmann & Klimmt, 2003). The human need to have challenges is
rooted in a desire to achieve, which goes back to McClelland, Atkinson, Clark, and Lowell
(1958) theory of achievement. McClelland et al. (1958) defined the need for achievement as
“success in competition with some standard of excellence. That is, the goal of some individual
in the story is to be successful in terms of competition with some standard of excellence" (p.
181). This idea was echoed by Daft (2008) who says that achievement is “the desire to
accomplish something difficult, attain a high standard of success, master complex tasks, and
surpass others” (p. 233).

Fantasy

Cassell and Ryokai (2001) posited that fantasy plays an important role in a child’s
development. Through fantasy activities such as role-playing, dress-up, and storytelling with
objects such as stuffed animals, children explore different possibilities in their life without the
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risk of failure and frustration. Thus fantasy plays an important role in children's emotional and
social development. Further, fantasy also fosters children's cognitive and language skills. By
fostering the development of children's symbolic imagination and providing a field for its
exercise, fantasy play and narrative activity prepare the way for the development of abstract
thinking and higher mental processes (Cassell & Ryokai, 2001).

Kenny and Gunter (2007) argued that it is essential for both game designers and instructional
designers to use the fantasy feature properly. Fantasy plays an important role when a player
decides whether to play a game or not. Players might choose a game that has a strong and
interesting fantasy. Similarly, in an educational context also, learning content coupled with
fantasy is more appealing and leads toward a better retention of the modules learnt (Kenny &
Gunter, 2007). Game designer Marc LeBlanc (2004) defined fun using eight different terms
and fantasy is one of them. He said fantasy is the make-believe aspect of a game that
resonates with the gamer and thereby makes the game more enjoyable.

Study design
Studies that include more than one factor or variable are known to follow factorial design. In
this study, following are the independent variables:

1. Features (has four levels: challenge on, fantasy on, both on and none on),

2. Gender (has two levels: Female and Male)

To find out the main effects of features, a univariate analysis was used. To find out the
individual differences the researcher used the X x Y factorial design model in this study.
Factorial design not only tests the significance of group differences (due to the levels of the
IVs), but also tests for any interaction effects between levels of independent variables (Mertler
& Vannatta, 2010). In the current context, factorial design not only tests how challenge and
fantasy features affect the learning outcome, but also tests the combined effect of gender on
the learning outcome measured by the gain score.

A game called Humatan was created to teach human anatomy to high school students.
Humatan is an instructional game where high school students will learn to identify and
assemble human skeletal structures. This game is specifically developed to address the
following standards of Baltimore County Public Schools (BCPS) curricula:
1. Para-medical Biology: The Human Body (20.4)
2. Human Anatomy: Support, Protection and Movement (12.3) of the BCPS
Curriculum

Humatan game

It is 1369 BC. King Akhenaton is Egypt’s ruler, with Queen Nefertiti by his side. They don’t
have any children yet. A learned scribe has told the King that the ancients had been aware of
this time, and had with their immense skills created two little human bodies, that of a male
child, and a female child, with all the body parts, separated and hidden away in the royal
palace rooms long ago. This scribe knew how to pray to Lord Anubis to bring the children
back to life, provided they could find for him or her all the body parts, which were hidden in
the palace, and assemble them together.

It is now up to the player to find all the parts, and get them to the courtroom, and fix them
correctly to make the new heir to the throne come alive. The player is made aware that during
the quest there could be all sorts of danger lurking everywhere.

The Humatan game was made in such a way that the various instructional aspects (variables)
were turned on and off. Following four variations of the game were created and students were
randomly assigned to play each variation of the game:

1.  One game with Challenges alone (No fantasy)

2. One game with Fantasy alone (No challenges)

3. One game with both variables

4. One game with none of the variables
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The game was tested by the BCPS Office of Science PreK-12 for its content and usability.
Students initially took a pretest and played the Humatan game followed by the posttest. Both
pre and posttests consist of following tests:
1. Identification test (to assess student ability to identify the skeletal parts)
2. The Terminology test (to assess whether students could identify the bone
and its common name)
3. Comprehension test (to evaluate students’ knowledge of specific parts of the
human body associated with specific skeletal structure)

Results

A total number of 254 students from nine high schools in BCPS participated in the study. Out
of 254 students, only 202 students successfully completed all the steps (taking the pretest,
playing the game and taking the posttest) of the data collection. The remaining 51 students
took only the pretest and played the game, but were unable to complete the posttest. Out of
202 students, 121 were the female and 79 were male and 2 students did not report their
gender.

Statistical analysis

Reliability test for the pretest and posttest was conducted and the Cronbach Alpha coefficient
was .889, which shows that both tests have a good internal consistency by conventional
standards.

A paired samples t-test was conducted to see if there is a significant difference between the pretest

and posttests and the findings are reported in Table 1:

Std. Error
Mean N  Std. Deviation Mean
Pre Score 11.80 202 5.703 401
Post Score 15.20 202 5.892 415

Table 1: Paired Samples Statistics

From the paired samples t-test results we can see that there was a significant difference in
the posttest scores (M=15.20, SD=5.892) and the pretest scores (M=11.80, SD=5.703); t
(201) = -13.182, p = 0.000. These results suggest that Humatan game does facilitate
learning. Specifically, the results suggest that when students play an instructional game, their
learning does increase as reported in the posttest scores. Also, there is a strong positive
correlation (r = .800), which indicates that the students who did well on the pretest also did
well on the posttest.

Gender

A two-way between-groups analysis of variance was conducted to find the effect of game
features and gender on gain score. A total of 121 female students and 79 male students
participated in the study. Table 2 shows the mean scores of each gender in different game
versions. Four groups of students played four different versions of the game containing the
following features: Both On, Challenge On, Fantasy On, and None On.
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Dependent Variable: Gain Score

Feature Gender Mean Std. Deviation N
None on Female 3.0938 3.37313 32
Male 2.7778 3.60646 18
Total 2.9800 3.42553 50
Challenge on Female 5.5185 3.57739 27
only Male 4.3500 2.94288 20
Total 5.0213 3.33942 47
Fantasy ononly Female 3.4688 4.71774 32
Male 1.6316  3.33684 19
Total 2.7843  4.31423 51
Both on Female 2.9333 2.91173 30
Male 2.9091 3.39340 22
Total 2.9231 3.09234 52
Total Female 3.6942 3.80973 121
Male 2.9367 3.39812 79
Total 3.3950 3.66279 200

Table 2: Descriptive Statistics

The interaction effect between gender and game feature was not statistically significant, F (3,
192) = .65, p=.59. There was a statistically significant main effect found for feature F (3, 192)
= 4.26, p=.006. Post-hoc comparisons using the Tukey HSD test indicated that the mean
score for the challenge feature (M =5.02, SD =3.43) was different from none on feature (M =
2.98, SD =3.43). Both on (M =2.92, SD = 3.09) and Fantasy on (M=2.78, SD = 4.31) features
did not differ significantly from either challenge or none on. The main effect of gender, F (1,
192) = 2.61, p=.11, did not reach statistical significance.
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Figure 1 is a graphical representation of the mean gain scores achieved by male and female
students for different variations of the Humatan game.

Estimated Marginal Means of Gain Score

Gender
6.00-
— Female

— Male

4.00

3.007]

Estimated Marginal Means
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T T T T
None on Challenge on only Fantasy on only Both on

Feature

Figure 2: Profile plots for the different variations of the Humatan game based on gender

Discussion

Current study results show that games with challenges make students learn better, probably
because they feel a sense of achievement irrespective of their gender. On the other hand,
fantasy feature helped female students to learn better (M = 3.46) than the male students
(M=1.63). As mentioned earlier, the interaction effect between feature and gender did not
attain statistical significance, which shows us that there is no significant difference between
male and female students in the overall increase in achievement scores.

This study results are in concurrence with those studies in which no significant difference was
found between the male and the female students while using an instructional game. Annetta,
Mangrum, Holmes, Collazo, and Cheng (2009), in their study did not find any significant
difference between male and female subjects. Similarly, Ke and Grabowski (2007) tested the
differential effect of games on the math achievement of 5th-graders of two genders. The
study did not observe the main effect for gender or interaction effects between gender and
computer games on the math achievement of 5th-graders. Papastergiou (2009) investigated
the effects of computer games on science achievement of 88 high school students and found
no gender-based differences.

From the current study results we can conclude that challenge is a very important feature and
it positively augments learning in an educational game. Endogenous fantasy is a helpful hook
to attract the students (especially female students) towards an educational game. However, if
the fantasy element is too compelling, then the game might become less educational, and
more entertaining, which is inferred from the low gain scores of the male students. Individual
differences due to gender was not significant in the study, which tells us that the importance
of design features is extremely crucial for a successful instructional game and if the game
features are properly designed, then the individual differences among the students do not
impact the learning significantly.
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Games of Bones: Design Decisions and Early Feedback
from a Prototype
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jthompson@fieldmuseum.org, kvillanosa@fieldmueum.org

Abstract: In order to enliven “life through time” exhibits that are standard in most
natural history museums, an interdepartmental team from the Field Museum of
Natural History is creating a web-based game called Game of Bones (GoB). GoB is
implemented in Unity 3D for maximum flexibility and is intended for use both within
museum exhibits and remotely. When completed, GoB will educate museum visitors
and online learners about basic anatomy and evolution through ten game levels that
map to seminal moments in Earth’s history that are represented in almost all “life
through time” exhibits. Gameplay will replicate the activities of paleontologists with
players digging up fossils, re-assembling ancient animals and plants, using museum
collections to test basic hypotheses about the organisms’ ecologies, and making
virtual museum exhibits. Here, we discuss design decisions and focus group
feedback from the initial prototype of the game.

Introduction: Enlivening “Life through Time” Exhibits

Many natural history museums feature “life through time” exhibits. In these exhibits, a visitor walks
past dioramas that reconstruct communities at particular points in Earth’s history, presenting a broad
overview of evolution and the history of life. A typical visitor to such exhibits might focus on the more
charismatic reconstructions (Tubutis, 2005), like dinosaurs of the Mesozoic Era. Indeed, dinosaurs
attract so much visitor attention that many museums devote the greatest amount of square footage to
them in “life through time” exhibits and often separate them out into their own sections or
complementary exhibits (e.g., the American Museum of Natural History or the Denver Museum of
Nature and Science). The Field Museum of Natural History’s (FMNH) “life through time” exhibit,
Evolving Planet, opened in 2006 after a major re-design, and features over one thousand fossil
specimens, dioramas, videos, and reconstructions of fossil species. The exhibit covers life from its
origins to the last ice age and features a large space devoted to dinosaurs. Visitor time spent in these
dinosaur sections is often at the expense of other equally important but lesser known periods in
Earth’s history.

An interdepartmental FMNH team is creating a web-based game that can complement and augment
the visitor experience in a “life through time” exhibit such as Evolving Planet. This game will enliven
the exhibit and bring attention to all periods of Earth’s history, not just ones with charismatic animals
such as dinosaurs. A primary goal for this prototype game is to expand players’ experiences by giving
them insight into the research performed by museum scientists and emphasize the key role that
natural history collections have in scientific inquiry. Once completed, the 10-level game will focus on
seminal moments in Earth’s history. Given that “life through time” exhibits showcase similar seminal
content, a major design goal is broad-scale usability of the game by museums and science centers
around the country, and possibly the globe.

Game of Bones

To test the concept and design for a “life through time” game, FMNH produced a prototype called
Game of Bones (GoB). GoB is aimed at middle- and upper-elementary school aged youth and
families with the goals of allowing players to experience what it is like to be a paleontologist by
replicating the activities of scientists that work in museums through engagement with museum
research, collections, and exhibits. GoB has been prototyped as a single-player experience to focus
the narrative and test different designs and basic mechanics. A collaborative or multi-player mode will
be tested in future design iterations because collaborative gameplay would more closely mimic real
scientific experience and promote greater learning. In the single-player prototype, GoB players
unearth, prepare, and study important fossils in Earth’s history. Players also gain insight into the
nature of scientific inquiry through topics such as anatomy, functional morphology, and evolution.
Designed in Unity 3D, GoB will be made available at no cost through the Museum’s website and will
be adapted for tablet devices to enable gameplay from within museum exhibits.
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GoB is based on current and past paleontological research conducted by FMNH scientists, with an
emphasis on scientific accuracy and the realities of field- and museum-based research. Designing
games around real scientific research with a high degree of accuracy is critical for several reasons: 1)
it simulates real-life scientific observations and experiences for players; 2) it allows players to mimic
scientific processes in order to generate solutions to real-world questions; 3) it provides real-life
scientific discovery moments and opportunities for higher-level engagement (Aronowsky et al, 2011).
In the finished game, youth will use gameplay to learn how paleontologists work, investigate fossil
specimens in museum exhibits and research collections, and gain insight into the nature of scientific
inquiry and topics such as geography, evolution, anatomy, and functional morphology. We also seek
to engender a positive attitude towards science in youth, a goal that is realistic given past success
with paleontology-based digital learning programs such as | Dig Science (King et al, 2011;
Steinkuehler and Alagoz, 2010). The GoB game design and mechanics are targeted towards youth
aged 9-13 (approximately 4th—8th grades), but we anticipate that GoB will also appeal to family
audiences. We envision the final game as having ten levels with varying degrees of difficulty. Each
level will correspond to a different period in geologic time and will focus on an FMNH specimen and
the research of an FMNH curator or collections manager. The prototype focuses on Edaphosaurus
(Figure 1), a fossil mammal-relative from the Early Permian Period of Earth history (approximately
299 to 270 million years ago) and the research of Assistant Curator of Paleomammalogy Dr. Kenneth
Angielczyk.

The Museum’s departments of Education, Geology, and Biodiversity Synthesis Center worked with
two recent graduates from Columbia College Chicago (a game designer and a graphic artist) to create
the game prototype. The prototype is intended to exemplify the vision of the entire game by showing
one fully playable stage that presents examples of game mechanics, graphics, science content, and
learning goals. The prototype incorporates aspects of the virtual dig, research, and museum exhibit
activities inspired by the | Dig Science summer program (see below), with the same attention paid to
the scientific accuracy and realism of paleontological fieldwork and museum research.

Game of Bones

The inspiration for GoB’s design is the successful | Dig Science summer camp, an out-of-school time
program for a small group of high school-aged youth that uses a suite of digital technologies in
combination with real-world resources at FMNH. | Dig Science was created by FMNH and Global Kids
in 2008 and provides opportunities for teens from disparate locations to use a participatory 3D virtual
environment to communicate with scientists and conduct activities that mimic those of the scientists—
including hunting for fossils, collecting data, testing hypotheses, and discussing and interpreting their
discoveries. The GoB prototype is an attempt to engage larger groups of younger learners and
families in a web-based game that captures some of the core science concepts and learning goals of |
Dig Science.

In the prototype, players begin gameplay in a virtual museum office, based on a real space in the
FMNH Geology Department. The office serves as the hub for all activities within the game and also
provides players with a virtual behind-the-scenes look at the Museum. Our choice to use the office as
a hub for the game was based on 1) the fact that it adds to the game’s immersive environment,
making players feel that they are scientists working in a museum; and 2) the contents of a typical
curator’s office (e.g., maps, references, specimen cabinets, workspace for studying fossils) consist of
many items that lend themselves naturally to certain aspects of gameplay and that players will
actively use in the game. After clicking the map (Figure 1), players are presented with a series of
virtual fossil excavation sites around the globe to which they can travel. These dig sites are based on
the real locations where FMNH researchers have ongoing projects or have worked in the past,
emphasizing the diversity of work performed by Museum scientists. In the prototype, only one dig site
can be selected. However, in the completed version of the game, a subset of localities will be
available to the player at the start of the game, with additional localities becoming unlocked as players
gain experience as a paleontologist. For the prototype, we chose to implement an example focusing
on the mammal-relative Edaphosaurus (Figure 1), which is commonly found in Lower Permian rocks
in Texas and Oklahoma (e.g., Reisz, 1986; Berman et al., 1997). Our decision to use Edaphosaurus
reflects a large number of factors: 1) its distinctive and engaging morphology (e.g., it has a large salil
on its back), 2) its evolutionary importance as one of the first terrestrial vertebrate herbivores (e.g.,
Reisz and Sues, 2000; Reisz, 2006), 3) the large number of Edaphosaurus specimens in FMNH
collections, 4) a skeleton of Edaphosaurus is displayed in Evolving Planet and in most “life through
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time” exhibits, and 5) Dr. Angielczyk’s research focuses on the paleobiology of ancient mammal-
relatives (non-mammalian synapsids) such as Edaphosaurus.

Geraldine Bonebed,

Texas
Fossils from the Permian
(299-251 Million years ago)
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Figure 1: Images from Game of Bones (from top to bottom, left to right) a. Edaphasaurus specimen
from Field Museum, b. Office, c. Map, d. Dig site, e. Digging, f. Sort, g. Assemble, h. Research
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Once a locality is selected, players hunt for fossils at their site, using the same tools that
paleontologists use to excavate fossils in that area. For example, when digging in Texas, players use
rock hammers, chisels and brushes, but if digging in the Antarctic, players will use jackhammers and
saws. This portion of the game allows players to experience how paleontologists discover and
excavate fossils, and understand the types of tools needed for fieldwork. The fossil excavation game
mechanic should be compelling to players because it can conjure the sense of excitement and
adventure learners often associate with paleontological fieldwork in exotic locations. The inclusion of
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the virtual fossil dig in GoB also provides an accessible gateway to the game that may inspire players
to further engage with it, even after they discovered their fossils.

After players have successfully excavated their fossils, they return to the office to sort and assemble
their discovery. To maintain the exploratory feel of the game and prevent it from becoming overly
linear, players can choose which task they want to accomplish first. When sorting, they use
comparisons with real references from the scientific literature to help them sort their fossil pieces into
the correct anatomical bins (e.g. skull, shoulders, pelvis). During assembly, players use their fossil
pieces to reconstruct their ancient animal. Our goal for these mechanics is in part to enrich the
simulation of being a scientist, since organizing, preparing, and identifying fossils are important steps
in the follow-up work after an expedition. The sorting process also emphasizes how scientists use
previous work in the literature to inform their research, and provides a seamless way for players to
begin thinking about the anatomy of their fossil animal and how it may be similar to or different from
the anatomy of other fossil and extant animals. In particular, the comparisons with literature sources
emphasize our homology learning goal (i.e., homologous structures are equivalent because of their
common evolutionary origin even if they appear somewhat different due to functional overprinting).
The assembly mechanic gives players the opportunity to apply what they may already know about
anatomy, or have learned during the sort process, with the visual reward of seeing their animal come
together through their efforts.

Once they have sorted and assembled their fossil animal, players are challenged to develop and test
hypotheses about its biology, ecology, and functional morphology. To provide insight into the key role
that museum specimens play in scientific research, one of the main mechanics of this stage of the
game consists of players using the “research collection”, where they find photographs of relevant
parts (e.g., skulls, jaws, limb bones) of both extinct and extant animals. By making observations of
important features (e.g., tooth and skull shape in regards to dietary preference), and synthesizing
these data with additional information provided during the game and knowledge that they already
have, players can make inferences about the lifestyle of their fossil animal. In the prototype, gameplay
in this stage focuses on answering the question “What did your animal eat?” This allows players to
experience how paleontologists reconstruct the biology and ecology of extinct animals and to also
gain insight into topics such as the form-function relationship that exists in many organisms (e.g.,
shearing teeth are needed to slice meat). Although our focus group testing (see below) showed that
the game mechanics of this stage are fundamentally sound, time and funding constraints limited our
implementation to only including photographs of comparative specimens. As our development of the
full game proceeds, we hope to replace the photographs with fully-rendered objects comparable to
the fossil specimens that players excavate and study, which will help to make this stage more
engaging.

The game concludes with an often overlooked aspect of the scientific process: presenting one’s
results and conclusions to peers and the general public. This mechanic takes the form of players
building a virtual museum exhibit about their fossil animal. The museum exhibit format was chosen
because it combines a way for players to integrate all aspects of their previous gameplay (including
their fully reconstructed fossil and their conclusions about its biology and ecology) in a format that is
interesting, familiar, and that ties their experiences back to a museum context.

Youth Focus Group Feedback and Surveys

The preliminary learning goals of GoB are for players to understand paleontological fieldwork and
research, what museum collections are and how they are used, basic anatomy and the principle of
homology, the functional morphology of living things, and the nature of scientific inquiry. Table 1
outlines eight preliminary learning and attitudinal goals for GoB and how they map to gameplay in the
prototype. These goals may be modified or expanded in future iterations of the game.
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Learning Goal Game Mechanic

1. Understand the distribution of fossils in time and space Using Map

2. Understand the realities of paleontological field work — types and Digging Fossils
conditions of fossils

3. Know some of the tools & technology used for paleontological dig Digging Fossils

Sorting, Assembling &

4. Understand basic anatomy and the principle of homology Researching Fossils

5. Apply logic/comparative methods to solve a problem Sorting & Assembling Fossils

6. Understand what museum collections are and how they are used Researching Fossils

7. Understand the function of living things (functional morphology) Researching Fossils

8. Have a positive effect towards science, feel a empowered in Overall Game Play
science

Table 1: Game of Bones Learning Goals

An early version of the prototype was tested with a youth focus group of twenty-three 6th grade
students in November 2011. We administered pre- and post-play surveys to better understand what
youth players were gleaning from gameplay. Fourteen of twenty-three (60%) players had a positive
change in their understanding and description of the realities of paleontology fieldwork (learning goal
#2). All but one participant demonstrated an understanding of the tools used by paleontologists post-
gameplay (learning goal #3). All but two participants showed positive change in knowledge about
vertebrate anatomy (learning goal #4), and these two participants had no change between the
surveys as they demonstrated a sound comprehension of anatomy in the pre-play survey. All players
were able to apply logic in problem solving (learning goal #5), although 83% (19/23) demonstrated
this skill in the pre-play survey. All but one player were able to articulate why museums have and
need research collections in the post-play survey (learning goal #6). Seventy percent of players
showed positive change in their ability to evaluate anatomical function post-play (learning goal #7).
There were no differences in attitudes towards science because both pre- and post-play survey
responses were uniformly positive towards science with all youth able to articulate specific ways in
which science benefits the world (learning goal #8). Given that the prototype focuses on a single
geological time period, we did not evaluate students’ understanding of geological time and the
distribution of fossils in time and space (learning goal #1).

From these preliminary data, we see areas where the current design of GoB can have a positive
impact on learning. Gameplay may help players to understand 1) the realities of paleontology; 2) the
tools and methods used by paleontologists; 3) the importance of museum collections for science; 4)
basic anatomy; and 5) the ability to evaluate anatomical function. Based on preliminary data, GoB
might not have a positive impact on a player’s attitude towards science or ability to apply logic to solve
a problem because interest-driven players may already have achieved these two goals.

For the youth focus group, we solicited feedback about gameplay and mechanics (what worked and
what did not) and if and where players envisioned themselves playing the completed ten-level game.
Critical feedback from youth players indicated they wanted to play more and have more levels (the
most common comment was “make the game longer”). Most youth players indicated that they would
enjoy playing a full version of GoB from home, which is interesting considering that these same
players most frequently played sports games such as Madden 12, shooter games such as Call of
Duty: Black Ops, and physical games such as Just Dance 2 at home. Very few youth players
indicated they would play GoB in a museum setting. More focus groups and a different testing design
would be necessary to tease apart 1) if youth do not currently associate natural history museums with
digital gameplay; 2) if youth players cannot envision playing a digital game from within a museum
because they currently lack the technology to do so; or 3) if youth would not play a digital game from
within a natural history museum even if provided with the necessary technology.

Adult Focus Group

Thirteen museum staff members from the Geology, Education, and Exhibits departments participated
in an adult focus group in December 2011. For the adult focus group, we were interested in how well
the gameplay mimicked the experience of a paleontologist, how to mesh gameplay and an accurate
depiction of the scientific process, the look and feel of the game, and suggestions for expansion and
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improvement. These adult testers said the game concept was both engaging and educational. Players
stated that the game activities and mechanics accurately mimicked scientific activities and presented
the underlying concepts and facts in an appropriate manner for the intended audience. Most adults
who participated were not avid gamers and suggested that an introductory tutorial would help to orient
them to the game storyline and mechanics. These testers did not appear to recognize standard game
design elements such as guiding a player through a space using lighting, and had a harder time
navigating the game than did youth players. Although our conclusions are limited by a very small
sample size and biased due to the source of the sample (all museum staff), adult and youth players
favored different aspects of the game prototype. Adult players seemed to favor the graphics and
accuracy of GoB, naming the Office, Notebook, and Reconstruction as their favorite parts of the GoB
prototype. In contrast, youth players preferred the activities, naming Fossil Assembly and Sorting as
the most engaging parts of the game.

Future Development

As iterative development continues on GoB, the FMNH team will take a two-pronged approach: 1)
refine single-player web-based gameplay and 2) explore and prototype collaborative and in-museum
gameplay. A single-player non-museum game was the preferred product of the youth focus group, so
it is important to continue developing this design. However, testing the feasibility of a multi-player non-
museum game will also be a priority for future development. Given our ultimate goal of broad-scale
usability at museums nationally, in-museum gameplay will be prototyped as well. FMNH expects in-
museum development to include a new and different suite of focus groups, site visits to institutions
around the country, and discussions with exhibits and paleontology staff.

Conclusion

Science content and the scientific process are often inaccessible for youth. Youth often perceive
science as a collection of obscure facts that are unrelated to their daily lives, and do not realize that
science is a dynamic activity. At its most basic, science entails asking questions and making
observations, two activities that people practice regularly, if unknowingly, in their daily and digital
lives. When complete, the scientifically accurate GoB may provide a way for players to apply or
improve these skills in context, making the scientific process accessible and familiar. Gameplay may
increase content knowledge, heighten interest in science, and engender positive attitudes toward
science among players. Paleontology has a strong feeling of adventure and discovery that may help
to draw in youthful players who might otherwise be reluctant to engage with science content. By
making science accessible and increasing their content knowledge, the scientific experience provided
by GoB has the potential to provide youth players with a better understanding of paleontology and
museum research.
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Commercial Video Games as Preparation for Future Learning
Dylan Arena, Stanford University, darena@alumni.stanford.edu

Abstract: To examine the learning benefits on traditional school content of
recreational play of commercial games, 102 community-college participants were
randomly assigned to play Call of Duty 2, Civilization IV, or no game at home for at
least 15 hours over 5 weeks. All participants then took a short multiple-choice test
about World War Il history; heard a 20-minute lecture about World War II; and then
took another multiple-choice test about World War Il history. Results (using an
intention-to-treat analysis) showed no differences on the pre-lecture test but a
positive effect (Cohen’s d = .27) of gameplay on the post-lecture test, suggesting that
recreational gameplay had prepared participants to learn from the lecture. These
findings suggest a new role for games in learning contexts, in which the games—
instead of carrying the educational load alone—provide compelling experiences that
are coupled with the powerful explanatory structures of a formal curriculum.

Introduction

In the field of digital game-based learning there has been much focus on the development of
educational games—games designed specifically to teach. Attention has also been paid to
commercial, off-the-shelf (COTS) games, but that work has focused mostly on the motivation,
engagement, and community participation engendered by such games. To complement such work, in
this paper | hope to demonstrate that recreational COTS gameplay can, under the right
circumstances, lead to learning gains on even the traditional, fact-based curricular instruments
criticized by many in the educational research community but used widely in schools today. By
showing this learning benefit of COTS games, | hope to strengthen the argument for digital game-
based learning more broadly.

It is not surprising that there has been relatively little research demonstrating the benefits that might
accrue on traditional fact-based tests from simply playing COTS games in one’s leisure time, because
there is no reason to expect that games created purely to entertain would produce learning benefits
on school content that are measurable by traditional assessments. A novel assessment framework
called Preparation for Future Learning (PFL), however, is designed specifically to measure immature
forms of knowledge that traditional assessments miss. It does this by incorporating learning resources
into the assessment process to determine what test takers’ immature knowledge has prepared them
to learn (Bransford & Schwartz, 1999).

In this study, | used the PFL framework to investigate whether being randomly assigned to receive
and play one of two COTS games (Call of Duty 2, n = 34, or Civilization IV, n = 35) at home over the
course of five weeks would prepare community-college students to learn from a lecture about World
War Il compared to a control condition that received no game (n = 33), as measured by performance
on pre- and post-lecture multiple-choice tests. In a more qualitative vein, | also examined whether
participants’ gameplay experiences would influence their responses to open-ended questions about
scenarios from World War |l that were not mentioned in the lecture.

Methods Design

The study was an experimental field trial with non-random selection of participants from a
convenience sample but random assignment of participants to three conditions. Two of these
conditions' participants were given one of two commercial video games, Call of Duty 2 (CoD2) or
Civilization 1V (Civ4), which they were assigned to play at home for at least 15 hours over a period of
five weeks; the third condition’s participants were given no game and assigned no gameplay. After
this five-week period, participants from all three conditions came to a room on their community-
college campus, took a 16-item pretest about World War Il history, watched a 20-minute video of a
narrated-slideshow lecture about World War Il history, and then took a 36-item posttest and a brief
survey. After completion of the session, participants were given research credit, and participants in
the condition that had not already received a game were given one and asked to play it for at least 15
hours over a five-week period. (Although the post-instructional gameplay of these control-condition
participants was not of theoretical interest for this study, | did not want control participants to
participate less fully because of being assigned to a condition that received neither a game nor the
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opportunity for a gift card, so | explained in the initial information session that participants in all three
conditions would receive games to play for compensation and that the only condition difference would
be the timing of that gameplay.) All participants who completed sufficient gameplay (as determined by
examination of save-game files) were e-mailed digital $75 Amazon.com gift cards. Figure 1 details
this design.

’ Advertise study to all students enrolled in research program

v
‘ Students who choose to participate are randomly assigned to conditions
\ \ Y

Participants play Civ Participants play CoD2 i
15+ hours over weef(s 15+ hours over% weeks Participants play no game

Y

Game-playing participants submit save-game files

Y

All participants take pre-lecture test

'

All participants hear lecture

'

All participants take post-lecture test

v v

No-game participants
play games 15+ hours

Game-playing participants receive payment

Figure 1: Experimental design and procedure.

Participants

| recruited 119 participants and obtained usable data from 102(1), all of whom were students at a
local community college who were enrolled in introductory social-science classes that required
research participation for course credit. The final participant sample exhibited high diversity in
ethnicity, nationality, socioeconomic status, and prior digital gameplay. Participants ranged in age
from 16 to 42 years, with a median age of 20, and 66 of the 102 participants were female.

Materials
Each participant was given a new, shrink-wrapped copy of either CoD2 or Civ4, installable on the
participant’s personal computer (both Windows and Macintosh versions were available).

The lecture took the form of my narration of a 24-slide presentation that discussed the events of
World War Il while focusing on the two themes of Nations and Battles, which | hypothesized to be
more relevant to the players of Civ4 and CoD2, respectively. Although the lecture was written so that
players of the two games would retain information from different parts of it, | never mentioned either
game in the lecture.

The multiple-choice-tests, which were intended to look for benefits of recreational gameplay even on
the most traditional, “schoolish” measures, comprised items from the National Assessment of
Educational Progress (NAEP: National Center for Education Statistics, 2011), the California
Standards Test (CST: California Department of Education, 2009a and 2009b), and a purpose-built
test from a World-War-Il study guide produced by the company SparkNotes (SparkNotes Editors,
2005), which also served as a primary source for the lecture.

| also administered a pre-experimental questionnaire and an exit survey to (a) screen out anyone who

had played either game before, (b) collect demographic data, and (c) solicit feedback about game
enjoyment and learning behaviors.
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As another way to examine effects of gameplay on learning, | asked participants open-ended
questions about two scenarios presented in the exit survey after the post-lecture test. The scenarios
had not been mentioned in the lecture but were intended to build upon the lecture’s two themes of
Nations and Battles, respectively. In the Nations scenario, British ships fired on their French allies in
1940 off the coast of Algeria. In the Battles scenario, American soldiers scaled a cliff under heavy
German fire to disable an artillery battery. After presenting each scenario, | asked participants what

they would want to learn to better understand the scenario.

Results

My primary analysis protocol was as follows. | first identified a set of variables that might predict
performance on the pre- and post-lecture tests, as shown in Table 1.

Control CoD2 Civ4

Age in years

M (SD) 22.76 (6.77) | 22.65(6.84) | 22.60 (5.94)
English proficiency (reading/speaking composite)

M (SD) 3.17 (1.23) 3.53 (1.71) 3.31 (1.56)
Game enjoyment

1, 2, 3, 4, 5 (on Likert scale) 0,0,330,0 | 3,5,7,11,8 | 2,6,8,15,4

M (SD) [if treated as continuous] 3 (0) 3.47 (1.26) 3.37 (1.09)
Gender

Females, Males 21,12 21,13 24,11
Prior digital gameplay

Never, 1-2 times, 3-6 times, > 6 times 5 4,7,17 6,7,3,18 3,2,4,26
Prior social-studies interest

1, 2, 3, 4, 5 (on Likert scale) 2,1,8,13,8 | 2,3,8,15,6 |2,4,8,11,10

M (SD) [if treated as continuous] 3.73 (1.07) 3.59 (1.08) 3.66 (1.19)
Quarter

Winter, Spring, Autumn 17,7,9 17,7,10 13, 13,9

Table 1: Candidate predictor variables.

Next, | constructed Analysis of Covariance (ANCOVA) models with the pre- and post-lecture-test
scores as dependent variables and the variables listed in Table 1 as predictors, along with a
gameplay-condition factor (because my primary interest for these analyses was the effect of
gameplay rather than of each specific game, this two-level factor contrasts CoD2 and Civ4
participants with Control participants). For the post-lecture test, | also included pre-lecture-test score.
My first step for each analysis was to test a model containing main effects of all predictors against a
model that also contained all one-way interactions with the gameplay-condition factor, but in neither
case did the marginal explanatory power of the interaction model reach statistical significance.
Therefore, neither of the models discussed contains any interaction terms. Using the saturated main-
effects model as a starting point, | then performed an all-possible-subsets model selection (2) to find
the model with the highest Rzadj, with the constraint that all predictors in models under consideration
be at least marginally significant (p < .1). | will present these “parsimonious” models below.

Pre-lecture test
As shown in Figure 2, mean scores on the pre-lecture test were low for all three conditions.
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Figure 2: Pre-lecture-test scores by condition and gameplay.
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The test also had low reliability for this sample (Cronbach’s a = .43), most likely because many
participants were guessing on many of their response, thus introducing random noise to the
measurement. The sole predictor chosen by the all-possible-subsets selection procedure for the
parsimonious ANCOVA model for pre-lecture-test scores was English proficiency, as shown in Table
2. Notably, gameplay condition was not predictive.

df | SStypem F n’ P
English proficiency 1 70.86 13.32 12 .00042***
Residuals 100 | 532.16
R’.¢ = .11, F(1, 100) = 13.32, p = .00042

Table 2: Pre-lecture test ANCOVA.

Post-lecture test

As shown in Figure 3, scores on the post-lecture test were much higher than on the pre-lecture test,
indicating that participants in all conditions learned from the lecture. The test’s reliability for this
sample was also much higher than was the pre-lecture test’'s (Cronbach’s a = .86). Mean scores in
the gameplay conditions were slightly higher than in the control condition, suggesting a small benefit
of gameplay (Cohen’s d = .27).
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Figure 3: Post-lecture-test scores by condition and gameplay.

The all-possible-subsets selection procedure for the ANCOVA model with post-lecture-test score as
dependent variable produced a model with seven predictors, as shown in Table 3. Notably, gameplay
condition (denoted by the “Received a game” variable) was selected in this model, albeit with a small
effect size (172 = .026). Age, English proficiency, game enjoyment, pre-lecture-test score, and prior
social-studies interest were also positively associated with post-lecture-test score. (Quarter of
participation was marginally significant, reflecting cohort or seasonality effects that are not of
theoretical interest but that contribute construct-irrelevant variance.)

df | SStypem F n’ P
Age 1 123.55 5.63 .036 .020*
English proficiency 1 70.86 13.32 12 .00042***
Game enjoyment 4 239.07 2.72 .069 .035*
Pre-lecture-test score 1 145.08 6.60 .042 .012*
Prior social-studies interest | 4 334.12 3.80 .096 .035*
Quarter 2 125.40 2.85 .036 .063.
Received a game 1 88.97 4.05 .026 .047*
Residuals 87 | 1910.95
R®.q = .36, F(14, 87) = 5.06, p < .0001

Table 3: Post-lecture test ANCOVA.
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Open-ended questions

Because | had intended the Nations theme to resonate more with Civ4 players and the
Battles theme to resonate more with CoD2 participants, | predicted that the Nations scenario
would elicit more responses focused on Nations themes from Civ4 players, and likewise the
Battles scenario would elicit more Battles-focused responses from CoD2 participants. Figure
4 shows results by condition for the two scenarios. In these graphs, correctness was
determined by whether the questions participants asked about the scenario reflected a focus
on the appropriate theme for that scenario: e.g., for the Nations scenario, a question about
whether the French ships being fired upon were controlled by Germany would be scored as
reflecting a Nations focus, whereas a question about whether the French commanders had
insulted the British commanders would not. The error bars in each graph represent the 68%
confidence intervals for the proportions (corresponding to roughly +/- 1 SD, assuming
normality).
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Figure 4: Open-ended responses for Nations (left) and Battles (right) scenarios.

Fisher's exact test of proportions for the Nations scenario was marginally significant, p =
.058; for the Battles scenario, the test was significant, p = .030.

Discussion

Taken together, the results of this study support the claim that playing enjoyable video games at
home can help both male and female students learn in school, if the formal instruction leverages the
students’ gameplay experiences. (The strong predictive effect of prior social-studies interest for the
post-lecture test shows the importance of also leveraging students’ interests.) The multiple-choice-test
results showed only a small effect, but this study was intentionally conservative with respect to its
design (randomized field trial using an intention-to-treat analysis, both considered “gold standard”
methodologies for causal inference), its intervention (recreational gameplay of commercial games that
were not designed to teach school content), its outcome (learning gains compared to control
participants on traditional history content delivered via direct instruction), and its measurements
(traditional multiple-choice tests whose items were taken from existing standardized tests rather than
developed ad hoc). The open-ended-question results underscore the notion that more creative
measures show stronger positive effects of recreational gameplay. They also demonstrate that
different games will offer different types of experiences that prepare players preferentially for different
topics of formal instruction and that these gameplay experiences can improve not only retention of
facts presented by direct instruction but also students’ choices about what to learn.

| propose two main conclusions from this study. From a theoretical perspective, there is a benefit to
simply having demonstrated that the learning that occurs in naturalistic gameplay can be detected
with the PFL framework. Showing that fruit can be plucked from this region of the digital-game-based-
learning space (i.e., involving pre-instructional gameplay paired with a formal curriculum) strengthens
the basic argument for digital game-based learning.
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From a more pragmatic perspective, demonstrating that informal COTS gameplay can lead to
learning gains in schoolish contexts suggests a specific policy prescription for educators: to consider
the games their students are already playing not as competition for precious time that could be spent
studying or doing homework but as rich source material for use in engaging curricula that could tie the
compelling experiences found in the games with the powerful explanatory structures found in the
standard curriculum. A concomitant policy prescription for commercial-game developers is that their
games could contribute to efforts in digital game-based learning without having entire curricular units
crammed into them—developers need only be thoughtful about how the experiences provided in their
games might be tweaked this way or that to better serve as foundations upon which educators might
build. This lowered bar for participation in the digital-game-based-learning space might encourage
more commercial developers to lend their considerable strengths to the process of bringing
classrooms into the 21st-century.

Endnotes

(1) The 16 participants who dropped out did so because either they were no longer enrolled in a relevant social-
science class or because they had technical or time-management problems preventing them from
completing the at-home gameplay. The 17th lost participant was removed for cheating on the post-lecture
test.

(2) An all-possible-subsets selection procedure examines every model that could possibly be constructed using
a set of predictor variables to find the “best” model according to some pre-defined criterion.
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“Oops, | Learned Something”: Teaching Via Game Mechanics
Bryan Cash, Francisco Souki, Schell Games

Abstract: This paper describes, with extensive examples, the process by which
video game mechanics can be designed to further an educational message. To do
so, we study the case of a video game that is being developed in tandem by a
traditional video game studio and nonprofit organizations. Two factors condition the
game design: the educational goals and the caveat that the target audience responds
negatively to any heavy-handed attempts at education through games. We present a
list of the different game systems that were designed to carry forward the messaging
while retaining their fun factor—mainly Combat, Missions, Conditions, and
Multiplayer. A mechanically solid game is built in which the messaging is embedded
in metaphors and supported by the game’s story and mechanics, pushing forward the
notion of Incidental Learning.

Introduction

In Fall 2011, Schell Games began work, in collaboration with the BEST Foundation and Drug
Strategies, on a mobile video game which had the goal of introducing teens to situations in which they
might be tempted to try substances such as alcohol, drugs, and tobacco and providing them with the
right tools to recognize and navigate these situations. This paper begins with a description of the
game’s educational goals and its unique constraints. This is followed by a look into the process of
defining the game’s educational objectives and the choice of game mechanics to support them.
Following this, an explanation of how the different game mechanics in the game work together to
push the educational message forward is presented. We conclude with an overview of how each
educational objective is addressed by the game’s design.

It is important to note that the game is currently in the final stages of development and not yet
released. All names and features described are not final and may not represent with exactitude the
final product.

Defining the game

The first step toward the game’s development addressed the definition of the platform and target
audience. The game would be developed for the iPhone, iPad, and Android platforms, and would
target players between 11 and 13 years of age. Early focus testing motivated the team to create an
edgy setting for the game, in which the main characters would be sentient mice who live and coexist
with humans in the world as we know it today. These mice confront beings known as the Controllers.
The player’s role in the game is that of a human being who is asked to help lead a tribe of mice
against the Controllers. As the game progresses, the player earns the trust of new recruits for their
tribe.

Messaging caveat

In early focus testing, players had a strong negative reaction to the notion of the game referring
literally to substances such as drugs and alcohol. This led the team to make the decision of not
addressing these substances directly at any point in the game, but rather with metaphors. As a result,
the game’s ability to meet its messaging goals relies heavily on its game mechanics and their ability to
reinforce the different metaphors in the story.

Methodology

Instead of approaching the messaging explicitly, the game relies on metaphor, game mechanics that
can carry a message, and other subtle indicators of the points that it aims to educate on. As such, the
messaging must be explicit and clear enough such that the players get something out of it, but subtle
enough that it doesn’t feel obviously like a game trying to teach them. Many of the situations and
mechanics in the game are intended to provide the player with a metaphorical layer that they can
overlay on their lives, providing a toolbox of sorts in their subconscious which they can call upon when
they have to deal with temptation and standing up to pressure.

This methodology can be tied to the concept of Incidental Learning, which is to say the type of
learning that is unplanned or even unintentional. The player should approach the game of their own
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volition, drawn by its properties as a game. The learning should then follow naturally, as a result of the
player experiencing the game.

Defining the game goals

The process of defining the goals for the game led to the realization that first and foremost, the game
needed to be fun. In contrast with other educational projects in the space in which the educational
factor seems dominant, this particular project would focus on creating an entertaining product that
taught the players a valuable message, rather than an educational game that struggled to be fun.

As such, the main project goals were defined as follows:

* First and foremost, create a fun, engaging experience that audiences want to play.

* Introduce players to situations where they may feel pressured, and display methods of
dealing with them.

* Introduce the internal / external pressures that can influence decision-making.

e Show that players don't need to give in to negative pressures to be cool.

* Engage the player without preaching or speaking down to them.

e Create a mechanism for showing positive peer support.

* Provide a skill recognition and actualization activity.

* Normative education: emphasize that the majority do not use substances, nor do they find it
cool.

Willpower vs. Control

During the development of the game, several core concepts were proposed to bear the weight of the
educational theming. Initially, the concept of “Will” was chosen to communicate the notion that
teenagers ultimately have a choice when becoming involved in pressure situations. In the game, the
Mice characters would have a measurable amount of Will, which would determine their strength and
likelihood to give in to temptation.

The team quickly realized the problem with this approach, as we did not want the game’s message to
communicate that being weak-willed leads to trying substances. Rather, the ability to choose comes
from retaining control: control of one’s self, actions, and environment.

Teenagers deal with struggles of Control in their daily life. Their bodies, their time, their friends all
seem like they could spin out of their control at any time. Additionally, they experience a plethora of
emotions daily that can easily overwhelm them, should they lose control. As a result, the team
decided to pursue the central theme of Control, especially when framed in the context of Influence.

Game story

The story of the game takes place in current times, and places the player as a human who aids a
group of Mice in the fight against the mysterious Controllers. These beings have infiltrated Mouse
Burrows all over the world and have inadvertently unleashed the full potential of Mousekind: Mice in
the game can walk upright and speak, and have a range of emotions as wide as any human’s. Mice
feel drawn to them, for they provide unmeasurable power.

Figure 1: Game Characters — from left to right: Advisor, Leader, Captain, Tradition Keeper
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The particular group of Mice that the player is roped in to aid, however, has realized that Controllers
are harmful for Mousekind. They enlist the player’s help and place them in command of a small group
of Mice in their quest to confront a group of Controllers who are threatening their immediate area.

The characters pictured in Figure 1 will accompany the player throughout the whole game. These
characters are not portrayed as flawless leaders but rather as flawed individuals that are leading with
their own insecurities. The Advisor is curious and sometimes reckless, the Leader is insecure and
comes from a family where too much was expected of him, the Captain is strong but doubts her
abilities and the Tradition Keeper is prone to seeing the world in terms of black and white. The player
will see how these mice work through their own problems together throughout the game.

As the game progresses, the player’s group encounters other Mouse groups that have given in to the
Controllers for different reasons. The player’s group helps these Mice and recruits those who wish to
help in their fight. As they encounter the different groups, the different supporting characters that
accompany the player will unravel their own problems and insecurities and be forced to deal with
them and overcome them with the player’s help.

Mechanics addressing messaging

The game’s goals were drafted in a way that stressed the importance of creating a fun product, and
the development team was encouraged to build game systems that embraced the messaging, rather
than having them meet strict curriculum goals.

The result of this process was the consummation of the game systems, which are described in the
following sections, along with a look into the way in which they further the game’s message.

The decision to implement these systems was not coincidental, nor did we get them right at the first,
second, or even third try. Combat, as the main system, was chosen to carry the weight of the
metaphors since it is the activity in which players will engage the majority of the time. Missions serve
the purpose of communicating the game’s story in a way that is not too text-heavy and which places
players at the core of the action. Conditions were included as a means to communicate the risks and
consequences that are related to substance abuse. The Multiplayer aspect was implemented with the
goal of creating a positive peer group for the player.

Combat

Combat is the main interaction in the game. It is the way that players progress through the story and
the activity in which players engage the vast majority of the time. As such, great care was put into
developing a solid metaphor for combat to rest upon.

Combat in the game is meant to represent tense situations in which our target audience might be
pressured into giving into temptation. As mentioned before, the main goal of the game is not to equate
substances to evil, but rather to provide our players with the tools to recognize and navigate situations
in which they might be pressured, coaxed or convinced to do something that they are not quite sure
they want to do. After looking at these situations, we recognized elements that liken it to combat: they
are battles of sorts in which both parties are fighting over control of the situation.

As such, combat was designed as a metaphor for these situations. When one of the mice controlled
by the player encounters an opponent, they hold a conversation in two levels: first and foremost, they
scuffle like the mice they are. But, since these mice have recently found the ability to also
communicate with words, they also talk as they scuffle.

All of this is framed in real-time, menu-based RPG-style combat, similar to what would be found in
traditional RPGs. During their turn, players must quickly choose what move, or Power, their mouse
will execute next. Each move weakens the enemy or strengthens the player’s mouse.

Pressure

The most distinctive element of combat is the Pressure system. Pressure is displayed to the player
via a central gauge with three main areas—at any given time, the combat can have one of three
pressure levels: low, medium, or high. This represents the different types of situations in which the
players might see themselves involved, as not all pressure situations will be aggressive, but rather
they could be persuasive or even appear to be logical. Pressure affects most of the actions taken by
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players in combat, and they will be expected to learn how to successfully navigate the different
pressure situations.

Figure 2: Concept art for the Pressure Gauge (art not final)

Each Power available to the player during combat has an inherent Pressure level, meaning that it will
be the most effective if used when the Pressure in combat is at that level. Additionally, characters
cannot bring all known Powers into combat but must rather choose what combination of Powers to
bring. As such, a character will not be prepared to navigate every kind of situation but rather will have
to learn how to keep a situation at a pressure level at which they’re most comfortable.

All in all, each character the player can take into battle and each enemy they face in the game will
thrive at a specific level of pressure. Adapted to the game’s lore: warriors are more forceful and thrive
at high pressure; mages are more logical and like mid-pressure situations; and rogues are more
subtle and casual, and look for low pressure situations.

In general, the Pressure system aims to communicate where pressure comes from, and how to deal
with pressure.

Dialogue and response tables

The mice don’t just talk randomly as they fight—they hold a conversation. The game is designed such
that each combat is kicked off with an opening remark from the bad guy, which is displayed at the top
of the screen. It will then be the player’'s turn to choose a move to attack the bad guy—when this
happens, the system will look up an appropriate response to what the bad guy initially said and,
depending on the pressure level of the move, will pair the response to the attack and display it.

As this goes on repeatedly, the mice and the bad guy will appear to be having a conversation as they
scuffle. Through all of this, the player will be learning of viable ways to respond to potential situations
with which they might not be comfortable dealing normally. However, the nature of the text will change
depending on the different attacks that are performed.

An example of this is as follows:
e Bad guy attacks, saying: “It feels so good. Think of all the fun you could be having”
* Depending on the Power the player chooses, the mice could say:
o ForaLow Pressure Power: “If it's so much fun, why are you trying so hard?”
o ForaMedium Pressure Power: “I don’t think | need you to enjoy myself”.
o For a High Pressure Power: “Do | look like | need you?”

We call these banks of responses “Response Tables”, which are crafted to cover all possible types of
responses to the bad guys’ remarks. The different types of responses come from the different
pressure levels of the Powers that the player might execute. A Low Pressure Power, for example, is
paired with a Low Pressure line of dialogue - and the same is true for other Pressure levels.
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"1 don’t need your fun. I’m better than this, I’'m stronger
~ than this.

'High Attack Low Defense_

| S |

Figure 2: Early concept art for game interactions (art not final)

A strong point of the game is the vast variety of attack phrases and possible responses. This ensures
that combat doesn’t feel overly repetitive while at the same time providing for enough repetition for the
players to become familiarized with the phrases. More importantly, this text appears to be secondary
to combat and the player does not, seemingly, need to read it at all to be successful in the game.
However, it is a head fake since the text is featured prominently on the screen and is visually
engaging.

The main strategies that dialogue in combat aims to teach are:
e Saying “no”.
e Giving a reason.
* Giving an alternative.
e Standing up to pressure.
e Stress management.
e Self motivation.

Missions and themes

Combat in the game is encased in Missions, meaning that players get to the different combats by
sending their Mice on Missions. Each of these Missions is comprised of sequential Stages and aims
to tell a contained story that moves the general story forward. Missions are straightforward: the player
sends a Mouse on a Mission, waits for the Mouse to reach its destination and then jumps into the
action by helping the Mouse confront the bad guys it encounters.

As the player progresses through the story, they will unlock new locations for their mice to go on
Missions. Each of these locations represents a real world setting. The reason the player's mice
explore these locations is because each of them is inhabited by a group of mice that, in one way or
another, have been affected by the Controllers.

Each group of mice, and consequently each game location, is presented within a theme. These
themes revolve around the central concept of Control as described earlier, and are presented as
follows:
* In the Park, the core emotion is Excitement.
1. Excitement without Control leads to Excess.
2. The player meets a mouse group that sought excitement, taking bigger and bigger
risks until they went too far.
* |n a Human House, the core emotion is Discipline.
1. Discipline without Control leads to Intolerance
2. The player meets a group of mice who, on their quest to distance themselves as
much as possible from the Controllers, languished into hermitage. These mice see
everything in terms of black and white, and persecute anyone they see as flawed.
* Inthe City, the core emotion is Rebellion.
1. Rebellion without Control leads to Chaos.
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2. The player meets a group of mice who were champions of brave and new ideas.
They were corrupted by the Controllers into rejecting everything around them in
service of making the world pay for the slights done to them.

* |nthe School, the core emotion is Community.

1. Community without Control leads to Conformity.

2. The player meets a group of mice who suffered from loneliness and loss. All they
wanted was to fit in, so they changed so much that they ultimately lost their sense of
identity.

* In the Suburbs, the core emotion is Confidence.

1. Confidence without Control leads to Arrogance.

2. The player meets the most powerful and proud mice. The Mouse Tribe became
arrogant, picking on other mice who they saw as being beneath them.

Recruiting new Mice

As the player moves along the story and explores the different locations, they will recruit new mice to
join their cause. These new mice will be members of the different groups they meet along the way. In
this manner, the recruiting mechanic supports the message of helping those in need and stresses the
fact that these mice are not beyond help. Rather, the player incorporates them to their group and
sends them on missions just like every other mouse in the group. These mice become part of the
family.

Blind Missions

Not all missions include a combat section. Rather, some Missions will require the player to send their
Mice to a location where they will need to fend for themselves. The player will need to choose the
Mouse that they feel fits the job better and trust that they will be able to do well on their own. This is
meant for players to send their Mice into the unknown, trusting that they will do the right thing.

Conditions

The most literal translation of messaging into game mechanics, Conditions represent long term
effects that affect mice. Metaphorically, Conditions are meant to represent the Mice being under the
influence of a specific substance or being put through a difficult situation. In terms of game
mechanics, mice can obtain conditions by failing at a combat or as a result of a blind mission.
Additionally, some new recruits might join the player’s group already with a condition that is a result of
their troubled past.

In the game, Conditions are always curable. No Mouse is ever lost totally to a Condition. This is
meant to represent the fact that any person who has a Condition can be helped. It's not a matter of
winning or losing, but rather one of working through problems with the help of others. Examples of
conditions in the game include: ashamed, alone, injured, dazed, and insecure.

Multiplayer

The multiplayer element in the game is light, but goes a long way in letting the player know that they
are not alone in their fight. Players are able to select a leader for their group of Mice, and enlist their
friends’ leaders’ help on missions. This way, it becomes evident that their friends are also battling the
same forces and they can even get a notion of how far into the struggle they are by comparing
against a friend’s level. The goal is to create a positive peer group for the player, to reinforce the
notion that there are people out there who are working toward the same goals.

Meeting the goals

All in all, the relationship between mechanics and goals is bidirectional. The game was designed to
meet the broader initial goals, but opportunities were seized during the development process to
address smaller but equally relevant goals via the use of game mechanics.

The design of the combat system is central to both the game experience and the messaging
embedded in the game, becoming the heart of the experience. It seems natural that the biggest part
of the messaging be carried forth by the main game system. The peripheral systems support the
central design and the central theming.
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In the periphery, Missions address bit-by-bit learning by equating it to sporadic gameplay. Conditions
help drive home the fact that there exist real world consequences to our decisions and that making
the wrong choice is not the end of the world—rather, there is help for those who seek it. The game
story guides the player through different high pressure situations by placing them deep inside different
conflicts that address real world problems; and at the same time it puts the player in contact with
characters that have had a hard time dealing with everyday pressures. Finally, the Multiplayer system
reminds the player that they are not alone in this fight.

Conclusion

The aim of this paper is to show a practical example of how game mechanics can be used in a game
to help support a core educational message. By exposing the development process and thoughts
behind this game, the hope is that other game developers might borrow from the methodology taken
in this project and apply it to the extent that they see fit in their own games.

By providing several examples of how the mechanics of the game propel the messaging while
retaining their value as fun game mechanics, the aim is to prove that it is possible to create a dialog
between the game’s mechanics and its educational messaging. Ultimately, the messaging should
drive the design to the same extent that the design drives the messaging.

The hope is that the fact that the development team for the project is comprised of both a traditional
game development studio and two nonprofit organizations serve as inspiration for other organizations
and studios to seek similar partnerships.
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Abstract: We argue that Anonymous aspires to a condition of aesthetics without art,
politics without the polis, and praxis without theory. It intervenes on the political,
economic, and social domains and does so by remixing a coherent and evolving
visual affinity space, often articulated through the imagery of video games. Put
differently, the iconography of Anonymous does not seek to foster communities, but
rather instantiate constantly shifting markers of affinity and participation through a
particular visual literacy. We argue Anonymous provides a new mode of political self-
portraiture, one in which there is a staging of the self that is, perhaps as any self-
portrait might be, an aspirational image.

Introduction

Anonymous is a leaderless, structureless, charterless internet-based grouping that has engaged in a
string of disruptive demonstrations and Internet hacking attacks on organizations ranging from the
Church of Scientology to major financial institutions. The group, if we can call it that, is noted for its
theatricality, its irreverent sense of humor and its love of anarchic Internet culture, values made
explicit here in this image taken in 2010 at an anti-scientology demonstration. The sign, as we see,
reads “Don’t worry, we're from the Internet” (Figure 1). However, this same photograph points to the
emergence of a recognizable iconography that has proliferated in “real world” global protests. This
evolving iconography is born out of the circulation of images drawn from sources as diverse as
Hollywood films, Internet memes, or computer games. Through its engagement with this new
iconography, Anonymous seeks to intervene in new ways on political, economic, and social domains.
This iconography is the product of a new visual literacy, a new visual grammar of design and meaning
making, (Kress, 2006) around which affinities, identities, and new knowledgeable practices gather
dynamically. Put differently, we argue that the iconography of Anonymous does not simply foster the
development of a static subcultural community, but rather instantiate constantly shifting markers of
affinity, identity, and participation through the demonstration of that visual literacy.

Figure 3: A physical Anonymous protest
Since the New London Group manifesto (Cope et al., 2006), an increasing number of scholars have

adopted the view that the “reading” and “writing” of new multimodal and multimedia representational
systems constitute new forms of literacy. This scholarship in “multiliteracies” has begun to investigate
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how representational forms from images (Kress, 2006) to computer game play (Squire, 2010) can be
understood as literacies. Social groups can use these symbolic systems—sets of images, videos, and
interactive media—to produce, share, and decode meanings. Recent work on affinity spaces has
characterized these semiotic systems, these multiliteracy domains, as the glue that holds otherwise
anonymous online social spaces together (Gee, 2006). What these studies reveal is that in online
spaces these unique literacy domains and symbol systems become the primary means through which
participants express their identity and affiliation with a given social group. Anonymous, in particular,
utilizes a very distinctive genre of images to express identification and affiliation, chief among which
are the specific images of the Guy Fawkes mask and the empty suit.

Political Protest, Performance and Image Production

The extent to which the Guy Fawkes mask had become a symbol of disruption and protest was made
clear in legal actions taken by the Spanish Government against Anonymous. On June 10, 2011, the
Spanish National Police announced their triumphant arrest of three alleged leaders of Anonymous for
hacking attacks against the cyberinfrastructure of Spain’s Central Electoral Board, Spanish banks
BBVA and Bankia, and the Sony Playstation Network among other institutions. Spanish police
trumpeted the arrests in a large press conference (Figure 2), claiming that they had created a vacuum
by unmasking and apprehending leaders in the worldwide Anonymous organization. As their primary
evidence against the accused, police proudly presented Guy Fawkes masks that they had seized
from the suspects’ apartments, alongside images of IRC logs, digital recordings of the perpetrators’
online chat communications.

\\\ ¥

Figure 4: Spanish national police trumpet Anonymous arrests

The Spanish national police’s claims to have arrested the leaders of Anonymous proved dubious. On
the same day as the press conference, anonops, a self-declared online press office for Anonymous,
published an image of a red V with the caption “expect US”, adopting the iconography of the graphic
novel and film V for Vendetta. The following day, a large-scale distributed denial of service (DDOS)
attack, called “#OpPolicia” by Anonymous, was launched against the Spanish government, shutting
down the official national police site for several hours. In the weeks following this incident,
cyberattacks in Spain continued to grow in number rather than dissipate. Retaliations against the
arrests knocked out the websites of Spanish banks and telecommunications firms, while a number of
video polemics on sites like Youtube denounced the corruption of the Spanish government, financial
system, and law enforcement. Around the time as this press release, the following image was posted
on several websites. Using the press conference photo, the image was manipulated (Figure 3), the
officer’s faces crudely removed and switched with the masks they originally held in hand. They were
widely circulated on Internet blogs and discussion sites as humorous evidence of the police’s inability
to understand how Anonymous operates and how swiftly this headless entity could wreak its
vengeance on official bodies.
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Figure 5: Police press conference images manipulated

Gaming and the Visual Literacy of the Paypal Raid

Anonymous corrals a set of visual representations as a means gather up potential participants to
constitute a new force to disturb the impassive surface of the status quo. Using often darkly humorous
image has been key to the efficacy of Anonymous actions. In the absence of organization,
membership or even community, viscerally resonant images mediate political praxis. These images
are distributively authored by Anonymous to incite protest in the form of hacking, doxing, and
pranking. But perhaps more significantly, Anonymous mobilizes this visual language in order to
promote the use of participatory digital tools in political protest.

It should be noted that the manipulated image was released independently of the Anonops press
release, that the identity of the author or authors of images or statements cannot be determined. And
it is also notable that is production required little more than the most basic grasp of a program like
Photoshop, or better yet Gimp, the open source image editor. This is not the product of several hours
of considered, meticulous work but, rather was hastily executed in order to circulate the altered image
as quickly as possible as a comic response. Timing’'s everything in a joke, and the humor of this
image was immediately recognized. It was posted and reposted in blogs, message boards, and even
Internet news sites within hours of the retaliatory hacks. The efficacy of playful imagery, the
importance of engaging with the potential participant through humor is absolutely central role to
Anonymous actions. In the absence of organization, membership, or even community, images
mediate political praxis. Their “operations” are imagined, advertised, and coordinated through images,
many of which use of simple graphic formats that can be easily rescaled and reworked without loss of
resolution. Anonymous affiliated message boards offer advice about how best to manipulate images,
often provide templates to facilitate the hijacking of existing genres of images like motivational or
movie posters. These images often tap into fantasies of battling evil readily found in graphic novels
and Hollywood action flicks.

What emerges is an anarchic, distributed and participatory pedagogy that teaches potential
participants about the tools at their disposal. It does not end, however, with the production of what
amount to propaganda posters. Far from it. The posters (Figure 4) are as instructional as they are
promotional, and they often include crucial information to guide would-be participants in Anonymous
to web sites or chat channels to learn the basics of hacking. The participatory and disruptive tools that
Anonymous develops and distributes often give even novice computer users the ability to cause
disorder and turbulence to Internet infrastructure. And just as the visual media of Anonymous tap into
the heroic imagery of popular fiction, its tools for political action often leverage the embodied practice
of playing a multiplayer computer game, as we see with this image derived from a Team Fortress 2
poster (Figure 5).
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, channel
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Figure 6: Instructional image for digital Anonymous protest
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Figure 7: Operation payback promotional image

Take for example the case of Anonymous’ Operation Payback, also called Operation Avenge
Assange. In early December 2010, major financial corporations like Paypal, Mastercard, Visa, Bank of
America, and PostFinance began what was tantamount to a financial blockade of the whistleblower
organization Wikileaks. In the first week of December, these companies, one by one, announced that
they would stop processing financial transactions involving Wikileaks, cutting off the non-profits
foundations ability to accept donations that were its major source of funding. Outraged at what they
called an attempt by major corporations to limit freedom of speech, Anonymous affiliates began
circulating calls for action. On December the 8", thousands of Internet users participated in an
Anonymous-led distributed-denial-of-service attack (DDOS), flooding the servers of Visa and
Mastercard, knocking their websites offline and slowing their payment systems.

These attacks employed Anonymous-created software called the Low Orbit lon Cannon (Figure X6),

which enabled the coordination of large numbers of users’ computers in a distributed-denial-of-
service, or DDOS, hacking attack. A DDOS attack is an attempt to make an Internet-based site or
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resource unavailable to computer users by preventing it from functioning properly. In most cases it
involves pools of networked computers inundating a targeted site with false communications data
protocol requests. As a rough metaphor you might imagine hundreds of people simultaneously calling
your phone for hours or days at a time, making the phone line register as busy and preventing anyone
who actually wants to call you from getting in touch with you. It has been argued that the distributed
denial of service attack can be the digital equivalent of civil disobedience, an act distributed mass
political defiance, a denial of the extant digital order. LOIC software made the steps required to have
a computer voluntarily participate in a DDOS attack as easy as a click of a button in a computer
game. The Anonymous poster with the caption “Low Orbit lon Cannon: When Harpoons, Airstrikes,
and Nukes Fail” hyperbolically announces the grand ambition of this tool, tongue in cheek. The
interface design, and even the name of the software, was borrowed from the interfaces of computer
games like Command and Conquer 3. The fire button reads “Imma Chargin Mah Lazer,” a reference
to a popular meme from the anime Dragonball Z. This software was designed so that the user need
not have a full grasp that his computer would be used to send out large amounts User Datagram
Protocol (UDP) echo requests to certain Internet Protocol addresses in an effort to overload a server’s
bandwidth. Instead it adopted the metaphor of a cannon in a video game, “shooting” projectiles at its
target, participatory political action at the push of a button. And in case clicking the button was too
difficult for some users, or if the interface was too confusing for the novice, Anonymous distributed
instruction manuals detailing what exactly to how to engage with the interface (Figure 7).

5
5l Low Orbit Ion Cannon | U dun goofed | v. 11114 [
C server Po Channe

Stop flooding

‘ Lock on

66.211.169.2

Append random chars to the message

eet_dreams_from_AnonOPs

Figure 8: Low Orbit lon Cannon (LOIC) Interface
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Low Orbit lon Cannon | When harpoons, air strikes and nukes fail | v.1.0.0.0

Praetox:com

WHAT IS THIS SHIT? = LOU ORBIT ION CANNON CLOIC) IS A TOOL THAT ALLOWS THE USERCS) TO TAKE OUT WEBSITE OFFLINE VIA A “DISTRIBUTED

DENIAL-OF-SERVICE ATTACK" (DDOS ATTACK). IT BASICALLY OVERLOADS THE SERVER AND HENCE CAUSES THE WEBSITE TO CLOSE DOWN. THIS TOOL IS
GREAT FOR TAKING OUT SMALL WEBSITES. IN ORDER TO TAKE OUT BIG WEBSITES, YOU WILL NEED A LOT OF PEOPLE DOING THIS AT THE SAME TARGET.
ddos attack: Pr\vfal -of - <;che attz = f-s att urce unava!\abl;} to its intended users. fThE
means to, motives for, and & , m s n Internet site or service from

functioning efficiently or at riy or indefinitely. Perpetrators of DoS attacks typically target sites or service - h as banks, credit card payment
gateways, and even DNS root servers. High-profile targets often have many users attacking the intended target at the same time. Low gets don't need as many users.

Figure 9: Step by step instructions for LOIC operation

And Anonymous’ DDOS attack was quite different from the typical cyberattack in that it was voluntary.
Characteristically DDOS attacks occur when hackers use a master computer to command botnets to
attack a targeted server. Botnets are large groups of computers, often at large corporations or
educational institutions that have been hijacked using malicious software. In the case of the attacks
on Visa, Mastercard, and Paypal, however, Anonymous did not rely upon botnets or hacked
computers at all. Instead, a new, customized version of the Low Orbit lon Cannon software allowed
users to link their computers together voluntarily, via Internet Relay Chat, in a “Hive Mind” mode that
automatically coordinated attacks on the targeted Internet service. Some commentators remarked
that it was the first instance of online civil disobedience, the digital equivalent of linking arms and
sitting down in a doorway. These hacking tools distributed by Anonymous enabled anyone with a
computer to participate in the disruption of social power structures, as they are articulated in digital
space, through a kind of irreverent play. As serious as the consequences, as serious as the intent, the
tools developed and the visual materials imagine their actions as part of a game, played with real life
consequences (Figure 8). In important ways, these actions emerge as much out of a sense of
collective injustice that provokes a series of actions. However serious the consequences, the design
of the plot, the promotion and staging of the action, participation takes place in part for the laughs, or
to take an internet neologism for laughing out loud, they’re doing it for the Lulz.
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LOW-ORBIT ION CANNON

When the harpoons, air-strikes and nukes fail.

Figure 10: LOIC promotional imagery

We bring attention to this particular tool, and to the visual promotional materials associated with it in
part to show how elaborately Anonymous stages its actions. It takes the prankster impulse and
transforms it through relatively simple technologies and software for use in projects of distributed
digital disruption. Such pranks require technological masks, in this case, proxies to hide the identity of
participants. But masking, more generally, plays a central role in Anonymous’ activities more
generally. In actual demonstrations the use of masks and wearing the suit enables role-playing, and
the establishment of a peculiar kind of political theater.

The Mask & The Mob: Imagery as affinity space
We'd like to argue that the use of the mask and the headless suit constitute props in a staging of self.
We described this at the start of our lecture as modes of political self-portraiture.

The headless suit and the Guy Fawkes mask should be understood as part of what has come to be a
shared marker of Anonymous whose efficacy is predicated on its use. Anyone can use these to
become Anonymous. And as we pointed to at the start of the paper this is a transnational
phenomenon. Anonymous, or at least individuals swathed in its costumes, have appeared in protests
around the world. In the wake of the arrest of the Spanish youth allegedly perpetrating Anonymous
attacks, demonstrations have taken hold of that country in the intervening months. In preparation for a
call to action in October this year, Guy Fawkes masks quickly sold out.

We would like to close with this image of these young men dressed up in suits and ties, canes, and
pinky rings, and the Guy Fawkes mask (Figure 1). The suits are cobbled together from stuff from the
back of these young men’s closets, suits they are probably not used to wearing on a regular basis,
rumpled shirts not quite ironed out, collars hardly starched and their ties tied in knots unknown to the
Windsors, half or full. But they wear the suit nonetheless to emulate the image of Anonymous as an
entity comprised of many, whose identities cannot be wrest apart, whose participation in actions
dissolve into thin air once the mask and costumes are removed. In this masquerade, protest and
demonstration lay the stage for playing the part of the super hero, in the online DDOS attacks, a
vigilante army battling corporate evil.

As we have argued over the course of this paper, Anonymous provides a new mode of political self-
portraiture, one in which there is a staging of the self that is, perhaps as any self-portrait might be, an
aspirational image. What we find in this photograph (Figure 1) is a group of young men emulating the
images of the entity Anonymous online, responding to calls made on its behalf, promoted through
posters anonymous individuals made, learning tactics this distributed entity what has come to teach.

Conclusion

The iconography of Anonymous results from the nexus of a number of literacy practices, and
represents a central means by which participants express their identification with the collective, and
seek to garner the participation of others. These literacy practices are expressed in the production of
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original digital images, the development of tools for disruptive protest, the appropriation of visual video
game interfaces, and the remixing of imagery from popular media. These images result from the
confluence of a number of different sociotechnical networks, as they circulate, frequently altered and
detourned, from Hollywood films and major studio video games to image boards, chat channels,
weblogs, and message boards (see Latour, 1987). The iconography itself is the result of the
assemblage of a number of different texts, images, practices and discourses by participants in
Anonymous. The software tools, design practices and aesthetic knowledge needed to undertake this
remixing and reassemblage are provided in Anonymous-affiliating websites and forums, and taught in
the group’s chat channels.

The context in which the iconography is generated and distributed should not, however, overshadow
the powerful response it engenders. The aesthetic quality of this imagery, and the way it calls forth
potent feelings and actions, should not be lost in a discussion of the mechanisms of production and
distribution (Leander & Frank, 2006). The aspirational imagery of Anonymous serves as a mass call
to political action, one that seems to have very substantial resonance with those who respond.
Research on the new literacies—on games, on online writing, on multimodality, on media
production—often seems to ignore the way in which aesthetics are integral to the representational
forms they investigate. Though the excitement this imagery provokes is undoubtedly bound up in its
unique modes of production, its power lies in its affective capacity to engender a visceral and excited
feeling of involvement and action, for better or worse. Anonymous reminds those studying digital
literacies would do well to remember that feeling can be tied closely to meaning (see Lemke, 2010).
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Abstract: In this paper, we delve into the connections between multiple methods for
investigating game-based learning. We focus on three, connected analyses related to
a single case (uncovering computational thinking in the play of the collaborative
strategic board game Pandemic). We describe an approach for connecting content
analysis, learning analytics, and d/Discourse analysis into a framework that both
meaningfully chains quantitative and qualitative methods, as well as provides a useful
means to generate new hypotheses for future games and learning research.

Introduction

In recent years, games and learning research has often focused on the important role that these
forms of interactive media may play for understanding situated forms of learning and literacy within
contemporary media cultures. And yet, much remains still unexplored in terms of determining
efficacious ways to employ and synthesize multiple methodological approaches toward uncovering
learning in complex game play environments. If a goal for this growing field is to understand how the
play of games gives rise to learning practices, we posit that it is important to better understanding
levels of analysis in capturing the learning present within game play. We are faced with the critical
task of understanding the appropriate lenses by which we can investigate learning practices, as well
as how to connect the insights learned through each.

In the present study, we describe a multi-methodological approach to the understanding of learning,
illustrating the connections between methods through the analysis a single case of game-based
learning: the forms of computational thinking that arise during the play of Pandemic (Leacock, 2007),
a collaborative board game. Through a multi-site study of player talk through multiple runs of the
game, we attempt to uncover learning on multiple scales, with three major methodological
approaches employed. In doing so, we attempt to delve into the variety of learning practices and
activities engaged upon by participants by “triangulating learning” through the use of three
approaches: content analysis, learning analytics, and d/Discourse analysis techniques. We
hypothesize that a coordinated attempt to understand learning across multiple scales may reveal both
how computational thinking is instantiated in the practices of game play as well as how we may
usefully focus on multiple scales of analysis to investigate learning in games.

In the following sections, we first describe the overall program of investigating computational thinking
in Pandemic, then a brief description of each of these three approaches, finally discussing lessons
learned on the applicability of these approaches for understanding computational thinking (e.g., Wing,
2006; National Research Council, 2010). We attempt to further the goal of better connecting multiple
methodological approaches for the explication of learning with games (be they digital or otherwise),
while investigating what this combination of analytic techniques may tell us about understanding
learning in play-based spaces.

Computational Thinking in Pandemic

Berland and Lee (2011) established Pandemic (Leacock, 2007) as an interesting and important site
for investigating computational thinking in games. A collaborative strategic board game, Pandemic
requires between one and four players in the basic game, all working together to rid the planet of four
diseases concurrently ravaging the globe. Each player adopts a different role in the game, with
different abilities but a common goal of clearing the board of the diseases (participants either achieve
this goal collectively, or all fail). As the game is entirely collaborative, it has served as a useful site to
capture the ways that complex problem-solving practices are embedded within an off-the-shelf
game’s play, and are exhibited through discussion.

In a series of studies conducted at two universities in 2010 and 2011, we studied how participants
played Pandemic, focusing on the forms of computational thinking displayed in their verbal exchanges
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while playing the game. We created new rule manipulations intended to elicit different computational
thinking practices (including “Strategy Debugging,” “Rules Debugging,” “Simulation,” “Algorithm
Building,” “Conditional Logic”; see Table 1 below). In each case, all talk during the game was
recorded, broken down by turns in the game, and matched with individual participant roles within the
game.

Site | n | Additional Rule Hypothesized Change in Comp Thinking

Group 1 | Texas | 4 | No Rule Change/ “Vanilla” | Control Group

Group 2 | Texas | 3 | No Rule Change/ “Vanilla” | Control Group

Group 3 | Texas | 3 | “Cheat Sheet” Increase in Strategy Debugging
Group 4 | Texas | 2 | “Cheat Sheet” Increase in Strategy Debugging
Group 5 | Ohio | 3 | “Ghost Player” Increase in Simulation

Group 6 | Ohio | 2 | “Ghost Player” Increase in Simulation

Group 7 | Texas | 2 | “Disease” Increase in Rules Debugging
Group 8 | Texas | 4 | “Disease” Increase in Rules Debugging

Table 1: A breakdown of all eight groups.

And vyet, with this raw data, multiple scales of analysis presented themselves as useful for
understanding computational thinking within this environment. In the following sections, we outline
three approaches, connecting nomothetic (between-subjects, analyzed in the aggregate) to
idiographic (focused on the individual) approaches, first applying content analysis coding schemes to
understanding the prevalence of computational thinking practices. Next, building upon the content
codes, learning analytics approaches were employed toward investigating idealized paths through the
problem spaces of the game. Finally, from these, d/Discourse analyses are used to capture specific
meaning-making exchanges within the gaming transcripts. In the following sections, we will trace one
chain from content analysis to learning analytics to d/Discourse analysis from data in the ongoing
computational thinking in Pandemic research, as a means of illustrating the connections between
methodologies and scales of analysis. For details on the specifics of computational thinking within
collaborative board games, we suggest the reader reference Berland and Lee (2011) or Berland and
Duncan (2012)—for the purposes of this paper, the emphasis will be on methodological concerns and
ways to connect multiple scales of analysis.

Content Analysis

As detailed in Berland and Lee (2011) and in Berland and Duncan (2012), an early inclination with
studying computational thinking in this domain is to first characterize the prevalence of computational
thinking in game play, as assessed using an a priori coding scheme (a la Steinkuehler & Duncan’s,
2009, assessment of informal scientific thinking in online gaming spaces). With this approach, the
prevalence of each hypothesized code was determined, as well as the differences between each
experimental condition (different rule manipulation, as in “Vanilla” or “Cheat Sheet”). A set of four
coders iterated a computational thinking coding scheme, coding 366 player-turns (6870 individual
utterances), and achieving an inter-rater agreement of over 95% on this coding scheme. Please see
Figure 1 below for a simplified breakdown of the results from this stage of analysis.
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Figure 1: Content analysis code saturation by condition.

As can be seen in this graph, analyses of this sort are necessarily conducted in the aggregate—
participant talk is coded by turn, tallied for each of the codes, and then assessed both graphically as
well as for statistical regularities (see Berland and Duncan, 2012, for detailed analyses beyond the
scope of this paper). In sum, the approach laid out here is nomothetic in nature—aimed at addressing
the overall prevalence of computational thinking practices, and assessing the influence of
modifications to the game in a between-subjects manner.

How might we use these data and analyses, then, to help us move past a scale of analysis that
characterizes the collection of design talk in the aggregate, while valuing the lessons learned from this
level of analysis? In the next section, we outline an approach that builds upon the content analysis to
provide a hypothesized idealized path through the problem space of the game.

Learning Analytics

One useful approach is to focus on “learning analytics,” or hypothesized, idealized path based upon
the data gleaned for the content analysis scale of analysis. If the first stage is to identify regularities
and patterns in the entire corpus of talk present within the game, the next is to develop generalized
insights that help us to understand not all of the activities present within the play of Pandemic, but
instead a “distilled” set of these computational thinking practices, connected into a path of activities.

To determine a trace (as per Berland, Martin, Benton, Ko, & Smith, submitted), we found the most
likely transitions between "types" of logic. This is an exploratory measure designed to further highlight
relationships between these data. In this case, we were interested in an ordering of the computational
thinking codes in the data. To determine the ordering, we collected all of the instances in which a turn
showing a particular code (say, Algorithmic Thinking) followed another turn with a different code (say,
Conditional Logic); this is called a (first-order) transition. A second-order transition would find all of the
instances in which one code followed another code then followed another code. We computed the
complete set of first- and second-order transitions for our dataset and solved for the highest likelihood
ordering of transitions (1). This method allows us to see broader-scale relationships across our
dataset so as to identify patterns to investigate more thoroughly at the discourse level. Below, in
Figure 2, we present the elements of a trace focused on “Strategy Debugging.”

92



[ Algorithm Building ]

Y
[ Rules Debugging ]

Y
[Strategy Debugging ]

Figure 2: A learning “trace” abstracted from learning analytics methods.

In the Pandemic work, we first identified the prevalence of these computational thinking practices,
then employed a second-order, computational method for tying these codes to one another. By
creating a hypothesized chain computational thinking practices (of Algorithm Building — Rules
Debugging — Strategy Debugging), we argue that learning analytics provide a useful “glue” between
nomothetic and idiographic approaches, serving as to filter insights developed from content coding to
further justify the selection of data to qualitatively analyze using d/Discourse analysis methods.

d/Discourse Analysis

Using the Algorithm Building — Rules Debugging — Strategy Debugging chain, we can now apply
conclusions drawn from Learning Analytics toward the selection of data for qualitative analysis. As
Duncan (2011) argued, d/Discourse analysis methods—including Gee’s (2010) “big-d Discourse
analysis™—suffers from the problem of how one justifies the selection of data to analyze. That is, if it is
important to connect insights gained from idiographic methods to other means of understanding
game-based learning (and scales of analysis), then determining principled ways of selecting the data
for such analyses becomes a critical task.

In the case of computational thinking in Pandemic, we can take what’s learned through the Learning
Analytics approaches to find an exchange of interest. In this specific case, it means following the
chain from content analysis (determining the prevalence of computational thinking codes) to learning
analytics (determining an idealized path through the problem space of the game) through to a case of
the talk between participants that fits the idealized path. While typicality is clearly not the only means
of justifying the selection of data for d/Discourse analyses, the chain of previous analyses leads the
researcher to investigate how meaning is made and negotiation occurs in the course of some of the
most common moments in the play of game.

Take, for example, an Algorithm Building — Rules Debugging — Strategy Debugging chain found in
the Pandemic data: turns 9 through 11 of Group 6 (see Table 1, above). In this case, the game was
taking a turn for the worse—two players (“White” and “Red”) had misunderstood an earlier rule that
was now beginning to impact their game, and in turn 10, in particular, they attempted to debug the
rules that were clearly beginning to malfunction (and impair their progress). A selection from Group 6,
turn 10, is replicated below, focusing specifically on terminology used to flag individual actions (in
italics; emphasis ours) with group strategies/actions (in bold) and actions of a “Ghost Player”
controlled by both other players (underlined):

1 - White: “Okay, my turn. I'll take out Cairo first, since we just drew that card, 1,2,3 - so three
turns. Should we take out all 4 in Cairo, why not? We don't have anything else to do.”

2 - Red: “Yeah.”

3 - White: (reading card) “Research station..” Oh wait, where should we add it? Here? No, it
doesn't matter...”

4 - Red: “Okay, here.”

5 - White: “... then draw 2 of these...”

6 - Red: “...alright.” (moves game tokens and cards)

93



7 - White: “Okay, take 1, 2, 3, cure disease - in order to cure disease you play 4 cards and now
(reads cards & moves cards) St. Petersburg, add 3 cubes to any city, which one is it? Wait a sec -
if the epidemic causes... but we have the cure for it, don't we?” (grabs instruction book)

8 - Red: “Doesn't it mean...” (looks to instruction book) “Let's just go over the cure...”

9 - White: “/ don't know...” (reads from instruction book) “... if your pawn, discovered cures...”

10 - Red: “Oh, okay, we've eradicated it.”

11 - White: (reading from book) “...cards of this color... okay, it doesn't matter, so screw the blue
card.”

12 - Red: “Even though we are in epidemic?”

13 - White: “Yeah, that was on there, / think that's all it means is, it's on the (points to board)

14 - Red: “Okay, yeah, alright...”

15 - White: “Is it your turn?”

16 - Red: “You just went?”

17 - White: “He just went, we eliminated this disease now.”

18 - Red: “Yeah.”

19 - White: “So, we're done with blue...”

20 - Red: “I say - um - I mean it's your -”

21 - White: “Your turn, it's 6 cards now, we can't toss 7.”

In this exchange, we see an interesting balancing between three individual (two real player, one
Ghost Player) and collective actions, while also attempting to unpack the cause of a malfunctioning
rule (coded as “Rule Debugging”). In this case, the interesting mixture of individual and collective
goals gives way to a set of collective, collaborative goals, before finally turning into confusion as
players try to remember whose turn it is next.

We can drill down past the aggregate or even hypothesized traces through the content codes, and
investigate the specific exchanges that may serve as foundational for potential further studies. In this
case, a cursory examination yields an interesting interplay between participants over strategies—
White first lays out a strategy for both him and Red to enact (utterances in lines 1-7). Next, as
confusion arises over the game’s rules (end of line 7), both players refer to the game’s instructions in
order to clarify it, and, most interestingly (lines 15-21) end the turn with confusion over their individual
roles in the game (“Is it your turn?” in line 15, and “l say - um - | mean it’s your -” in line 20). Thus, a
new hypothesis emerges—a focus on Rules Debugging may be correlated with a focus on the
collaborative goals, and thus confusion regarding individual strategies and responsibilities.

By “drilling down” from the content analysis to the learning analytics and then to a d/Discourse
analysis level, the framework outlined here both fleshes out exchanges that may not have been
adequately capturable with a nomothetic approach such as content analysis, and provides future
avenues for investigation into the nature of collaborative problem-solving and computational thinking.

Multiple Scales of Game-Based Learning

As we have argued through this brief example, much can be learned through the exploration of
multiple methods, and the principled connection of methods toward the investigation of different levels
of complex learning practices in games. In Figure 3 below, we can lay out a general framework for
connecting these three methods, as well as identifying the forms of data that are applicable to each
method, as well as the kinds of claims/uses of each scale of analysis.

; Data - Aggregate
Contont Analysis Claims - Regularities across individuals
; - Data - Content Analysis
Learning Analytics Claims - Hypothesized ideal process
) ) Data - Individual (Filtered by Learning Analytics)
d/Discourse Analysis | 7ims - Meaning-making between individuals
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Figure 3: A general framework for connecting methods and scales of analysis.

Though at this point this is a provisional framework, it does lead us to suggest that there is utility in
specifying the ways that different methodologies connect to provide a better understanding of the
different levels of complex reasoning that occur in game-based learning. In the case of Pandemic, we
can develop a characterization of the aggregate activity through the use of content analytic
approaches, while using learning analytics methods in a more-or-less instrumental fashion, to clarify
ideal paths through the problem space of the game and to justify the selection of data for d/Discourse
analyses. Connecting the nomothetic and idiographic approaches in this fashion allows the research
to address both the typicality of a particular kind of learning practice, as well as raising new questions
about the phenomena under study often best uncovered through a careful read of individual
exchanges.

In general, developing principled ways of connecting multiple levels of analysis and employing
multiple methods can help us to (1) justify the selection of data used in qualitative methods used to
uncover learning and literacy in game spaces; and (2) give us cause to investigate the ways that
complex problem-solving and learning may instantiate in very different ways at different levels of
analysis. In game-based learning in particular, there is an increasing call for researchers to
quantitatively justify claims about the productive potential of these media, while at the same time,
many of the most intriguing learning practices are best uncovered through qualitative analysis. We
argue that formally connecting the quantitative and qualitative may help to address both the need for
“harder” data to substantiate claims of game-based learning, while also addressing the socially- and
culturally-situated forms of learning that are part and parcel of engaged gaming talk.

Endnotes
(1) While this trace is generated from the Markov chains, it is not itself a Markov chain (for more detail, see
Berland, Martin, Benton, Ko, & Smith, submitted).
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Abstract: While problem solving is lauded as a benefit of video games, little empirical
evidence exists to support this assertion. Current definitions and taxonomies are
often contradictory and do not capture the complexity and diversity of modern games.
Many video game researchers are also unfamiliar with the 75+ years of problem
solving research in Europe and the United States. We propose a classification of
gameplay that accounts for the cognitive skills during gameplay, relying in part on
Mark Wolf's concept of grids of interactivity. We then describe eleven problem types
and the dimensions along which they vary. Finally, we use the shared dimensions of
gameplay and problem types to align gameplay types and problems. We believe that
this framework for thinking about games and problem solving can guide future design
and research and design on problem solving and games.

Statement of the Problem

Many have argued that games address critical thinking and problem-solving skills (e.g., Gee, 2007;
Greenfield, 2010; Van Eck, 2006 & 2007). Unfortunately, what research exists on this tends toward
the descriptive rather than the empirical. Descriptive analysis can illustrate how some kind of problem-
solving process is occurring within a game (e.g., scientific method), but it cannot tell us about the kind
of problems, how often they occur, for how long, and, most importantly, how effective a given game is
at promoting problem solving sKills.

Unfortunately, we are not prepared to conduct the kind of research that will answer these questions.
Current game taxonomies are inconsistent and often contradictory, having their origins in film studies
and relying on common parlance. Conducting empirical research on problem solving and games will
require that we be able to manipulate and control for different types of games so that we can examine
what kinds of games promote problem solving better than others. At the same time, we recognize that
games that share the same genre can be very different experiences and that some games cross
genre boundaries (e.g., action-adventure). Even were this not the case, any given game is likely to
vary in terms of pace of play, amount of interactivity required, number of problems presented, and so
forth. These are differences that must somehow be accounted for if we are to examine how any given
game impacts problem solving.

This challenge is compounded by a lack of awareness on the part of most serious games researchers
regarding existing problem types and problem-solving research. We require the same level of
precision in our treatment of problem solving as we do in our definition of game typologies. To design
a game to promote problem solving, we must know what kind of problem we are interested in:
creating a menu for guests who have different diet restrictions, troubleshooting a car that won't start,
diagnosing a patient’s back pain problem, or solving global warming? Each type of problem differs
significantly in structuredness, requirements for prior knowledge, ability to embed other subproblems,
and cognitive structure, and therefore require different means of instruction (or game design).

Fortunately, cognitive psychology and instructional design have been studying problem solving for
many years, and a rich body of research exists which can help inform our studies and design of
problem solving in games. In this chapter, we attempt to bridge theory and practice by examining the
relationships between games, problems, their cognitive processes, and instructional design.

Problem Solving

It is generally accepted in cognitive psychology that a problem has an initial state and a goal state.
The initial state is the set of information and resources present at the beginning of the problem. The
goal state is the information and resources that will be present when the goal has been met. The
problem solver uses a representation of that goal state when considering how to proceed, which
usually takes the form of doing things to reduce the disparity between the initial state and the goal
state. The strategies s/he uses and the process by which s/he thinks about moving toward the goal
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state within the constraints of the problem and his/her prior knowledge are collectively referred to as
the problem space. Most recently, Jonassen (2000, 2002) and Jonassen and Hung (2006, 2008) have
proposed a typology of problems and associated prescriptions for the design of problem-based
learning and instruction to promote problem solving in general. If games themselves are examples of
problem solving, they should share to the same kinds of characteristics as different problems have. A
closer inspection of this literature to see if and how it can be mapped to the study and design of
serious games may yield important findings.

Games and Problem Solving

Jim Gee (2007) has argued that all games are situated, complex problem solving, and others have
made the same point (e.g., Kiili, 2007). The core of our argument is that problems are highly
differentiated by context, purpose, and domain, that different types of gameplay have their own
affordances, and that it is necessary to understand problem types and gameplay types in order to
align them meaningfully in the design of games to promote problem solving, or to conduct research on
the effects of gameplay on problem-solving skills. There are three dimensions upon which a problem
itself may vary: structuredness, cognitive components, and domain knowledge. Space does not allow
a full accounting these dimensions, and the reader is referred to our work on this elsewhere (Hung &
Van Eck, 2010). Likewise, we rely on an in-depth analysis of gameplay types, which we are able only
to touch upon here, and the reader is referred to the aforementioned chapter for full accounting of
gameplay types and interactivity.

Problem Structuredness

Jonassen (1997) argues that structuredness describes the reliability of the problem space in terms of
the ratio of the information about the problem known and unknown, the number of variables, the
number of possible solutions, and the degree of ambiguity involved in being able to assess one's
success in solving the problem. Video games (or, more precisely, the gameplay that makes up
different video games) also vary on a continuum from highly structured to poorly structured, so
structuredness becomes one dimension upon which we can categorize both games and problems.

Cognitive Processes in Problem Solving

Solving different problems also relies on different kinds of cognition. There are six main cognitive
processes relevant to problem solving as we discuss it: Logical thinking (the mental process that
infers an expected event as a result of the occurrence of its preceding event or evaluates the validity
of the conditional relations of these events); analytic thinking (identifying and separating an object,
essay, substance, or system into its constituent components, examining their relationships as well as
understanding the nature, behaviors, and specific functions of each component); strategic thinking (an
integration process of synthesizing and evaluating the analytical results of a given situation and
generating the most viable plan with intuition and creativity); analogical reasoning (the mental process
by which an individual “reason[s] and learn[s] about a new situation (the target analogue) by relating it
to a more familiar situation (the source analogy) that can be viewed as structurally parallel” (Holyoak
& Thagard, 1997); systems thinking (the cognitive reasoning processes that consider complex,
dynamic, contextual, and interdependent relationships among constituent parts, and the emerging
properties of a system, (Capra, 2007; Ossimitz, 2000); and metacognitive thinking (the cognitive
process that an individual is consciously aware of and which he or she articulates to various aspects
of his or her own thinking processes). Different problems and different kinds of gameplay will support
these types of thinking in different ways. Therefore, they become important for understanding how
gameplay and problem solving can be aligned.

Classifying Gameplay Types using iGrids

The variance of problems along dimensions of structuredness and cognitive processes presents one
challenge to the research and development of games for promoting problems solving. Yet games
themselves vary greatly as well, as can be seen in classification systems (e.g., Apperley, 2006;
Frasca, 2003). And because no one classification system is widely accepted nor completely
compatible, our task is made even more difficult. Games often employ multiple gameplay strategies
from different genres within the same game, leading to hybridized descriptions like action-adventure
that work against meaningful classification. So how are we to distinguish among games (or types of
gameplay) in a way that makes possible the empirical research and design of games to promote
problem solving? While serious game researchers may not agree on different game genre
classifications, most might agree that interactivity is one of the hallmarks of video games. This
provides one means of classifying gameplay in a way that crosses all game types:
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The smallest unit of interactivity is the choice. . . . Choices are made in time, which
gives us a two-dimensional grid of interactivity that can be drawn for any game. First,
in the horizontal direction, we have the number of simultaneous (parallel) options that
constitute the choice that a player is confronted with at any given moment. Second,
in the vertical direction, we have the number of sequential (serial) choices made by a
player over time until the end of the game (Wolf, 2006).

Wolf (2006) calls this a Grid of Interactivity, and we refer to them as iGrids. Frequency of choice and
number of choices make good initial measures of pace, complexity, and cognitive load, and we
believe these constructs impact problem solving and problem typology differentially. Wolf points out
that it is not possible to map an entire game space on a graph, nor do we mean to suggest they
otherwise. Nonetheless, such plots remain a useful tool for conceptualizing the issue of interactivity
and one which we can rely on as a first step to further defining the kinds of gameplay that differentially
support different problem types.

Although genre-based taxonomies of games are problematic, for now we will refer to genre-based
terminology for the purposes of illustration. To understand an iGrid, imagine Aristotelian archetypes of
different game genres such as “action” and “simulation” (see Figure 1).

Frequency of Choice Nexus
(Serial Interactivity)
Frequency of Choice Nexus
(Serial Interactivity)

Number of Choices Number of Choices
(Parallel Interactivity) (Parallel Interactivity)

e.g., Left 4 Dead (Valve, 2008) e.g., Civilization Series Games
Figure 1: iGrids for two different gameplay types.

The x-axis represents parallel interactivity, which is the number of choice options a player has at a
given point in time (called a choice nexus), while the y-axis represents how often the player is
presented with a choice nexus. For example, the game represented by the iGrid on the left of Figure 1
forces the player to make choices frequently over the course of the game with little time between
choices but presents few options to choose from at those points. In the iGrid on the right, we see a
game that presents many options to choose from but which forces the player to make choices fewer
times over the course of the game with long periods of time between choices. Of course, there are
action games with more parallel choices (e.g., weapons, running vs. hiding, inventory, armor, etc.)
and periods of gameplay with lower choice nexus frequency. Likewise, games like those in the
Civilization series allow near-continuous serial opportunities for interaction, but they do not require it.

iGrids, as measures of gameplay, become useful tools for discussing the differences in games that
are likely to impact learning. While not sufficient on their own to fully delineate different types of
gameplay, they at least provide an additional point of reference for communicating what is meant by
whatever labels we use to describe games (e.g., action or strategy). Further, and most importantly,
they allow us to describe gameplay, which after all can vary dramatically over the course of a single
game. It will be important to be able to describe the key characteristics of gameplay in our quest to
measure the ability of different types of gameplay to promote different types of problem solving.

By combining iGrids with an analysis of game/gameplay types using the same dimensions and
characteristics that are used to differentiate problem types, we are able to develop a framework for
describing games/gameplay that makes further study possible. In our discussion, we will rely on
terminology regarding gameplay, which we have fully articulated elsewhere (Hung & Van Eck, 2010).
Rather than generate new terminology and labels for the resulting taxonomy, we rely on existing
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taxonomies (e.g., Apperley, 2006) with some modifications. The resulting classifications are in some
cases significantly different than common parlance, however. For example, Frasca’s (2003)
classification would list SimCity and Flight Simulator as simulations, whereas our analysis of
gameplay suggests that SimCity is a strategy game (optimizing a system by strategically balancing
factors) and Flight Simulator is a simulation game (a test of coordination of perception, cognition, and
muscular control). Likewise, Apperley’s classification would put FIFA Soccer and SimCity together as
simulations, whereas we maintain that by virtue of gameplay and cognitive characteristics, FIFA
Soccer is an action game. Space does not allow a full accounting of game play types (Action,
Strategy, Simulation, Adventure, Role-Playing, and Puzzles), but Figure 2 presents the iGrids for each
type. It should be noted that our categories are not intended to represent entire games as products;
any given game will embed a variety of these different gameplay types as the situation warrants. But
by focusing on the essential characteristics of gameplay at any given moment, we can make better
determinations about what kinds of learning activities may or may not be best supported at a given
time. The full analysis of by which we arrive at these different gameplay types can be seen in our
previous work (Hung & Van Eck).

(Serial Interactivity)

Frequency of Choice Nexus
(Serial Interactivity)

Frequency of Choice Nexus
(Serial Interactivity)
Frequency of Choice Nexus

Number of Choices Number of Choices Number of Choices
(Parallel Interactivity) (Parallel Interactivity) . (Parallel Interactivity)

Strategy Adventure Role-Playing

Frequency of Choice Nexus
(Serial Interactivity)
L ]
L]
Frequency of Choice Nexus
(Serial Interactivity)

Number of Choices Number of Choices
(Parallel Interactivity) (Parallel Interactivity)

Puzzles
Figure 2: iGrids for five other gameplay types.

Problem Typology

Now that we have outlined our gameplay typology, we turn out attention to problems themselves.

Jonassen (2000) has constructed a comprehensive typology consisting of 11 types of problems:
e Logical problem

Algorithm problem

Story problem

Rule-use problem

Decision-making problem

Troubleshooting problem

Diagnosis-solution problem

Strategic performance problem

Case analysis problem

Design problem

Dilemma problem

Space does not allow for a full accounting of all these problem types and examples. The reader is
referred to Jonassen’s text referenced above, as well as our previous work (Hung & Van Eck, 2010).
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Suffice it to say that each of these problem types varies along key dimensions of cognitive
composition (e.g., types of reasoning), structuredness, and requirements for domain-specific
knowledge.

Blending these dimensions with iGrids and our analysis of gameplay types, including game-specific
dimensions like psychomotor skills and the affective domain, it becomes possible to align problem-
types and gameplay types along the dimensions that both share, and thus propose a framework for
which kinds of gameplay types will support which kinds of problems, best (see Figure 3).

Knowledge and Cognitive Process
Domain- P, side
specific Higher-order thinking Is}:‘tszr:){or ﬂ;’:“{:
knowledge' = il
£ E u 8 B 2 5 E o8|
Problem type & 4 8 = g 2 £ 8 8§ 23 3 Game type
= s _’= QR & § § 2 8 32 g2 EA"é o H
ﬂ BESEI I aa g =888 §°
= S w
Logical + + Adventure; Puzzle
Algorithmic + + +  + Adventure; Puzzle; Action
Story |+ |+ |+ |+ Adventure; Puzzle
Action; Strategy;
Rule-use + ~ ~ + + o+ Roleplaying; Adventure;
Puzzle
Action; Strategy; Role-
Decision-making e 840 |4 | + o~ o~ playing; Simulations;
Adventure
Troubleshooting a6 I I S O I I O Simulations
Diagnosis-solution A S S 0 I (o G Simulations; Strategy
Strategic Performance oAl B =1 (Bis o G [ 2 2 (1 | - + :ﬁ:;rl"i::iqj{?::rﬁum
Case Analysis + |+~ |+ |+ ~ + ~ Strategy
Design +| ¥ |+|[F|+|+|+ |+ Strategy
Dilemma | b ] e | | + Strategy; Roleplaying

1 For Psychomotor Skills and Attitude Change: domain-specific procedural and
principle knowledge and metacognitive thinking are assumed.

2 For the learning type under Domain Knowledge, application of the knowledge is
also assumed in this chart.

+ signifies “always required.”

~ signifies “sometimes required.”

Figure 3: Framework for aligning problem and gameplay types.

This allows for both the design of games to promote specific kinds of problem solving and for the
design of research to test the effects of varying specific kinds of gameplay on different kinds of
problem solving. We can then also examine things like varying pace of play, frequency of problem
solving, length of play over days, and other variables to establish heuristic design models and an
empirical research base on problem solving and games. Knowing about different problem types
allows us to see existing games in a new light. For example, dilemma problems can be seen in
persuasive games such as Darfur is Dying (mtvU, 2009). But more importantly, knowing how those
problem types themselves vary along the dimensions of domain-specific knowledge and required
cognitive processes shows us that what superficially may appear to be similar games are in fact quite
different in terms of their ability to support problem solving. For example, many might say that
September 12 (Newsgaming.com, 2003) and Darfur is Dying are both dilemma games, when in fact
September 12 is too well structured and stripped of context to fully support dilemma problems.

Relying on iGrid typologies of gameplay rather than on genre classifications similarly promotes more
precise analyses of games and problem solving. By focusing on archetypal gameplay styles, we can
see how strategy and role-playing games seem best suited for dilemma problems, for example.
Further, we are able to apply this reasoning to hybridized games that might at first glance appear to
not support different kinds of problem solving. Space does not allow a full accounting of every
problem type and every gameplay type (iGrid), nor how they each are aligned but this general
description and the following example may suffice to illustrate the logic behind blending problem and
game typologies.

100



Extending our example of the dilemma problem, the game Bioshock (2K, 2007), which many might
categorize as adventure-action hybrid, is in fact a hybridization of action, adventure, and strategy. The
game Bioshock pits the player against a variety of challenges in an underwater city named Rapture.
As with Left 4 Dead (Valve, 2008), the player must make their way through the city without being
killed by Big Daddies (giant modified humans in diving suits) and demented humans while collecting
weapons and resources. Among these resources are plasmids, which grant special powers by virtue
of genetic modifications, and which are injected via syringes. They key to unlocking the powers of
plasmids lies in the collection of ADAM, which can only be obtained in the game from Little Sisters,
who appear to be preadolescent girls. Little Sisters are always accompanied by Big Daddies, who
must be killed before the player can collect ADAM. The dilemma problem in the game occurs with the
decision on how to harvest the ADAM. One way results in the death of the Little Sister but results in a
large amount of ADAM. The other way saves the Little Sister but results in less ADAM. While this
choice seems to be pretty simple (two choices) the choices have a significant impact on the difficulty
of the game and the way it proceeds. Additionally, whereas the binary choice in September 12
(Newsgaming.com, 2003) is limited to the same instances and has the same results easily seen in a
short period of time, in Bioshock these choices are distributed over the course of up to 50 hours of
gameplay with relatively high frequency (medium serial interactivity), and the effects of these choices
are not fully realized until near the end of the game. Thus, it is possible to support dilemma problem
solving across the full arc of a game which itself is interspersed with other gameplay types, which in
their own right may support other kinds of problem solving.

Finally, while our purpose is to outline a mechanism by which problem types with their associated
cognitive requirements can be matched to different styles of gameplay, the end result also provides
significant guidance for design and development of the games themselves. Because the study of
problem solving within education and instructional design has been going on for decades, a rich body
of research and best practices exists for supporting problem solving. Knowing, for example, that a
problem is highly structured implies that less support should be provided for its solution, while ill-
structured problems will require addition scaffolding and strategies to avoid cognitive overload. On the
other hand, well-structured problems that occur during games with hybridized gameplay styles may
indicate the need for more support than otherwise. When the problem solving itself is driving the
game design, we may deliberately modify the form and frequency of a different gameplay styles in
order to better support the problem (once we have conducted the empirical research to know how to
promote different problem types, that is!). Knowing the kinds of cognitive processes involved also may
help guide our selection of in-game tools, story structure, and objectives as well.

If we are to build games that promote problem solving, we must build on existing problem solving
research. If we are to make claims about problem solving and games, we must generate new
research and design heuristics based on the alignment of problem solving and different gameplay
types, and test those empirically. In this paper, we have outlined a way to begin to meet both of these
challenges. We used Jonassen’s typology of problem types to help analyze the cognitive processes
involved in different types of gameplay and, in turn, dissected gameplay that brought the essential
characteristics (for problem solving, at any rate) to light. With an understanding of the cognitive,
physical, and domain knowledge requirements of each type of gameplay, instructional designers and
game developers will have a better idea of what types of gameplay will most appropriately afford
given problem-solving learning goals and objectives.
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Beyond Collaboration and Competition: Independent Player Goals
in Serious Games

Thomas Fennewald, Brent Kievit-Kylar, Indiana University-Bloomington

Abstract: Many serious games simulate critical issues, such as social justice,
ecological sustainability, and economic inequity using collaborative and competitive
rules. However, in real life, these situations often are not purely collaborative or
competitive. Rather, they may involve many actors who have individual goals but
must share social systems and common resources. This research demonstrates how
independent goals in games support the emergence of cooperative, collaborative,
and competitive interactions characteristic of these real life situations. Computer
simulations and human playtests of The Farmers, an original tabletop game with
independent goals, are compared to collaborative and competitive variants. These
comparisons indicate that independent goals lead to play styles distinct from
collaborative and competitive variants.

Tabletop games in which players win or lose independently of how well or poorly other players do are
extremely rare. More common are games in which a player’s success requires another player to lose
(competitive games) or the entire group to win (collaborative games). In contrast with these games,
achievement in life can be independent or at most tangentially related to others’ success.

In life, conflicts and coalitions are not usually predefined. Rather, they more often emerge within
shared economic, political, and social systems. This can happen when actors disagree or agree about
notions of justice, fair resource use, and rights of access in those systems. Tabletop games offer a
method for simulating interconnected economic, political, and social systems in which conflicts
between actors can emerge. Furthermore, simulations can be used to illustrate how cooperation can
emerge between actors that share goals or believe that cooperating around goals is in the mutual
best interest or ideologically beneficial.

Many of the most important cases to simulate for educational and research purposes are social
dilemmas, situations in which an actor is forced to choose between acting in self-interest and the
interest of a common group (Kollock, 1998). One specific kind of social dilemma is the common pool
resource dilemma. Common pool resource dilemmas are situations in which several actors can freely
access an area of common resources and use those resources for personal benefit. Fisheries are an
example of common pool resource. They are not owned by anyone, are openly accessible, and
difficult to regulate. When too many fish are removed, the result can be the depletion of the fishery.
This can happen because many people have personal incentive to take from the commons even
though this action is not sustainable and not desirable for humanity. When a commons is affected
negatively in this way, this is known as a tragedy of the commons (Hardin, 1968). Understanding how
to deal with and prevent the tragedy of the commons is one of the most urgently important topics in
scientific research (Ostrom, 1999). Smith (2006, 2007) examined the emergence of the tragedy of the
commons in online games, but did not examine games that specifically have mechanics that support
the emergence of the tragedy of the commons.

This research examines The Farmers, a common pool resource dilemma game that accounts for
several elements that support play that is not purely collaborative or competitive. The Farmers
employs the use of shared resources, complementary abilities, and varied goals among players that
lead to interactive synergies, which support the emergence of cooperation (El-Nasr, et al, 2010;
Rocha & Mascarenhas, 2008; Zagal, Rick, & Hsi, 2006). Finally, The Farmers discourages pyrrhic
victories, situations in which being ahead of others is not a victory if the world is destroyed as a result
of actions taken to come out ahead.

The Game

The Farmers is a card game (see Figure 1a) in which three players harvest and plant resources in a
common space (see Figure 1b). These resources include trees, which protect against floods, wheat
and pasture lands. Each round, land in the commons may be eroded if there are not enough trees.
Players do not want erosion, but have a personal incentive to take from the commons to gain points
(therefore increasing the likelihood of erosion). Each turn, the three players take one action: either
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harvesting, planting, gaining a point, restoring eroded land, or sanctioning (see Figure 1c). After
actions occur, the commons react to the modifications that have been wrought by the players,
negatively impacting everyone if the land has not been managed sustainably. Players have unequal
abilities and different desires, and are often not the best at planting or harvesting the resources they

most desire.

order: 0 order: 0 order: 0 order: 1 order: 1 order: 1
Harvest 1 Corn Harvest 1 Pumpkin  |Harvest 1 Wheat Plant 1 Carn Plant 1 Pumpkin Plant 1 Yheat

Figure 1a: A computerized version of The Farmers game.

Figure 1b: The commons in The Farmers.
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Figure 1c: A player’s hand in The Farmers. They have options for planting and harvesting each
of the three resources (trees, wheat, pastures) and may also sanction, gain a free point, or
restore devastated lands.

In The Farmers, players are given independent goals and told to optimize their own personal scores.
This means that all players at a table can win, all can lose, or some can win and others can lose.
Farmers A, B, and C at one table are compared to Farmer A’, B’, and C’ at another table. Farmer A is
playing versus Farmer A’, B versus B’, and C versus C’. Similarly, when two tables of players are not
available, players can compete against preset distributions to compare their score to percentiles of
past players. This independent goal setup is different from asking players to combine their score into
a group score (a collaborative game) or requiring a player to have the most points at the table (a
competitive game). In the independent goal version, there is no interaction or information exchange
between tables, keeping the groups completely separate during game play.

Methods

Computational simulations and human playtests of The Farmers were performed. One set of tests
was done using the independent goal game rules as described above. In addition to the independent
goal game, tests were run on collaborative and competitive variants. In the collaborative variant,
players were told to work as a group to have a total group score higher than another group. In
competitive games, players were asked to simply have a higher score than other players at the same
table and to ignore how other players from other tables were doing.

Evolutionary algorithm simulations show that there are drastic differences amongst these variants in
terms of optimal strategies and game outcomes. Solutions were assumed to be in the form of mixed
strategies. Thus genomes were representative of action probability distributions. The evolutionary
algorithm used competition selection with a small rate of permutation and random combination points.
The fitness functions were used to differentiate the three types of game play. In the cooperation
version, the fitness of each player was calculated as the sum of the scores of all players. In the
competition version, the fitness of each player was their score minus the average score of the other
two players. In the self-scored version, the fithess was just the score of that individual.

Computational Simulation Results
Even with such a simple representation of this solution space (ignoring other player actions, time into
the game, etc.) the artificial intelligence (Al) agents played quite differently across the versions. In the
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collaborative version, combined group scores were high (the average score was about 200 points,
making the group score nearly 600 points) but one player scored the majority of the points (see Figure
2a). Because one of the three farmer roles is able to generate more points than others, the optimal
strategy in the collaborative game is for the other two players to assist this player in optimizing their
collection and therefore their score. In the independent goals version (see Figure 2b), Al players are
evolved to optimize personal scores. The total number of points earned for the group is less in the
independent goals version (only about 300 points with an average score of 100 for each player) than
in the collaborative rules condition, but on the other hand points are distributed more equally among
Al players. Al testing thus distinguishes between the collaborative and independent goals conditions.

600
400 — ——— T - player1
===player2
200 ~
player3
0 avg cooperate
300
-200

Figure 2a: Results of 300 simulations of the collaborative condition.

600
400 playerl
====player2
200
et ity s
0 . . — - - avg absolute
(I) 50 100 150 200 250 300
-200

Figure 2b: Results 300 simulations of the independent goals condition.

In the competitive version (see Figure 2c), Al players usually earned far fewer points than they did in
other variants both as a group and as individuals. Since they were evolved only to try to earn more
points than the other farmers in the same space, and not to earn as much as they could, Al players
resorted to actions such as sanctioning to reduce the score of opponents. Unlike in other states in
which the land was not often completely eroded, the final state of competitive game simulations was
regularly one in which the land was destroyed. Al players evolved selfish and punishing strategies
that did not regard the commons simply to maintain a higher score than others. In fact the average
scores were close to 0, even negative in many trials. In the competitive condition Al players win as
long as they do better—even if their world is destroyed, but a pyrrhic victory is not a real victory in the
independent goals game, so Al players in the independent goals game evolve cooperative strategies.
This shows the independent and competitive conditions to be distinct.
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Human Playtest Results

Human playtests revealed the same play styles and outcomes as the Al simulations. Differences in
player communication and interaction patterns were observed between the variants. Human playtest
groups were very consistent in collaborating in the collaborative condition and in competition in the
competitive condition. However, human playtests of the independent goals version showed a wide
range of play styles. Some groups were very aware of the need to work as a group to avoid erosion
from the beginning and others not. Players were seen shifting between altruist and selfish play based
on the actions of others. Occasionally players in this version chose to sacrifice their ability to take
resources, an altruistic act. Some players of the independent goal version of The Farmers stated they
were constantly emotionally torn between the need to work as a team while still striving to protect their
own private interests, while players of the collaborative and competitive variants focused only on their
collaborative or competitive goals respectively.

Conclusions

Human playtests and computational simulations of The Farmers suggest that providing players
independent goal states leads to play that is genuinely different from both cooperative and from
competitive play. Designers of serious games, and in particular designers of tabletop simulation
games, may wish to consider using independent (and non-zero sum) goals within game designs.
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Gaming the Class: Using a Game-based Grading System
to Get Students to Work Harder... and Like It
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Abstract: Instructors at all levels of the educational system have been experimenting
with game-based grading and evaluation frameworks. What is the effect of these
grading systems on student motivation and effort? Using well-validated motivation
scales to understand how student motivation profiles relate to effort, this paper
examines two different instances of game-based grading systems in university
coursework. Our findings indicate that a game-based grading system can overcome
typical student motivation profiles, essentially helping students—who might normally
underperform in coursework—to work harder. We present two contrasting cases: an
elective course on video games and learning, and a gateway course on political
theory. Findings were similar for both courses, suggesting that game-based grading
systems have generalized potential for use in higher education, and possibly beyond.

Introduction: Games as Model Learning Environments

The Games+Learning+Society community needs no convincing about the power of video games as
learning environments. As Gee argued in his seminal book on video games and learning, good games
succeed because they tap into our deep-seated desire to learn and be engaged (Gee, 2003). Many of
the features of well-designed video games—identity play and the formation of affinity groups,
exploration in and of semiotic domains, support for risk-taking, amplification of input, support for
practice and ongoing learning, on-demand and just-in-time information, multiple routes towards
success—are also features of well-designed learning environments. Various scholars have noted that
games can also inspire the design of non-game learning environments, such as traditional classroom-
based courses. The work described in this paper was first inspired by authors such as Gee (2003),
Prensky (2005), and Jenkins, Squire, and Tan (2003), and crystallized by talks such as Jesse Schell’s
“Beyond Facebook: The Future of Pervasive Games” (Schell, 2010). Schell described a course taught
by Lee Sheldon at Indiana University in 2009 that was both about MMO design and taught as a MMO
course. The process of designing and teaching that course is described in a recent book (Sheldon,
2012). What is made clear in Sheldon’s descriptions of his design process across multiple iterations of
both his MMO course, and several other courses, is that the grading system was one of the most
difficult components to design. But is it worth the effort? Do game-inspired assessment systems
change students’ relationship to the class, essentially leading them to work harder? Will all students
work harder, or just certain types of students, e.g., students who would normally work hard anyway?

Grading Systems and Motivation

Giving and receiving grades is a ubiquitous part of the formal school experience. The most common
system of letter grades (A through E) has been a part of education in the U.S. since the late 1800s
(Durm, 1993). Students and instructors, moreover, have come to view grades as measures of both
learning and performance; schools use grades to sort students by “ability,” and this sorting plays an
important part of the gatekeeping process used to decide who is given access to funding, advanced
study, and jobs. Grades also shape students’ self-appraisal. It is unsurprising, then, that after
receiving grades, students begin to see themselves through the lens of formal assessment. They
become “A” students, “B students,” efcetera. While instructors may view their course designs as a
balancing act of pedagogy, assignments, and evaluation, students typically focus only on the grades
they receive and how to achieve them. Indeed, an investigation of student performance in Physics
courses at one large Midwestern university indicates that the strongest predictor of future student
grades is their grades in earlier courses (personal communication, T. McKay, September 28, 2011).
This suggests a kind of stasis that is hard to overcome once you are within the system, and is likely a
function of student self-efficacy.

Motivation, or the study of what pushes individuals to start, sustain, and finally complete activities, is a
critical precursor mechanism for learning. We focus here on self-efficacy or academic self-concept as
a key component of motivation. We rely on Bandura’s (1977) definition of self-efficacy as a cognitive
process that mediates an individual's behavior with respect to effort, according to the individual’s
expected outcomes. As Dale Schunk put it, “Students who hold low self-efficacy for learning may
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avoid tasks; those who judge themselves efficacious are more likely to participate” (Schunk, 1990, p.
74). Self-efficacy is a key component of larger theories of motivation, such as attribution theory
(Pintrich, 2003) and Dweck’s (1975) seminal work on learned helplessness, which posits two different
kinds of learners: entity learners who believe that intelligence is a fixed property, and assign
responsibility for success or failure either to luck or to external circumstances, or incremental learners
who believe that intelligence is a function of effort, and if they therefore persist, their chances of
success increase. Entity learners tend to give up in the face of challenges, while incremental learners
persist and (on the whole) exhibit greater self-regulatory capabilities. There is also evidence that the
greater one’s self-efficacy, the more effort one is likely to exert towards completing a task (Schunk,
1990).

Turning to video games, there is growing (though mixed) evidence that video games increase
learners’ motivation in various domains, including mathematics (for a review, see Kebritchi, Hirumi, &
Bai, 2010). We argue that good games (as defined by Gee, 2003) contribute to increased self-efficacy
because of the attributes described above, especially the ability to experiment with low costs for
failure; at worst, a good game will make you go back to the beginning of the level or start of the
puzzle. Good games also place players into a state of flow (Csikszentmihalyi, 2008), increasing time
on task, another key element for effective learning. Most frequently, when research on video games
focuses on motivation, it focuses on intrinsic or extrinsic motivation within the game and how that
encourages students to keep playing or remain engaged (e.g., Lepper & Henderlong, 2000; Malone &
Lepper, 1987). We believe that the same motivational theories can be applied to thinking about
student effort in formal education, especially when using a game-based assessment system.

Strong research evidence (Ames, 1992; Blumenfeld, 1992; Elliot & Harackiewicz, 1996; Middleton &
Midgley, 1997) suggests that students’ personal achievement goal orientations are correlated with
academic effort and outcomes. Goal orientation theory describes academic persistence in terms of
“adaptivity,” or how flexible students are to changing demands and expectations in academic settings.
Students that have a strong Mastery Goal Orientation, “seek to extend their mastery and
understanding. Learning is perceived as inherently interesting, an end in itself. Attention is [therefore]
focused on the task. A mastery goal orientation has been associated with adaptive patterns of
learning” (Midgley et al., 2000, p. 7). This is the most productive orientation for persistence and
learning. A performance-approach orientation is when, “[a]ttention is focused on the self. A
performance-approach orientation has been associated with both adaptive and maladaptive patterns
of learning” (Midgley et al., 2000, p. 9). This is a middle ground for student adaptivity. A performance-
avoidance orientation is when, “students’ purpose or goal in an achievement setting is to avoid the
demonstration of incompetence. Attention is focused on the self. A performance-avoid goal orientation
has been associated with maladaptive patterns of learning” (Midgley et al., 2000, p. 10). This is the
least desirable motivational profile because it is most associated with disengagement. These profiles
have been identified consistently in learners across many different contexts, and they relate reliably to
academic effort and outcomes.

The Game-inspired Grading Systems in the Current Study

This paper considers student motivation with respect to two different undergraduate courses. The first
course is located in the School of Education at a large public research university, and is on the topic
of video games and learning. The course is an elective for students, normally taken by
upperclassmen from across the university (as opposed to pre-service teachers), with an enroliment of
~80 students. The second course is in the Department of Political Science, and is an introduction to
political theory. This course is normally taken by freshmen, with an enroliment of ~300 students. The
course is a gateway course that must be passed by any student wishing to major in Political Science.
The grading system of each is presented briefly here.

Political Science Course

The grading system of the political science course gives students control over their final grade in two
distinct ways. First, students must choose the types of assignments that make up 60% of their final
grade. In so doing they complete two out of three types of assignments offered throughout the term:
traditional essays, an open-ended group project, and posting and responding on the class blog.
Second, students are given the freedom to determine how each of the individual assignments is
weighted for the final course grade calculation. In order to “unlock” their ability to choose and weight
their coursework, however, students are required to complete a quiz that assesses their
understanding of the course’s grading system. Once this has occurred students can choose the path
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they will follow to complete the course. The remaining 40% of a student’s grade is traditional in that it
consists of a core set of requirements: attendance (5%), “keeping up with the reading” (15%,
assessed via quizzes and/or blogs), and “section,” which consists of attending Graduate Student
Instructor (GSI) led discussion sections (20%).

School of Education Videogames and Learning Course

The goal of the videogames course is to examine the learning and motivational theories that operate
within—and inform the design of—videogames. Consequently, the grading system is appropriately
infused with the design principles that operate within games. To this end, students enrolled in the
videogames course accumulate “experience points” (XP) for each assignment completed. Some
assignments can also earn students “skill points” (SP). The course has a set of required assignments
that are paired with optional assignments. These assignments are divided into three categories:
“Grinding” assignments are those typically characterized as necessary for learning the content, but
are not always as engaging as other assignments; “Learning from playing a game” assignments are
those that center on students reflecting and commenting on a commercial videogame they have
chosen to play throughout the term—their “game text;” “Boss Battle” assignments are longer, more
complex, and require a certain level of content mastery to complete successfully. As a result, the
“Boss Battles” occur near the end of the term. Optional assignments in this course can be seen either
as assignments that students complete to exceed the course’s main requirements—because they
want an “A+,” perhaps—or as assignments that students complete in order to regain points that were
lost as a result of missing a class, missing a reading reaction, or simply performing unsatisfactorily on
a required assignment.

These two courses and their respective grading systems are different from each other, but both could
easily be considered “game-inspired.” We also believe that these two courses serve as usefully
contrastive cases. One is required, the other is not. One is taken by first-year students, the other
mostly by upperclassmen. One is on a “frivolous” topic (at least from the perspective of many students
and faculty), and the other is on a “serious” topic. By comparing and contrasting these two classes in
terms of student motivation, we stand to learn more about the generalizability of game-inspired
assessment systems across topics within a university.

Research Questions

Our study focuses on three main research questions:

(1) Do the grading systems of these courses help students feel more in control of their grades?

(2) Do the grading systems in these courses lead students to complete more assignments?

(3) Do students in these courses believe that the grading systems encourage them to work harder?

In examining these questions, we also explore a number of subsidiary questions related to students’
attitudes towards the grading systems and the courses themselves, presented below in the context of
our findings.

Methods

We used a survey methodology to gather data on student attitudes and motivation profiles. Data on
the Education course is from Winter, 2011. Data on the Political Science course is from Fall, 2012.
Both surveys were administered to students near the end of the term. Education students were only
given one survey, but Political Science students also had a pre-survey given shortly after the start of
the term. We compared responses on both surveys in Political Science, and found no significant
differences (the responses were stable across time). Therefore, we only report on findings from the
end-of-term survey in this paper.

The survey was given online, comprised of 41 items, and took students roughly 15 minutes to
complete. All motivation and attitude items were measured on a 5-point Likert scale. There were 76
students in the Education course, and 63 completed the survey, for a response rate of 83%. There
were 296 students in the Political Science course, and 176 completed the survey, for a response rate
of 59%. It is possible that students who chose not to respond to the surveys were among the less
motivated students in the class, but this was deemed a minor concern because the overall response
rates were acceptable and we still had substantial variation represented in both groups in terms of
motivation profiles (see Table 1 for descriptive statistics).
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Male/ Year in School (%) o o o

Course Female (%) | Fr. | So. | Jr. | sr. | MGO (%) | PA(%) | PV (%)
) 525 53.2 58.3
Education 738/262 | 4.9 | 197 | 115|639 | 50 (14.8) (15)
Political 50 45 53.9
Science 59/40 1 30.91576 1 6.9 | 32 | q50y | (1a2) | (144)

Table 1: Student demographics and motivation profiles. Motivation profiles are reported as %
of students scoring above the mean, and in parentheses % of students scoring 1 SD or higher
than the mean, (e.g., 52.5% of students in the education class have a higher than mean
Mastery Goal Orientation, and 13.6% are at 1SD or more above the mean).

To measure student motivation, we used the Patterns of Adaptive Learning Scales (PALS; Midgley et
al., 2000). These scales were developed to examine the relationship between the learning
environment and students’ motivation, including: personal achievement and goal orientations,
perceptions of the teacher’s goals, perceptions of goal structures in the classroom, and achievement-
related beliefs, attitudes, and strategies. This instrument has been validated in multiple subject areas,
and produces scales that indicate a respondent’'s mastery goal orientation (MGO), performance-
approach orientation (PA), and performance-avoidance orientation (PV). Each of the scales used in
the survey was highly reliable (EDUC MGO a=.91, POLSCI MGO 0=.92; EDUC PA a=.80, POLSCI
PA a=.88; EDUC PV a=.73, POLSCI PV a=.80). Since each scale was internally reliable in our
sample, we used principal component analysis to create a single component score for each of the
three motivation orientations. These were then used in subsequent regression analyses (discussed
below).

To measure student attitudes, we designed a series of questions about the course and the grading
system, including a self-report of which assignments students planned to complete. The basic
questions asked may be discerned from the summary data presented in Table 2.

Findings

The first step in our analysis was to examine the data relating to student attitudes towards the class
and the grading system. On the whole, students felt that they understood the grading systems, they
generally believed that the grading systems were similar to video game systems, and generally
believed that the grading systems both gave them more control over their course grades and
encouraged them to work harder (in terms of choosing to do more assignments and work harder on
their assignments). Finally, students generally liked the grading system in both courses, and found the
courses personally interesting (all data is summarized in Table 2 below). We believe that the
Education course and the Political Science course are contrastive cases with which to examine
student motivation, and the data also supports this. A comparison of means on the items reported in
Table 2 indicate that students in the two classes differed significantly from each other in terms of all
items except for their understanding of the grading system. In all cases, the Education class was
rated significantly higher than the Political Science course, though ratings in both classes trended
positive. The one question on which students did not differ between courses was whether they felt
they understood the grading system. Students in both courses indicated that they did understand the
grading systems, to roughly the same degree.
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Course Mean SD t
Did students feel that they understood the grading POLSCI 4.05 .996 1236
system? EDUC 4.23 .871 '
Did students believe the grading system is similarto | POLSCI 3.26 977 -5.081*
video games? EDUC 3.98 .833 )
Did students feel that it is easier to earn the grade POLSCI 3.24 1.173 -5.003*
that they want? EDUC 4.10 1.053 )
Did students feel that the grading system provides POLSCI 3.50 1.207 -5 867
more control over their grade? EDUC 4.48 .813 )
Did students believe that the grading system POLSCI 2.67 1.210 .
-7.163
encourages them to work harder? EDUC 3.93 1.056
. : POLSCI 2.44 1.225
l? - *%
Did students choose to do more assignments? EDUC 397 1119 8.446
. , . . POLSCI 3.75 1.016
!? - *%
Did students find the class interesting” EDUC 448 813 5.048
. . POLSCI 3.28 1.212
'? _ *%
Do students like the grading system? EDUC 440 887 6.544

POLSCI n =167, EDUC n =60, ** =p <.001

Table 2: Descriptive data on student attitudes towards grading systems in each class.

The next step in our analysis was to create regression models to investigate whether any of the
motivation orientations (Mastery Goal Orientation (MGQO), Performance-Approach (PA), Performance-
Avoid (PV)) would serve as significant predictors of student attitudes towards the grading system. In
particular, we focused on responses related to our three research questions as outcome variables: Do
the grading systems help students feel more in control of their grades, lead students to complete
more assignments, and encourage them to work harder? Our analyses did not reveal any significant
relationships between the motivation orientations and student attitudes. This was surprising, as in
other studies of student motivation in college courses, there is almost always such a relationship.

The final step in our analysis was to expand our regression models, by adding additional predictor
variables that, in theory, ought to impact student motivation. Both student interest in the course
(“interest”) and whether or not students “liked” the course (“liking”) were determined to be such items,
and were thus included in additional models. Our final models for each of our three research
questions have five predictor variables: MGO, PA, PV, “liking,” and “interest.”

For the Education class, the five-predictor model accounted for 35% of the variance in whether or not
the grading system helped students feel more in control of their course grades (R2 = .35, F(5, 49) =
5.209, p = .001). However, the only significant predictor in this model was the extent to which
students reported “liking” the course (B = .57, p < .001). We found a similar result for the Political
Science course, with the model accounting for 46% of variance (R2 = .46, F(5, 150) = 25.03, p <
.001), and liking the only significant predictor (B = .64, p <.001).

We observed similar results for the question of whether students felt that they would complete more
assignments as a result of the grading system. In the Education class, the model accounted for 32%
of the variance (R2 = .32, F(5, 48) = 4.485, p = .002), with “liking” as the only significant predictor (f =
.53, p <.001). In Political Science, the model accounted for 25% of the variance (R2 =.25, F(5,149) =
9.661, p < .001), but in this case both MGO (8 = .26, p = .013) and “liking” (B = .28, p = .001) were
significant predictors. This is the only case where one of the motivational orientations was statistically
significant.

Finally, in relation to whether the grading system encouraged students to work harder in each course,
the only significant predictor was, again, “liking.” In Education, the model accounted for 32% of the
variance ((R2 = .32, F(5, 49) = 4.612, p = .002); “liking” (B = .58, p < .001)), and in Political Science,
the model accounted for 34% of the variance ((R2 = .34, F(5, 150) = 16.116, p < .001); “liking” (B =
46, p <.001)).
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Discussion and Implications

As noted above, we were surprised when the motivation orientations by themselves were not related
to any of our outcome variables. This observation contradicts many years of scholarship in motivation.
After conversation with colleagues who study student motivation, however, we have come to realize
that this is an indication of the success of these two prototype game-inspired grading systems. In
short, the grading systems might help re-focus students to an extent that they overcome typical
motivational orientations. A student with a performance-avoid orientation, for example, might typically
seek to avoid new challenges in order to avoid demonstrating incompetence. Yet, in these classes,
students are more likely to take on new challenges regardless of how they would “normally” respond
in a course with a more typical grading system. The only thing that appears to matter is how much
students like the grading system, and to a lesser degree (not significant as a predictor but still present
in our best models) the extent to which they are “interested” in the course. In one instance, for the
Political Science course, MGO was a significant predictor of whether students completed more
assignments, but this finding does not contravene our overall conclusions, since that is the
motivational profile that one would most expect to predict effort. Indeed, its absence in all the other
models is more surprising than its presence in one.

Having a grading system with the potential to trump student motivational profiles represents a
powerful tool in one’s pedagogical arsenal. In both of these courses—one elective, one required; one
mostly first-year students, one mostly upperclassmen—the instructors were able to create an
assessment environment that encouraged students to work harder... and like it in the process. We
recognize that assessment systems are only one element of the overall pedagogical design and
implementation in these courses. Other factors, including course content, activity design, instructors’
manner, and so forth will also matter in terms of student attitudes and effort. But given the differences
in these two courses, we are strongly encouraged to find similar results for both.

We also recognize that our data is based solely on students’ self-reports in our survey. While this is
normal and unavoidable for the motivational profiling, we can do better in the future with respect to
objective measures of effort. Future research will examine the actual work products students
produced in each class. We also plan to link student course data to institutional data, allowing us to
develop student profiles that include their performance in other university courses, their high school
GPA, SAT and ACT scores, and a host of other factors that may be related to motivation and
performance in college. However, given the general lack of quantifiable data on student motivation
related to the design of game-inspired courses, we are pleased with our data and findings as a first
step. Our research on motivation and effort is still early-stage. We hope to expand this research to
include a far broader range of course content, and include comparison cases in our data that include
more traditional grading systems.

The empirical research base for games and learning continues to grow rapidly. Building a strong base
of evidence related to student motivation and learning is essential to convince critics of the potential in
these approaches. And it is also important to acknowledge that there is no single approach, but rather
a tremendous variety of ways that game-based and game-inspired thinking may transform the way we
think about formal education.
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A Systematic Review on the Potential
of Motion-Based Gaming for Learning

Salvador Garcia-Martinez, Carolyn Jong, Concorida University

Abstract: With the inclusion of motion-based technologies such as the Wii-mote,
Microsoft’s Kinect or the PlayStation Move, the possibilities for using video games for
serious purposes have multiplied. The purpose of this article is to explore the state of
the research related to the use of video games employing motion-based technology
for purposes other than entertainment. After systematically searching digital
databases and online journals, 33 relevant articles were included in the study. We
found that motion-based technologies have been beneficial when applied to physical
and health education, training, therapy, and learning in the classroom, however, it
has been noted that virtual environments might not be able to replace a real
environment. Moreover, it is not clear in which situations these technologies can have
a more substantial benefit. Overall there is a need for the proposal of new
hypotheses and more in-depth research.

Introduction

Studies show that traditional video games, meaning games which are mediated through a personal
computer or console, provide engaging experiences that help users develop practical, cognitive,
social, and decision-making skills (Foster & Mishra, 2009; Ma, Williams, Prejean, & Richard, 2007;
Susi, Johannesson, & Backlund, 2007). Other studies indicate that playing video games can lead to
aggressive behaviors and can be a factor in a number of potentially dangerous health issues such as
obesity (Dipietro, Ferdig, Boyer, & Black, 2007; Foster & Mishra, 2009). Given that video games are
often seen as having significant effects on players, it is not surprising that there is an increasing
interest in the use of video games for non-entertainment purposes. Video games are used
successfully in several fields such as in military training, health care training, and for instructional
interventions in the classroom (L. A. Annetta, Murray, Laird, Bohr, & Park, 2006; Katrin Becker, 2010;
Michael & Chen, 2006; Susi, et al., 2007).

Motion-based gaming, an activity in which players interact with a digital game environment primarily
through physical movements and gestures in three-dimensional space, has added a new dimension
to the gaming experience. Commercial devices such as Microsoft's Kinect for the Xbox 360 and
Nintendo’s Wii have opened up a number of opportunities for using video games for non-
entertainment purposes. Through a systematic review we are aiming to answer the following research
questions: What is the state of the research related to using motion-based gaming technologies for
learning, and what are the opportunities, challenges and limitations when using motion-based gaming
technologies for serious purposes as described in the literature?

Methodology

This review was conducted over a period of 6 months. Articles were reviewed according to the type of
research, research design, and the main topics representing current trends in the literature. Articles
were retrieved from the following databases: EBSCO Host, ProQuest, Web of Science, Engeneering
Village, JSSTOR and PubMed. The search strategy was tailored slightly for each database; however
the common search query was: "video games" or "digital games" or "computer games" AND earning
AND gestur* or physi* or haptic or wii or kinect or (motion and playstation). All articles were restricted
to peer-reviewed scholarly publications ranging between the years 2005 and 2011.

In total, 112 articles where found. An initial review of the literature was conducted based on the title
and the keywords of the author. Articles unrelated to the research questions, and those without an
abstract were excluded. A second review of the remaining articles was done based on their abstracts.
Similarly, unrelated articles were excluded. From the remaining set of results, a more detailed review
was done; articles were included when the following conditions were fulfilled: (1) Articles must be
related to the research questions; (2) The article should be fully available online; (3) Empirical articles
should include enough information related to the type of research, research design and
methodologies. Additionally, related articles from peer-reviewed journals in game studies such as
Game Studies and Eludamos were added. As a result, we included a set of 33 articles.

118



In order to answer the first research question, the final set of articles were coded according to the type
of research, goal of the article, results, limitations and future research, and type of technology
described in the article. The type of research was classified into empirical and non-empirical.
Empirical-research-based articles, which represent 62% of the articles that were included, were also
coded according to the number of participants, type of participants and research design. Articles in
this category were predominantly quantitative, representing 34% of the total number of articles. Even
though qualitative articles represent just 6% of the articles, many articles combined both types of
research. Articles with mixed methodology represent 21% of the articles. Non-empirical articles, which
include literature reviews, descriptions of projects, and theoretical articles, represent 39% of the total.
Without discarding the importance of these quantitative, mixed and non-empirical articles; it is evident
that there is a need of more qualitative research. New hypotheses and more large-scale,
comprehensive studies are also needed.

In addition, we also found that the most researched technology was the Nintendo Wii; commonly used
games were Wii Sports and Wii Fit. Technologies that were moderately used were video-capture,
dance pads, the Nintendo DS, and haptic gloves. These types of technologies have been more
influential since the release of the Wii in 2006. Considering that this review ranges from 2005-2011,
the popularity of the Wii is not surprising. Technologies such as Microsoft’s Kinect or Playstation
Move are relatively new and have been commercially successful, and it is expected that in the
following years they will be the most widely researched.

In order to map out the opportunities, challenges, and limitations when using motion-based gaming
technologies for serious purposes, we generated our own keywords (codes) for each article based on
the abstract, goals and results. As a result, a list of 43 unique codes was generated. Afterwards,
these codes were grouped into themes. We found two main themes: effects when introducing
augmented movement to video games and application of motion-based games. For the first theme, 8
articles were included. These articles examined topics such as learning capacity and cognition,
development of motor skills, social learning, and engagement and motivation. For the second
theme—application of motion-based games—a total of 21 articles were considered, which were
classified into: health/physical activities/sports, in the classroom, for entertainment, and for training.

Results

Research regarding the effects when using video games with traditional controls show that video
games can motivate players to continue gaming while developing cognitive, social and decision-
making skills (Foster and Mishra, 2009). However, increased movement—one of the main
characteristics of motion-based games—adds an extra dimension to the possible effects when playing
video games. In this stream of the literature three topics that are researched are the relationship
between adding augmented movement to video games and engagement, motivation, and learning.

Yannakakis et al. (2008) point out that there is a relationship between physical activity and
engagement using video games. In a quantitative study, data was collected from physiological signals
captured from 58 children from 8 to 10 years old when using two games developed especially for kids:
Bug Smasher and an adapted version of Space Invaders. Kids interacted with the game while playing
in a digital playground which captured the movement of the players. From the results, the authors
demonstrate that when children are having “fun” during physical play they are engaged more; this was
reflected through increased physical activity. In addition, Levac et al. (2010) conducted a study about
the motivational effects when playing games that involve movement. Data was collected from 28
participants aged between 7 and 12 years while playing Wii Fit. Results show that movement in video
games also contributes to motivating players to succeed in the game. However, results also indicate
that there are differences between the quantity and quality of movement across different games,
depending on the age and the experience of the participants. Children with previous experience using
Wii demonstrate greater quantity of movement; however, there is no difference between the quality of
movements.

In similar research, Dale et al. (2008) study the role of motor execution and longer-timescale cognitive
processes, such as learning. The authors conducted two experiments exploring match-to-sample
paired-associate learning, in which participants learned randomized pairs of unfamiliar symbols.
During the experiments, their hand movements were continuously tracked using the Nintendo
Wiimote. Both experiments showed that the dynamic characteristics of action reflect ongoing learning
in a cognitive task. The first experiment showed that features of action dynamics grow more confident
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over a learning task, and can mark the performance of the participant, indicating whether or not they
had acquired particular knowledge. The second experiment revealed that these characteristics
generally index learning, not just motor familiarity with the device.

From this section it is possible to conclude that integrating movement and games can motivate
players to continue playing, engaging them in the activity, which can in turn foster learning across
different tasks. However, most of these studies were conducted on children and using a limited
number of video games. It is hard to generalize these results for all types of video games. However,
these studies present evidence that there is a relationship between movement and engagement,
motivation and learning with video games. This shows the potential of this type of technology when
used for purposes beyond entertainment.

Applications in Physical and Health Education

Most of the research that falls into this category supports the hypothesis that motion-based gaming
can help to encourage players to engage in physical activities, promoting a healthier lifestyle. This
technology can be integrated into a game specifically to promote physical activity or for entertainment
purposes. Rhodes et al. (2009) evaluate the effect of videobike gaming versus traditional indoor
cycling on the constructs of the theory of planned behavior, which studies the relation between
attitudes and behavior, and adherence in sports. During the study, 32 male college students were
instructed to exercise at moderate intensity for 30 minutes, three times per week, for 6 weeks. Results
showed that affective attitude and adherence across the 6 weeks significantly favored the videobike
condition over the comparison condition. However results might change if videobike gaming was to be
compared to outdoor exercise. In a similar study, Warburton et al. (2007) reported that the attendance
of the interactive video game group was significantly higher (78%) than that of the traditional training
group (48%), resulting in a greater improvement in physical fitness. Both studies provide evidence of
the positive impact when using these types of games for preventing obesity and motivating physical
activity. However, other studies indicate that a virtual environment might not be able to replace a real
environment. Baumeister et al. (2010) studied the difference between real and virtual environments
through cortical analyses when individuals were playing golf. Overall participants performed with a
significantly better score in the real condition. However, differences might arise if the experimental
conditions are changed or if the experiment focuses on specific goals.

A common term for describing a way of combining physical activity and video gaming, often for
entertainment purposes, is “exergaming.” A number of authors have suggested that exergames are
appealing to children, adolescents, and young adults, and can motivate youth to increase their
engagement in physical activity (Hicks and Higgins 2011; Papastergiou 2009; Paez 2008).
Exergames also provide immediate feedback about the user's performance. One of the most popular
examples of this type of game is Dance Dance Revolution (DDR), which can be used to teach dance-
related skills such as rhythm, tempo, and choreography, although Hicks et al. (2011) argue that the
most important benefit is the potential to promote a healthier lifestyle. However, in 2008 Baranowski
et al. conducted a literature review which found that studies involving DDR have reported mixed
results, with some noting no change in physical fitness and a gradual loss of interest in the game
among participants. Results from a series of studies that investigate the viability of DDR for increasing
physical activity in the home environment indicate that both initial and sustained participation are
influenced by a number of factors, including social interactions and the presence of other video
games (Paez, 2008). Additional research is thus needed to explore the effects of these factors.

Applications in Training

Motion-based gaming technologies have also been used successfully to train users in the use of other
complex technologies such as surgical simulators or sophisticated haptic gloves systems. A study
conducted by Boyle et al. (2011) investigates whether or not structured surgical training using the
Nintendo Wii can improve the performance of laparoscopic tasks. Medical students with no prior
laparoscopic or video game experience were divided into two groups. One group played four different
games on the Wii, each of which required skills relevant to laparoscopic surgery, such as depth
perception. The control group received no extra training. Results showed that all participants
improved significantly from the first session to the second. While practice on the Wii was associated
with a trend toward better performance, there were no significant differences between the groups for
either the physical tasks (bead transfer and glove cutting) or the virtual laparoscopic tasks using the
ProMIS surgical simulator.
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Similarly, Bargerhuff et al. (2010) introduced a system that captures participants’ perceptions when
being trained to use a haptic glove system through a custom video game. There were a total of 5
participants, each of whom played for 60 minutes. A mixed methodology was followed and data
sources included computer generated results (level attained, navigation speed, and efficiency),
questionnaire responses (engagement perceptions), video-recordings, and detailed notes. Results
suggest that the participants improved the skills associated with use of the haptic glove and active
engagement with the game. Participants also demonstrated an ability to attain higher game levels
with additional practice time, although this improvement varied among them. However, the study
provided less evidence for the use of the haptic glove as an embodied skill. Participants continued to
view the glove as a tool that required effort.

Applications in Therapy

Another stream of the literature focuses on the use of motion-based technologies for therapeutical
purposes for people with intellectual or physical disabilities and for the elderly. Through a literature
review, Burstin and Brown (2010) explore the clinical applications of virtual reality technologies, and
also discuss how consoles, such as the Nintendo Wii, can be integrated into different types of therapy
and rehabilitation interventions. According to the authors, virtual reality technologies can raise the
motivation level of patients performing repetitive rehabilitation tasks, and can be used to improve
balance, posture, movements, and cognition through practicing different motor-learning tasks.
Additionally, the authors point out that in contrast to some virtual reality systems, commercial gaming
systems are relatively inexpensive and simple to set up, and may provide an effective alternative.
However they may not be adequate for tracking patients' performance and cannot always adapt to the
patients’ abilities.

Regarding to the use of these type of technologies as therapeutical intervention for people with
intellectual disabilities, Wang Y. et al. (2011) used Wii sports for supporting rehabilitation therapies for
children with Down Syndrome. This quantitative study compares the effectiveness of using Wii Sports
versus standard occupational therapies. Data was collected from 160 children with Down Syndrome
aged between 7 and 12 years old. Participants used the assigned intervention on sessions of 1-2
hours, 2 days per week for 24 weeks. Results show that both therapies are effective in improving
sensorimotor function as compared to children with no therapy; the virtual therapy improved motor
proficiency, visual-integrative abilities, and sensory integrative functions for children with Down
Syndrome; and there was an increase in motor, emotions and behavior skill subsets following both
types of therapies.

In another study, Fenney and Lee (2010) probe the capacity of persons with dementia to learn motor
tasks when using Wii Sports (bowling) as a recreational activity. Participants were 68, 79, and 90
years old males. Quantitative and qualitative data was gathered during 9 weeks followed by a 5-6
month retention test. Results present evidence that Wii environments are engaging. Participants
improved and maintained performance for 5 months and completed motor tasks regardless of the
conditions. Similarly, Yalon-Chamovitz (2008) studied the perceptions and effects of a video-capture
game-based intervention for individuals with severe physical and intellectual disabilities when used as
a leisure activity. Participants in this experiment were 33 young adults with a mean age of 28 years
old. Data was collected using observations, and questionnaires. Participants were divided in two
groups, the control group used traditional activities such as discussions and outings; participants in
the experimental group used the virtual intervention. The activity took place for 12 weeks, 2 or 3 times
per week, 30 minutes per session. Results show that even though there was a high interest in using
the video game, participants were attracted to more active and physically demanding leisure activity
and there were no changes in self-esteem.

Regarding to the use of motion-based video games for physical therapies, Bursting et al.’s (2010)
literature review points to one of the main problems in physical therapies: patients receive a small
amount of therapy time during rehabilitation. Virtual reality can deal with this problem providing
assistance, immediate feedback, and real-time interactive experience. In this review, the author notes
that through this type of therapy, patients tend to forget their limitations. Virtual reality encourages
them to reach their goals and helps them to continue the therapy without feelings of fatigue or
boredom. With the inclusion of new consoles, virtual reality can be cheap, and it is perceived by both
patients and therapist as something positive. Additionally, in another study Eng et al. (2007) propose
a motor neurorehabilitation system for stroke patients with upper limb paresis. The system is a
custom application where the patient controls a first-person view of virtual arms in tasks varying from
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simple tasks such as hitting objects to complex task such as grasping and moving objects. Usability
results show that user acceptance of the system was high; most patients expressed a desire to use
the system on an ongoing basis. Pilot study results show that therapy has not prevented patients’
progress of disease, and suggest that it might add to the efficacy of traditional physiotherapy. Patients
generally accept the therapy system and are motivated to use it. This system is promising for
providing effective rehabilitation based on validated neuroscientific hypotheses. The system may
provide improved efficacy of rehabilitation by enhancing patient concentration through the use of the
goal-oriented tasks. Additionally, it can also be used as both a therapy and assessment tool.
However, more work is needed in defining and calibrating standard tests using the game
infrastructure to ensure reproducible results.

Lastly, motion-based technologies are also used as a therapeutical intervention for the elderly. De
Bruin et al. (2010), in a literature review, have explored the potential of dance-pad-based training
protocols for aged people. The main idea of this type of environment is to combine physical game-like
exercises with sensory and cognitive challenges in a virtual environment. The most common reason
for loss in functional capabilities in the aged is inactivity or immobility. Physical exercise helps to
restore postural balance and walking function. However, physical exercise is sometimes challenging;
people can be afraid or it can be painful. Gaming elements can be used to take patients attention
away from any pain. Dance pads offer a potential alternative for training stepping ability in older
adults, although it still is necessary to conduct further research in order to implement and evaluate
virtual-reality based exercises. Results in an experiment conducted with older adult women showed
that Wii-play did not have substantial physical effects, however, participants perceived an improved
sense of physical, social and psychological wellbeing. Overall the experience was empowering and
motivating for participants (Wollersheim et al., 2010).

Applications in the Classroom

Research related to the uses of motion-based video games as a learning intervention in the
classroom is scant. It is important to note that in this section we are not including physical education
or sports courses, as they were included in previous sections. Yang et al. (2010) have developed a
custom environment called the Physically Interactive Learning Environment (PILE), which is intended
to integrate motion-capture technology into English as a second language classes at an elementary
school level. The system allows students to carry out various English learning activities using physical
movements and speech. Results from a study comparing the English abilities of a group using the
PILE system to a group using traditional teaching using slides indicated that the PILE system had a
beneficial effect on students’ long-term learning. In addition, the system was easy to operate and
enhanced the students’ motivation to learn. These conclusions were based on observations of the
students' behavior during the class, collecting data from pre-tests and post-tests, and through
questionnaires and teacher interviews. Even though it seems that the PILE system is capable of
attracting students' attention, the duration of the study, three weeks, one class per week, was
insufficient to determine whether or not this effect would persist and for how long. Additionally, in a
exploratory review, Maldonado (2010) explores the potential of using the Nintendo Wii in the
classroom. The author concludes that even though the Wii may provide a number of benefits in areas
such as vocabulary building, cognitive development, and participation, it is necessary to consider the
following factors: there is a limited number of players that can participate at one time, movement is
mostly focused on the arms and legs, loud sounds can be disruptive for children pursuing other
activities, and cost.

Conclusions

In the present work, we conducted a systematic review in order to explore the state of the research
related to the use of video games employing motion-based technology for purposes other than
entertainment. The research questions explored in this review were: What is the state of the research
related to using motion-based gaming technologies for learning, and what are the opportunities,
challenges and limitations when using motion-based gaming technologies for serious purposes as
described in the literature?

For the first research question, we found that research has been rigorous in presenting empirical
evidence that support the results. Most of the evidence relies on quantitative data and mixed
methodologies. However, there is a need for more qualitative research in order to increase the depth
of the research and propose new hypotheses. Additionally we found that, in the previous years, these
technologies were expensive and were mostly in laboratories or other types of institutions. However,
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now with the development and release of commercial devices such as the Wii and the PlayStation
Move, costs have been reduced, and motion-based technologies are beginning to be introduced into
more environments. The most researched technology at the moment is the Nintendo Wii, however,
there is a trend to explore new console-based technologies such as Microsoft Kinect.

For the second research question, we found that, similar to other types of video games, motion-based
video games motivate players to be immersed in the gaming experience while developing cognitive,
social and decision-making skills. We also found that there is a connection between physical activity
and engagement in video games fostering learning in different types of tasks, however a more precise
definition of engagement would be helpful. Additionally, we found that motion-based technologies
have been successfully applied in physical and health education, training, therapies, and in the
classroom. Furthermore it has been noted that virtual environments might not be able to replace a
real environment; there is no clear evidence as to whether these technologies can support a constant
change in physical fitness or in which situations they can have a more substantial benefit.

As for future work, in order to achieve a deeper understanding of the potential of motion-based
technologies for serious purposes, it is necessary to conduct more empirical research, create new
hypotheses, and continue developing a deeper and more comprehensive understanding of the use of
these technologies. Both types of research, quantitative and qualitative, could help to elicit different
types of information that will be helpful in reaching more detailed conclusions.
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“Can | wait go to the hospital until after Math class?”

Jeramy Gatza, Florida Virtual School, jgatza@flvs.net
Scott Laidlaw, Imagine Education, scott@imagineeducation.org

Abstract: How can a math game initiate such a powerful change in perspective that
students no longer choose to opt out of being attentive in math class?
Florida Virtual School asked the same question in July of 2011 and partnered with
Imagine Education to find the answers. Using funds secured from the Next
Generation Learning Challenge, FLVS and IE expanded and refined the existing
story-based adventure game, Ko’s Journey, and embarked on an ambitious pilot test
in both the virtual and traditional 7" grade math classrooms. This revealing
presentation will cover the basis of curriculum design and game integration as well as
the results of attitudinal and performance data collected in during the eight-month
pilot.

Overview
A true story from Rio Gallinas, a public middle school, in rural New Mexico...

“A student broke his arm on the playground — | don’t mean a small break — it was a
compound fracture. It was just kind of hanging there, so we had him call his parents
to meet him at the hospital and he got on the phone...| was standing there, and he
said, “Can vyou wait to go there at 10AM... after math class?’
- Sean McLean, 7th Grade Math Teacher, one day after his students’ first experience
with an Imagine Education math game.

Florida Virtual School has partnered with Imagine Education, creators of Ko’s Journey, to pilot the use
of story-based adventure gaming in middle math classes. The transformation in a student's response
to math class from "I hate math" to "Math class ROCKS" can happen almost immediately during
engaging gameplay if it is implemented at just the right time and in right way. The quantified results
reflecting this change—seen in four consecutive years of data collected on low-income minority
students who showed an 80% gain in proficiency on state tests—are eclipsed only by a few thousand
repeated requests echoed in a popular refrain of student enthusiasm, “Do we get to play the game
today?” (Laidlaw, 2011)

Imagine Education (IE) is founded on the idea that through story, one of the of the oldest, most
powerful architectures of human learning, educational games have the power to transform student
attitudes, improve test scores and establish a foundation for future learning. Ko’s Journey, IE’s first
national on-line game release comes directly from the classroom. The concept behind the game was
created by Dr. Scott Laidlaw, co-founder of IE and a teacher determined to engage students whose
chances of succeeding in math were dismally low, not just because of a lack of prior knowledge, but
because of the negative emotion they held for the subject. IE games are a revolution in learning,
crafting every math problem so that it makes sense conceptually, and holds relevance, within the
game mechanic and story.

The concept that math must make sense within the context of the game is a drastic departure from
the majority of educational math computer games available, where an equation or exercise has been
dropped into a traditional video game context. The add-on approach might encourage students to
complete math drills—but it reinforces the lack of meaning and relevance math has in the mind of a
student, particularly for students who are struggling with real-life challenges. It is not by accident that
each and every pixel of Ko’s Journey is unique. The story itself is of a human right of passage, not of
monsters; the student takes on the role of a young girl in ancient wilderness, not a robotic avatar; and
the math within the game invariably, absolutely, and always is transparent, not puzzling or hiding
within the guise of an unrelated action.

Pilot Model

Florida Virtual School and Imagine Education embarked on a challenging pilot project in the fall of
2011 to test the efficacy of Ko’s Journey in the virtual school setting. FLVS integrated the game into
the current M/J Math 2 course, typically taken by 7th grade students, by building an introduction
module that preceded the normal course content. This is a diversion from previous in-course testing
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of Ko’s Journey where students were directed to go in and out of the game at various points
throughout the course. The logic behind this design was to build a foundation for the core skills
needed throughout the 7th grade course. Game play would be continuous for the first three weeks
and then subsequent instruction in the course modules would reinforce concepts learned. FLVS
worked with Imagine Education and John B. Cooney, Ph.D. of the University of Colorado, to conduct
a comprehensive quantitative, and qualitative, research and assessment. Students were randomly
assigned to both an experimental and control classroom for the FLVS six teachers involved in the
study. Students were surveyed on interest level, technical skills, and math proficiency before the
starting the game as well as a post-attitudinal survey after finishing the game module. A comparative
pre-test and post-test were administered in the game platform to analyze learning gains. Results of
this study are still being tabulated and are expected to be available in June of 2012. It is also
important to note that while the FLVS pilot was underway, Imagine Education was conducting a
parallel study in 20 classrooms in 10 traditional schools across the country using similar study criteria.
FLVS is expecting to see increased student engagement, motivation, and performance from the
students who began the course with the Ko’s Journey module.

Project Description

The roots of Ko’s Journey lie in a public middle school in rural New Mexico, where less than one-third
of the classroom was proficient in math, and games where math made sense within a context-rich
story resulted in immediate improvements. Bolstered by an initial climb in test scores when compared
with peers beginning at the same level, the popularity of the games led them to become the primary
component of the math curriculum. Studies evaluating the effectiveness of the in-classroom game
showed impressive results; on comparing the New Mexico state average score (Standards Based
Assessment in Mathematics, 5"-8" Grades) to the scores of students involved in IE’s games (public
schools) show a clear difference. The data are validated in that both groups of students began at the
state average of approximately 28% level of proficiency. |IE students involved in the games for two or
more years showed a rate of proficiency more than double that of their New Mexico peers (n=91)
(Laidlaw, 2011).

After a year of beta-testing a hybrid model between the large board game format and web-based
software, |IE began production of a fully web-based model of the most stable and engaging game
architecture tested in the classroom and beta released this first-of-its-kind game in April 2010.

Technical Features, User Experience & Common Core State Standards

By presenting math within a rich and meaningful story context, we find that students of all abilities are
able to stop asking “Why Math?” and start thinking about math, while engaging in repetitive, context-
rich practice. Ko’s Journey is a unique, first-of-its-kind attempt to use the newest pedagogy of video
game technology as something more than animated flashcards or repetitive practice. Dr. Keith Devlin,
author, Stanford Mathematician and leading researcher into educational math game technology, has
recognized of Ko’s Journey as an outstanding example of a “second generation math game” in recent
presentations—taking us in the direction we must be headed if we are to capitalize on the true gains
in learning that are theoretically possible with video game pedagogy, as outlined in his recent work
(2011, 2012).

The central aspect of Ko’s Journey, as a learning module, is a story-based game. Delivered via any
common web browser through a blend of Ruby on Rails, Flex SDK and Adobe Flash, it is functional in
over 90% of test cases on extant computers and netbooks used in schools throughout the US. Using
an architecture called a “string of pearls” design, the game is played on individual machines. Students
begin by logging onto their personal dashboard to take a multiple-choice pre-test and open-ended
survey, which are saved and sent to the teacher dashboard. Next, students delve into the game
through an introductory movie (as the game downloads behind the scene) that immerses students in
the story of Ko, a young girl in ancient wilderness who must make her way back to her kin and a math
module that teaches about the origin and use of degrees in a circle. Their first task is to set a
compass to the proper degree and enter the correct number of steps Ko must take to “find” the next
“clue.”

Once “Ko”, or rather the student role-playing her, “finds” the guidebook, the concept of the game truly
begins. It is here that the heart of Ko’s Journey is found, in an elegant game mechanic that allows
students to progress using math in a highly functional and repetitive approach targeting critical areas
of the Common Core State Standards (CCSS) for 7th grade math, and reiterates associated
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background knowledge including the critical areas in 5th and 6th grade mathematics. Using
continuously dynamic factors, students progress through the game and experience Ko’s Journey by
adding how much “they” are carrying in “stones”, see how fast they can travel using a graph in the
guidebook, determine their “biome velocity”, multiply that speed by the number of “phases” they have
left in the day, and then apply distance to scale. It starts with simple whole numbers and no
adjustment for the biome then, as the student progresses, the challenge increases. Toward the end of
the game, a student must add fractions with non-common denominators, read and comprehend a
graph, take a percentage of a number, multiply that decimal by unique factors, and then apply that
number to scale, all to make a single movement of Ko. The imbedded practice and assessment found
throughout the game architecture is powerful. It is nearly impossible to not understand the basic
concepts presented then put them into functional use.

As an endorsing partner of the CCSS initiative, IE created Ko’s Journey to provide students with a
focused, immersion-based learning experience for the following 7" grade math CCSS: (1) developing
understanding of and applying proportional relationships; (2) developing understanding of operations
with rational numbers and working with expressions and linear equations; and (3) solving problems
involving scale drawings and informal geometric constructions, and working with two- and three-
dimensional shapes to solve problems involving area, surface area, and volume. Ko’s Journey also
incorporates and reinforces CCSS for 5th and 6th grade math, including fractions; division using two-
digit divisors; concepts of ratios and rates; and using expressions and equations. Throughout the
course of the game, students encounter deep-learning concepts of critical thinking, collaboration and
learning-to-learn. The numerous complexities within the game architecture provide opportunities for
students to discuss and learn from one another about how to approach various problems, while
limiting copying from one another or sharing simple answers.

In the game mechanic, there is one key feature that makes it all work, and creates the deep learning
experience that really affects change for the students. Math is coherent in how it might be applied.
This game mechanic is not just an add-on—it came from an actual 100-mile trek through the highest,
most remote mountains in the Peruvian Andes, where a similar type of math was applied during
climbing. The difference may seem subtle, but it is the key difference between a short-lived jump and
long-term student growth. It is a believable mechanic for students because the game architecture is
repetitive, simple, increasingly more difficult, and the math concepts are deeply learned with a
growing emotional confidence. And because they make sense, the math concepts anchor.

The technical features for progress are intentionally simple. If the student enters an incorrect answer,
they do not progress, but receive encouraging feedback to “try again”, at which point they can re-enter
the guidebook to review how to solve the problem. Teachers have reported that even students who
are scoring well below their grade level on math assessments are still able to navigate, enjoy and
learn from the game. Within the string of pearls design, as Ko travels, students encounter additional
story-based modules that make sense within both the scope of the overall game and from an applied
mathematical perspective. For example, early in the game, Ko must save a sick wolf pup by mixing
medicines in specific ratios. Later along, she finds the North Star using Cartesian Coordinate mapping
and a line equation. And, because she does find the North Star, she is able to travel at night, allowing
for more travel time and distance to be gained, a major reward for students.

Learning Improvement & Program Enhancement

There is something else crucial to the architecture and concepts underlying Ko’s Journey — it is not
only what the students experience, but also what they do not. There are no arbitrary rewards such as
points and awards. In our research, IE found that a point-based reward approach in math games
encourages students to attempt to get done more quickly just to get the points, which leads to more
mistakes and a lowered conceptual learning. A powerful finding of IE is that students (with the
exception of summative assessments) work with more purpose when math is carefully embedded in a
story. A teacher who recently used Ko’s Journey in her Math Enhancement class was pleased to note
that “Activities were repeated and scaffolded in complexity to drill the concepts, but in an interesting
way through the student’s engagement in the story, not rote memorization.”

Stories, in narrative structures, provide a way to capture the complexity, specificity, and
interconnectedness of an experience and conjoin them into coherent, meaningful, unified themes
(Olson, 1990). Social scientists such as Bruner (1985) spoke of a narrative mode of thought and
Sarbin (1986), who proposed story as a "root metaphor" for the study of human conduct, supported
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an interpretive method that embraces the use of narrative. They contend that “story” provides a unit of
meaning that stores and permits retrieval of the experience. Story provides an incredibly powerful
means for learning, helping us store information in our memory for referral. In other words, compelling
story pedagogy takes learning deeper.

With nearly a decade of experience of imbedding math and other textbook concepts within games, |IE
knows that skill at solving contextually-rich math does not always easily transfer over to skills in
solving problems on a math test. Research has shown that math that is learned in any one context
does not automatically transfer well to any other. Lave tested this with clothing tailors who were using
a type of math, but could not then conduct the math in a textbook form. The reverse was also true;
students who had mastered the math in textbook form could not apply it to the tailoring situation
(Lave, 1988).

Thus, a critically important—and unique—feature of Ko’s Journey is a set of learning modules that
first reference math concepts in the game, then reference the same concepts in a different but
engaging context, and then finally provide practice of the concepts in a standardized test context. The
technical architecture to support transfer of learning in Ko’s Journey also provides the basis for the
imbedded student progress tracking. After students complete a module in the game on the Flash side
(i.e.: the compass task), a “transfer of learning” lesson and quiz is triggered behind the scenes to be
completed, and results are posted on the student and teacher dashboards.

Curriculum Specialists worked with educators and teams of college students (including minorities for
modeling purposes) in a challenge format, to create additional engaging contexts for the same math
concepts already seen in the game through dynamic videos that explicitly teach transfer of learning
along with standardized assessments. In the enhanced Bridge Curriculum, students watch the
videos via the student dashboard, take sample quizzes, and can use animated tutorials to improve
their understanding of concepts. Through our existing architecture, scores and data are
automatically sent to the teacher dashboard, along with formative, deep-thinking narrative responses
completed by students. Another feature to be added is animation of the existing problem set images
found in the game guidebook.

Assessment Model

There are six primary features that assess student learning in Ko’s Journey, creating a
comprehensive overview of math proficiency, including: (1) progress in the game itself; (2) interactive
problems sets; (3), a deep-thinking narrative response to video; (4) a pre-and-post multiple choice
measure that will be developed as part of our research to assess students in CCSS; (5) multiple
choice, short answer and narrative questions related to “bridge content;” and (6) a unique, pre-select
format to enhance mathematical language. All features are fully integrated into the web-based game
and provide automatic tracking for teachers.

The first aspect of assessment (in-game) is the most simple, and the most powerful: if a student
answers a problem incorrectly, they do not progress. This is usually avoided by nearly all web-based
curricula, for in the eyes of many developers, this architecture has a fatal flaw: “What if the student
gets stuck?... They could be there forever.” As the goal is to create an autonomous process of
learning, getting stuck means the end of the game, especially with the complex problem sets seen in
a program like Ko’s Journey. However, for Ko’s Journey, this concept works. Because student
engagement is higher, student effort to continue is higher. This small slice of cause and effect means
that this type of assessment actually drives competency. During beta-tests, extremely low proficiency
students (in the lowest 10% of their grade levels) continued playing Ko’s Journey and searched for
solutions during recess breaks or lunch periods. If students did get “stuck”, they looked to the in-game
guidebook to seek answers, and were successful in nearly all cases. Within Ko’s Journey, getting
stuck provides an opportunity for deeper learning, as a student searches for answers and learns-to-
learn. Like all aspects of Ko’s Journey, assessment of game progress is functional in that mechanics
are conceptually accurate. For example, when a student sets the compass to the incorrect angle,
instant feedback is provided as Ko then walks at the incorrect angle.

Goal

IE seeks to circumvent emotional resistance to math by providing students with an opportunity to
create a relationship to math that is based on purpose and meaning. By introducing CCSS and
exercises in a manner that makes sense within an engaging and complex story, students’ attitude —
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and aptitude — in math is transformed. When the story-based learning is fully integrated into the
classroom curriculum, teachers can then monitor their students’ successes within the game and build
upon this in the classroom to create a lasting impact.
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The Role of Quantitative Assessment in Just Press Play:
A Pervasive Game Addressing College Retention Issues
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Abstract: American Colleges and Universities continually face retention issues,
especially during students’ freshman years; meanwhile, students often face less than
ideal experiences transitioning to college life. Society at large endures the costs of
low college freshman retention rates. Just press play (JPP), a project being
implemented at the Rochester Institute of Technology’s (RIT) Interactive Games and
Media School, aims to address these problems head-on through pervasive gaming, in
which students are presented with opportunities to become integrated into the
community, receive support, excel academically, and achieve a solid social, personal,
and academic balance, all while having fun gaming. Research efforts focus on
addressing how well the program is working, possible improvements, the nature and
quality of the relationships between JPP, students, faculty, and the RIT community,
and determining associations among variables that present opportunities to
strengthen JPP’s impact. Quantitative analyses focus on the JPP experience in
regards to impact on student life and academics in addition to future considerations.

The College Freshman Retention Dilemma

American colleges and universities graduate students from four-year degree programs at a rate
approaching only about fifty percent of students admitted, a figure reported out as recently as August
2011 (Schneider & Yin, 2011). This is an alarming figure considering the ease of access and
availability many students encounter through online and technologically enhanced courses, which
often include Web-based support, discussion board forums, and plenty of links to additional resources
for help. A (2011) report published by the American Institutes for Research calculated calamitous
personal and national losses to total roughly $158 billion forfeited in personal income and $32 billion
vanquished in federal income tax payments for one cohort of only freshman college students in just
one year. These figures don’t account for the devastating impact of state tax losses or for students
outside this single, small cohort. It is noteworthy to mention that these figures were calculated during
the recent national recession and account for high unemployment rates, which are often minimized in
populations of those possessing undergraduate bachelor's degrees (Schneider & Yin, 2011).
Furthermore, about half of college freshman leave their initial institution before beginning their
sophomore year or drop out completely (Adams, 2011), illustrating the gravity of freshman retention
efforts in the overall crusade to graduate educated students ready to enter the workforce.

Motivation, adjustment, and dispositional and academic optimism have been linked to freshman
retention rates. Social, emotional, and academic adjustments are compelling experiences that
deserve more attention in the higher education landscape (Nes, Evans, & Segerstrom, 2009).
Meanwhile, while many colleges and universities have amped up their attempts toward retaining
freshman students by implementing programs such as mandated freshman orientation courses,
utilizing academic counselors to text students reminders of quizzes and exams, guiding students
through the financial aid process, and providing counseling support to students, few programs have
proven to be durable and reliable enough to deliver solid results (Adams, 2011).

Just press play: a Solution to College Retention Problems

This year, a ground-breaking initiative, Just press play (JPP), funded by Microsoft and launching at
the Rochester Institute of Technology’s (RIT) School of Interactive Games and Media (IGM), will
make a formidable, focused, and solidly-planned step toward addressing college freshman retention
rates by implementing a project that specifically aims to tackle the difficulties freshman have when
adjusting to their new college lives, socially, academically, and emotionally. Although RIT’s School of
IGM remarkably has a retention rate surpassing the national average for related programs, about 11%
of RIT’s IGM freshman cohort on average fail to return for a sophomore year of education in the
program (http://games.rit.edu/~thinkplay/a-vision-of-play, 2011). In addition to the JPP program
striving to confront freshman retention issues, administrators and faculty members at RIT
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acknowledge that progressing into the games and computer industries can be troublesome even for
students who do graduate from the program, and are confident that JPP will aid students in adopting
healthy social, emotional, and work-related habits that liaise expertly with the professional landscape.

In the Interactive Games and Media [School], we have identified a series of “choke
points” for our students; these are points where they must make significant changes
in their understanding of the field and the quality of their work. It a series of steps. It is
a process of growth. In game terms, it is “leveling.” [JPP] aims to produce a proof-of-
concept system that encourages student development through achievements and
formative feedback. It conceives of the student experience as mirroring what
Campbell (2003) has described as “the hero’s journey.” In that journey, not every
element of the adventure is directly or immediately relevant to the overarching goal,
or at least not in a way that is immediately evident to the protagonist. This is also true
of the student experience; students struggle at times to understand how a given
assignment, course, experience, or action relates to their educational and career
goals. As educators, we strive to connect the dots between their curricular work and
their professional goals. Faculty are their mentors in this journey; the Gandalfs to
their Frodos. An achievement-based game system can encourage students to think
of the “necessary obstacles” in their path as part of a coherent narrative of their
learning and professional development. [JPP aims] to help our “student-heroes”
determine what tools they need in order to successfully navigate those obstacles
(their “academic dragons”) along the way. (Just Press Play, 2011)

Designers at the Rochester Institute of Technology’s IGM School have created a widespread game
that bridges students’ academic, professional, and social lives using the JPP platform. Students in the
Game Design and Development and New Media Interactive Development programs will have the
opportunity to play through different quests en route to acquiring badges and achievements that will
afford them chances to adjust to the college lifestyle, prepare for their future career goals, make new
friends, find and network with people who have similar interests, and perform well academically, all
while sanctioning feelings of growth, creativity, and ability in a supportive community. “[Thinking] of
the “choke points” described [above] as the “level bosses” in our game, the goal of this system will be
to allow students to better understand what skills they need in order to successfully defeat those
bosses, and to encourage their engagement in activities that will build those skills” (Just Press Play,
2011). Furthermore, JPP will allow students to display their various talents and skills to friends, family,
colleagues, and even to potential employers. In fact, students themselves will be encouraged to
develop quests that they feel are inspiring and worthwhile (Lawley & Phelps, 2011).

As feeling socially isolated in a new place can be a challenging adjustment, JPP will focus heavily on
collaborative and often fun activities, such as giving students the option to complete a quest that
involves leaving campus to have dinner with a group of RIT friends, an activity faculty members at RIT
have noticed happens rarely due to the nature and location of the campus. Other quests may entail
activities like participating in a study group for the first programming course in a computer science
sequence, going to say hello to a faculty member and locating a hidden object in their office (an
undertaking freshman students are particularly thought to be shy about), visiting the career counseling
office, stargazing with friends one night, or becoming involved with a sport at the recreation center.
JPP seeks to afford opportunities for achieving balance in students’ social, personal, and academic
lives, while making them feel as though they belong to a supportive community (Lawley & Phelps,
2011).

First and foremost, however, JPP does not aspire toward “pointsifying” the college experience in a
cheap, commercial fashion. By evoking intrinsic rather than extrinsic rewards and focusing on
valuable game design, JPP targets the exact principles that oppose the notion of pointsification, which
inappropriately tries to capitalize on the mere and sometimes groundless presentation of points,
badges, and scores as rewards in and of themselves. In the true sense of the ideas captured by the
idea of successful gamification as being an experience inseparable from the spirit of a well-developed
and fun game (McGonigal, 2011), “We intend for this game to take place online and in physical space.
Students would play it in the classroom and the dining room, in shared spaces and alone in the
confines of their head, on campus and off campus. The game will invite players to activate the spaces
around them, encourage their interaction, and reward their engagement with the learning process...
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The game will infuse their day-to-day experience with a real sense of play that reflects the playfulness
of learning at its best, the (hero’s) journey it can be” (Just Press Play, 2011).

JPP will be embedded in a wide array of RIT systems, including the RIT courseware system, library
databases, co-op system site, and more. Hidden content (much like finding an extra, secret level in
one’s favorite video game) will be unveiled to students playing JPP, at which point they can decide
whether or not to complete a discovered quest (Lawley & Phelps, 2011). Undoubtedly, this could
become a game in and of itself and stimulate students to collaborate regarding their experiences with
JPP with other students, who may want information about where hidden quests might be found. A
parallel image of children leveling through a traditional video game, talking about it to their friends,
visiting sites where information can be found, and most importantly having fun while being challenged
is brought to mind.

From a technical standpoint, JPP will utilize card readers at various locations around campus that can
essentially check students into a location where a quest activity may be. Privacy issues are a
substantial consideration, and will be monitored carefully. Students will clearly know what type of
information is recorded and to whom the information may be communicated to. Careful data
management will need to reduce the likelihood of a security breach in addition to being minimally

prying.

The Role of Quantitative Research in the Overall JPP Assessment Plan

Due to the sensitive nature of the project, unbiased University of Wisconsin-Madison researchers will
implement a substantial assessment and review that involves design recommendations for improving
JPP. As part of a two-fold initiative involving both extensive qualitative and quantitative research
goals, a mixed methods approach will be used to assess JPP. Quantitative research questions
include addressing how well the program is working, how it can be improved, the nature and quality of
the relationships between JPP, students, faculty, and the RIT community, and determining
associations among variables that present opportunities to strengthen JPP’s impact.

Survey data and research conducted on data gathered through JPP'’s infrastructure will be analyzed
extensively. Both students and faculty members have participated, as faculty members’ involvement
with the project is critical for success, although the main quantitative analyses will focus on student
data.

Variables of particular interest include the nature and quantity of badges/achievements awarded, the
nature and quantity of quests undertaken but not completed, course enrollment and course-load
information, participants’ beliefs and attitudes about various aspects of JPP and RIT in general,
students’ academic and professional goals, and overall reported academic and community-related
successes.

Determining which variables have a predictive and causal relationship in measuring the potential
successes and failures of the program is critical and can lead to important modifications in the design
of JPP. Determining whether or not there are significant differences in the outcomes among different
groups while controlling for covariates in the model represent a gold standard in means-based testing
and often provide key indicators that demonstrate strong differences among groups of data.

Finally, significant negative and positive correlations will be investigated at a more basic level, and
relevant basic descriptive statistics and visuals will be divulged in order to provide important
background information and a big-picture view of the research. Typical power and effect sizes will be
reported out for all communicated and relevant findings.

Impact and Future Research Directions

Benefits to participants in the JPP study are twofold: first, interviews with participants can serve as a
vehicle for greater cognizance and reflection on the game on behalf of the individual participant,
himself or herself. Secondly, participation may provide participants the opportunity to reflect on their
uses of technology and to become more aware of the wide range of possible technology-related
knowledge and skills that they already possess, thus potentially allowing them to view their game-
related activities as academically beneficial and life-enhancing.
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The results of the overall project can be of benefit to participants on a larger scale in recognizing the
intellectual work involved with their participation with social media and digital technology. This could
also help other universities who are thinking about implementing similar programs and allow them to
build on the initial results of JPP.

Acknowledging that an initiative like JPP may have pervasive relevance to diverse educational and
commercial settings, the goal of this research is to chronicle and divulge the design and
developmental processes alongside research findings and JPP’s ultimate impact on the community.
Determining best practices would prove useful to a host of different establishments.

Data collection and analysis is slated to conclude in June of 2012, and full research findings will be
reported out and presented at this time. Follow-up measures at the end of the 2011-2012 RIT
freshman academic year, as well as subsequent years present an interesting opportunity for research
on longer-term impacts of JPP.
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Hunting for Identity: Community, Performance,
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Abstract: As we increasingly incorporate the virtual into everyday life, we open new
spaces for exploration and encounter new (and very old) questions about the nature
of identity: Where does identity come from? How do we engage with others in spaces
where only a non-real representation is our source of identification? This paper
argues for a re-thinking of our notions of identity grounded in the everyday world and
proposes a more comprehensive set of definitions to encompass the expanded
spaces of identity in the digital age. Using the online game World of Warcraft as a
backdrop, | offer three key concepts to describe identity: that it is performative and
relies on various states of being and actions; that it is projected both by individuals
outward as well as by others onto an individual; and that it is punctuated by specific
times and places and actions.

Identity is a vexing issue. It depends on people and perspective, on power and position, on
performance and permanence. Yet when discussing identity, it is often treated as though it were a
unified whole, a thing to be studied as-is, to be codified and crystalized into a specific description at
the expense of all the various ways of asking: What am 1? Who am I? How do | know? What do others
know? What can | do? What can others do to me? This is further complicated when considering
virtual spaces like videogames, where a medium sits between “me” and the world, and between “me”
and others within that world. The interactions and transactions between the player, the world, and
others is filtered by a shared metaphor (the game) and an inherent distance (the medium). Players
must negotiate yet another layer of possible meanings to form an identity for themselves and for
others, a pixelized persona that further complicates how we see ourselves and others, and how they
in turn see us.

When discussing identity in all its manifestations, then, it is necessary to recognize that there is no
singular identity, but a nexus of possible identities which includes how we think about ourselves, how
others think about us, what we actually do, and when we actually do it. Each of these are a particular
way of thinking about what identity is, from a functionalist view (“what are the actions taken”) to an
ontological view (“what are the nature of the things involved”) to an epistemological view (“what do the
actors know about and believe they are doing”). Each of these views are important at different times;
we can call on a particular view to describe a particular feature of an identity. Considered together,
however, they form a more complete understanding of identity in all its complexity. Indeed, together
these features make up the ways we define ourselves and others, how we orient ourselves to the
world, and how we act within it. Identity is a continuum of states that can be described in a number of
ways; these various descriptions are useful when looking at different aspects of any identity but do
not, in themselves, adequately describe an identity. Only collectively do we come closer to
understanding the complexity of any given identity.

This understanding of “identity” relies heavily on a social constructivist view in that it assumes that our
understanding of the world comes from our engagement with other actors, institutions, and constructs;
it does not discount the individual experience, nor the “brute facts” of reality, but contends that
meaning-making occurs primarily through our social interactions (Vygotsky, 1978; Searle, 1995;
Latour, 2005; Kress, 2010). This observation is important for three reasons: it allows for an external
reality in which we exist but do not have access to all information; it relies on an interpretive,
experiential understanding of reality; and it assumes that this interpretation is filtered through both our
previous experience and—more importantly—with the norms, customs, and institutions which exists
outside of our control.

Further, identity also depends explicitly on the particular circumstances at any given moment, that the
actors, objects, spaces, and relationships present determine that “version” of what an identity is.
Some of these versions are more stable than others; being “American” is an identity that relies on
numerous traits shared across time, while being an “ATM user” is more isolated and temporary. Some
may be more dominant than others as well; again, being “American” entails a whole slew of customs,
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expectations, behaviors, and beliefs, which influence being an “ATM user,” like expecting other users
to stay a certain distance away while using the machine. The actions taken and the actors involved
significantly influence how an individual defines themselves and how others define them. These
contingencies—on time and place and relationships—help determine the identity of those involved.
They also further suggest the variability of identity—who | am is really about who I am right now.

Given these assumptions, then, what can we say about identity? Partly that it's performative; that is,
identity relies on the various states of being and the actions taken. Partly, we can say that identity is
projected; an individual actor assumes a position and performs actions that they intend to be
interpreted by others around them (an outward projection), and other actors both create and enforce
expectations that influence the individual actor's choices (an inward projection). And partly, we can
say that it is punctuated, that it depends on the specific contexts in which actors participate. These
features are collectively a way of describing what identity involves.

It might prove useful, then, to examine specific examples of these features in action, how they are
manifest in particular ways in particular spaces. Using the massively-multiplayer online game World of
Warcraft as a lens to focus this analysis—and particularly comments from players of the game around
the hunter class and the derogatory term “huntard”—I argue that identity is a socially constructed set
of performative behaviors and beliefs that is context dependent and provisional.

A brief history of the hunter class in World of Warcraft

I'll begin with a story, one not uncommon to players of World of Warcraft and certainly not unique to
just the hunter class, but which highlights the sticky problem of identity—in all its forms—in action.
Moxie was a new player of WoW (and whose name I've changed for this analysis), and chose to play
as a hunter. She played through the introductory quests and leveled her character into the mid-20s;
she explored the world and spent some time outside of the game on websites and forums reading
about WoW; she even participated a little in the game’s chat channels, asking questions and telling
jokes. When she was invited to a group to play through a dungeon, she was excited and a bit
nervous—this was her first chance to fight alongside friends and allies, and she was eager to show off
her skills. The group entered the dungeon and then waited, for what Moxie didn’t quite know. No one
had made a move yet, so she decided she would try to kill the enemy first, to be the hero, to show
how powerful she was, and how valuable to the group. She sent her pet in, waited a few seconds, and
fired her own shots. She expected a quick kill—they had almost always been that way so far, after
all—but it did not come. Instead, other nearby enemies noticed the commotion and joined the fray,
swarming the allies and sending them scattering and shouting. In the chaos and confusion, she
watched her companions die before being overwhelmed herself. As the dust settled, the
recriminations began, chastising her, mocking her, calling her names: “huntard” they shouted, then
kicked her from their group and far away into another place in the world, with wounded pride and little
confidence, left wondering: what had happened? Why had her companions abandoned her? What
had she done wrong?

To answer these questions, it's important to understand what the hunter class is and how it relates to
other classes in World of Warcraft. A player of a particular class is expected to meet the roles that
they are capable of performing; a hunter is a DPS-exclusive class, meaning that they are primarily
responsible for providing damage to enemies. The hunter's role is primarily to provide enough
damage to an enemy without interfering with the tank's responsibility (keeping the attention of the
enemy, otherwise known as “holding threat”’). Hunters have particular expectations about their
behavior and performance that are assumed by other players in order to cooperate effectively. It is
this set of expectations that can cause the kind of confusion Moxie experienced, and that is the heart
of this analysis; namely, that she did not understand these expectations and “mis-performed” in her
role as hunter, and the group identified her as a particular type of player and responded accordingly
(and negatively).

Moxie's experience was not an isolated event, and indeed only happened because of a long history of
the breakdown between a player's assumed or expected performance and their actual performance.
Historically, hunters have been considered an easy class to play; because of the ease in playing the
hunter class, they have attracted players who may not be familiar with the game or videogames in
general. The result is that hunters were often “bad” at playing the game, and became stigmatized over
time because of this mismatch in the assumed/expected performance and their actual poor play.
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And so, as often happens in situations like this, others came up with derogatory terms for these
hunters; inspired by the long history of the “retard” insult, World of Warcraft players began referring to
these poor players as “huntards.” Along with this insult went a new assumption about what huntards
were and what they did. They would break the rules (often unspoken) about what they were expected
to do as hunters: they would take threat from the tank; leave their pets on aggressive (and
subsequently engage enemies when the group may not be expecting it—Moxie's particular sin); fight
in melee range instead of at range, where they are far more effective; and (in)famously not pay
attention to the fundamental mechanics or requirements of effective gameplay. While these kinds of
breakdowns between the expected performance of a class and a player’s actual performance are not
exclusive to hunters, they became most closely associated with the class and the term “huntard”
became a quick way of identifying and labeling a bad player. As the game changed and other classes
began to attract new or bad players, the “-tard” epithet was applied to them as well; in particular, the
Death Knight class introduced with the Wrath of the Lich King expansion was often considered
overpowered, and many players played the new class poorly. Unsurprisingly, these players were
labeled “deathtards,” an homage to the huntard and evidence of the power of the original stigma of
the bad hunter.

Nevertheless, it is important to recognize that the “huntard” identity did not spontaneously come into
existence, but developed through a chain of interactions over time (even those that came from outside
of the game itself, like the “retard” component). Further, because these interactions occur between
various participants over time, players often have no control over what happens before them, and
encounter a pre-formed expectation of what a huntard is and can do little to change this attitude.
Moxie came to an environment that had highly ingrained social constructs, and she failed in
navigating them and so was labeled a huntard. Even though she had never played with other players,
let alone the particular group she joined, they already had a pre-formed way of identifying her, which
stemmed from the long history of other (bad) hunters. Aware or not of this history, hunters face a
particularly institutionalized set of assumed performances in the guise of the huntard that they must
negotiate through their specific performance, and they may remain without control to directly confront
this particular identity. It is this institutionalized identity of huntard that this analysis considers, whether
justly deserved or not.

Performative identity

The focus on performance in identity creation comes from a belief that doing and being are intimately
related (Dourish, 2004). That is, the actions we take both reflect and create the sense of self and—
more importantly—suggest that identity is not a static thing but rather a dynamic way of describing
something. As Holland et al. (1998) argue, “[w]e are interested in identities, the imaginings of self in
the worlds of action, as social products; indeed, we begin with the premise that identities are lived in
and through activity and so must be conceptualized as they develop in social practice” (5). This
approach suggests that not only are individuals acting in the world, but that others also act on and
around the individual—indeed, that the world is experienced as a space for action; secondly, it
establishes that the “worlds of action” that we exist within have a direct influence on how we choose
to act. It is through our ability to act and be acted upon which helps us define who and what we are—
in short, how we form an identity.

The second major reason for focusing on performance as a key component of identity creation is that
it aligns closely with the space of this particular study, namely World of Warcraft. As a game, it is
designed to be played, and this play consists primarily of acting upon and within the game world itself
(though certainly not exclusively, as the plethora of WoWe-related blogs, wikis, websites, forums,
cosplay events, and a host of other activities demonstrates). In other words, it is a “world of action,”
and one of a very specific type that can be delimited somewhat explicitly. Unlike the “real” world,
World of Warcraft has a rather narrow set of explicit actions that can be taken as well as explicit
limitations; whereas in the real world, the possible actions one can take are almost countless, World
of Warcraft has a much smaller pool of actions and states a player can choose from.

A critical observation here is that these affordances and limitations in action are intentionally designed
(Squire, 2006) by a specific entity, here Blizzard Entertainment, Inc. (hereafter referred to simply as
Blizzard). Blizzard establishes the rules and systems that players use to play the game, and controls
the implementation of these systems; they are the “gods” of the game, capable of changing the rules
(and therefore the types of actions a player can take) at any time. Importantly, World of Warcraft is a
“living” game in that it changes over time. Unlike a game like, say, Final Fantasy VII, which remains
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essentially unchanged more than a decade after it was released, World of Warcraft has undergone
thousands of major and minor changes since its initial release, from altering the design and shape of
the world to adding and removing abilities to creating all new character classes. This iterative nature
makes describing the game a bit of a moving target, and some things that are important at a given
time may not exist at all in a later version of the game. For example, hunters recently received an
ability that lets them launch traps which freeze or damage enemies; prior to this ability, hunters had to
lay the trap directly at their feet. This change alters how hunters can perform—and in turn, how others
expect them to. If nothing else, this iterative nature also supports the assumption that identity is
provisional, as the game world can change such that a player literally cannot do something that was
previously a key characteristic.

Because Blizzard designs the particular ways a player can act, they prescribe the ways identity can
be formed; for if we assume that identity can be described by the types of actions an individual is
capable of, then these defined limitations bound the potential actions, and therefore the potential
ways of describing them. For instance, a hunter is given a wide range of offensive abilities, both
ranged and melee; though highly inefficient at melee range, they can fight this way; so they can be
called melee fighters. However, a hunter cannot heal (outside of very minor things like bandages and
some small race-specific bonuses); they cannot be healers. The types of actions available to the
hunter, then, define what they are capable of and, by extension, how they can be identified.

The flipside to this, of course, is that a player must actually do those actions in order to be identified
that way, that they emerge from the performance of the player. Just because they are capable of an
action does not mean it becomes manifest; they player must actually perform the action for it to be
recognized (Gee, 2002). The game allows all hunters to extreme solo (fight high-level bosses by
themselves), but not all hunters can or do. This is an important distinction in terms of identity, because
identity creation depends not just on what a player can do, but what they actually do; it is enacted by
players, and it is through this enactment of the afforded actions that they express themselves.

Here, it is interesting to note that some enactments are not explicitly endorsed or supported by the
game's designers, Blizzard; rather, they provide a tool for players but it is up to them how to decide
how to use it. For example, a common behavior for huntards was to use the in-game item distribution
tool to try to get every piece of gear that dropped from an enemy, claiming that it would help them
even if it actually wouldn’t. The usage of the tool—and in this case, the mis-use of the tool—created a
defining characteristic of the huntard identity. So identity does not rest solely on the actions possible
in the world, but also on the actions taken. In this way, they serve as an institutional guide steering
players towards certain “preferred” actions.

Nevertheless, players had enough freedom to not use these actions correctly, and their mis-
performance (that is, their mis-alignment with the intentions of the designers, and therefore the other
users of the world as well) gave rise to an alternative identity of the hunter which became the huntard,
with all its various deviations from the preferred norm. Thus, performative identity relies both on
prescribed and emergent actions; that is, what can you do as well as what do you do. The huntard
identity came about because of all the things they did—and didn’t do—within the world and with other
players. The huntard was identified by their actions, by their attitudes, and by their performance of a
set of loosely codified behaviors that deviated from the expectations of good play. By mis-aligning
their play from the norms of other WoW players, they created a new identity that became the huntard.

Projective identity

This mis-alignment highlights the potential for variation from what an individual sees themselves doing
and being and what others see. Put another way, social actors can misrepresent, misinterpret, and
misbehave with each other, and these misunderstandings come from the various perspectives of the
participants. Even more directly, what one person thinks they are can be vastly different from what
someone else thinks they are. Where do these variations come from? To start, it might be useful to
think about them individually before considering how they align (or don't).

Outwardly projective identity

An individual possesses some greater or lesser imagination about what they are, what they look like,
what they do, what they believe in, and so on. When they act, they act with the belief that they are a
specific person doing a specific thing; how they act is determined by what they want to accomplish
and how they think it will best be realized. An individual actor assumes a position in which they project

139



outwardly what they believe they are and how they want to express it; this is a performative function
(what | do) as well as a more conceptualized function (what | “say” about what | am, for example).
When considering a videogame, which requires a mediative tool within the construct of a designed
space, one way of describing this projection is in terms of the player's relationship to their avatar (the
most direct mediator in-game); Gee (2007) offers a description of this kind of “projective identity” (p.
70) as:

virtual character (player surrogate) <— — character's goals + player's goals < — virtual world

This is an example of what | call functional projection; it describes a way of relating to the tools
available (the avatar and its functionality), the things the game wants you to accomplish (what Gee
calls the “character's goals”), what the player wants to accomplish (the player's goal) and the world,
which provides the space and context for acting. In this sense, the functional projection serves as a
way of understanding what a player wants to do and the way in which she can do them.

This model can also be adapted to describe the way a player relates to the other actors involved in
and around the actions, what | call the social projection:

afforded actions — — societal goals + player's goals < — social context/audience

Here, this relationship describes the ways a player can act (afforded actions), what the other players
want or expect (societal goals), what the player wants to do (player goals), and the space and actors,
which define the context for the action (audience). In this way, a player thinks about what might be
expected of her, how that compares to what she wants to do, and what means she has available to
accomplish this. It also suggests that the player's goals are always a compromise with what others
want and expect.

A prime example of the outwardly projected identity is “mailbox camping.” A common practice in
World of Warcraft, mailbox camping refers to highly-geared, “leet” players loitering around highly-
populated areas of the world like the mailbox or the auction house, showing off their great gear and
rare pets. What these players are doing, arguably, is projecting a display of mastery of the discourse,
of verifiably high-level performance and superior abilities (Donath, 2007). What the player projects, or
thinks they project, is uncertain, but it can be assumed that they are “showing off” how good they are
and how much better they are than virtually any other player that might happen to pass by. However,
what others see might vary significantly. Some may see the camper as a role-model of sorts, or
something to aspire to; they can look at his gear and see how he has “built” his character through
talents and equipment and use it as a template for their own performance. Others might, however,
see it as a form of braggadocio or bravado, as pretentious or even disrespectful since he might linger
for hours at a time near highly trafficked areas of the world showing off.

This division—what a camper thinks they are demonstrating and what other players think about
them—is at the heart of the huntard identity; hunters rarely self-identify as a huntard and often think
they are performing as a good hunter, while others may see something quite different. To better
describe this potential division, I'll turn my focus to these other actors and their influence on the
individual.

Inwardly projective identity

These other actors have preconceived notions of the world and others that they bring to any
interaction. Often, the subject of their current attention may have little to do with these previous
assumptions and may have little chance to contest or alter them, as was the case with Moxie. The
individual at the center of their attention may have no access or even knowledge that they are being
defined and identified.

The inwardly projective identity takes many forms. It is the source of identities like “American,” or
“‘woman,” or “student.” These definitions rely on the support of the community at large, which positions
the individual as a subject to the power of the community around them and on which this community
influences the decisions made by the actor. These pressures can build such that they become
normative, as in the case of “American,” to such an extent that they become universal expectations
within the community, and the actor is expected to meet these criteria.
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As a group of (presumably) more experienced players grouped with Moxie, they brought specific
expectations of what constituted a “good” hunter. These expectations were forged through the
institutions of both the game itself (Blizzard, as the designer who sets the rules) and the community of
other players, who had developed normative assumptions about effective play. Unfortunately for
Moxie, she was unaware of these expectations; indeed, the game had been training her to play one
way (aggressively and at her own pace) and gave her little or no direct support for understanding the
new conditions for her engagement with others. When Moxie mis-aligned her performance with the
expectations for “ideal” hunter play within a group (she pulled threat and didn't wait for the other
players), the group had another set of performative expectations to call on and assign to her, that of
the huntard. While Moxie had enacted some of the “huntard” characteristics inadvertently, the group
assumed that was her “actual” identity and acted accordingly.

Moxie had, to that point, no direct access to the expectations that other players had for her; the group
similarly had no interest in trying to express them. Here, the inwardly projective identity provided
pressure (through fear of being shunned by others) to conform to the institutionalized expectations of
the other players. As a result, Moxie changed her performative and outwardly projected identity, and
has never been called huntard again. Moxie might have been a huntard with that first group, but she
is not universally a huntard.

Punctuated identity

This notion of temporary or provisional identity relies, of course, on understanding the world as a
place in motion, that it is a dynamic space. Punctuation does not refer simply to temporal features
(when did it happen), but rather to all of the circumstances of the “moment” including the actors,
objects, spaces and other features of the world. In Moxie’s case, one group of players saw one
instance of a player and positioned it as an example of a “huntard,” and took action accordingly. But
subsequent groups of players that Moxie has played with have never identified her as a huntard, at
least not overtly. Interestingly, she internalized the identity that was given to her (or, more accurately,
that she co-created and was given a specific term for it by the group of players) and used it as a way
of thinking about herself, but only under certain circumstances. That is, she recognizes that she can
be a huntard at certain times because of certain behaviors, but that it is not who she is.

Some characteristics or identities, as noted above, can be more persistent than others. A player who
makes a trade with another player takes on the short-lived identity of “seller” during the duration of the
transaction (though she will always remain the “seller” of that object as long as it's around and people
recognize her as the seller). The same player maintains a stronger identity as “hunter” since she is
locked into that role for the course of the game; she is even more strongly tied to the identity of
“player” since her game play requires her to act; (arguably) nothing can happen to or by her without
her “real life” interaction with the game, and so on.

Similarly, some identities are voluntary, or at least accepted; being a “seller” is a necessary state for a
sale to occur, and the player is forced to assume this position, but likely does so readily in order to
complete their intended goal (financial gain). Being a good player or “leet” is an aspirational identity
that the player actively works to project. Being a huntard is likely not a voluntary identity (or even
intentional), but one projected onto the player. And, as established above, some identities are
unknown to those it is ascribed to; the actor may have no knowledge that they have been identified
and described a certain way. In this case, it might seem that this identity is of no use since the actor
has no access to it; however, this identity might still prove important since it can be tied to reputation
(other players might talk about the hunter, for example, and decide they would never group with her
going forward). Though the hunter has no knowledge of the effects of this identity, she is still affected
by it.

Finally, identities can change over time, as is the case of Moxie. In her early play, she was often lost
or confused, and her first group encounter (what she called her “huntard run”) represents one point in
her overall progression. Now a level-capped player and raid leader, she no longer performs as a
huntard or has that identity projected onto her; she is now a respected and expert hunter. Her fellow
guildmates have witnessed this transformation, so she carries with her not just her current identity, but
a history of change over time in her performance and her attitudes. Her identity is not static, but is a
manifestation of all the various ways she has constantly re-created it. Importantly, however, this
history is only apparent to those who recognize it as such and have access to her previous iterations.
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Putting it all together and implications

So here we have a real “chicken and egg” scenario: if identity is a situated instance of individually
enacted (re)configuration of a socially constructed set of performative expectations based on actual,
lived experience with the performance of these actions within a construct of afforded and limited
actions, where does identity really come from? In the case of World of Warcraft, we might be able to
say that it begins with Blizzard, the gods of the world who breathe life into a particular tool set that
becomes “hunter” that players then inhabit. But even here, the outwardly projective identity comes
into play because Blizzard does not prescribe the actual actions that help create and define the
huntard. That comes from the players themselves, and the community of non-hunters who witness
and label the behavior that propagates as huntard, and so the inwardly projective identity is in play
too. Finally, it relies on a particular confluence of actors, events, and orientations and remains
ephemeral and subjective, so any attempt to locate its source might be a futile endeavor by default. It
may be enough, when trying to determine the source of an identity, to say that it is an emergent
property of the individual and social actors in a particular time and place for a particular purpose and
depends on the perspective of those doing the actual “defining.”

World of Warcraft provides a space where identity formation—for actors and communities alike—is
mediated through the screen and is bounded by designed affordances, but the insights of the process
and the ways it manifests applies to other social activities as well. Having a rich set of terms to use
when analyzing interactions allows for more robust research and more nuanced descriptions of these
interactions and in clarifying the particular focus of the research (on performance, on social situations,
on interpretations, and so on). Simply being able to talk about what part of identity is being
interrogated is a critical step towards better research. More abstractly—and more importantly—
understanding that identity encompasses a range of factors and variables and is a continuum of
states that all contribute simultaneously to defining any identity is a key requirement for engaging in
the analysis of identity formation and practices. Finally, since identities are enacted in the everyday
world in everyday situations, knowing the complexities involved in creating and maintaining any
identity may foster more careful interactions with other social actors and more informed actions and
assumptions.
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Seeing Action: A Visual Analysis of World of Warcraft

Jeff Holmes, Arizona State University, 1810 N Ventura Ln, Tempe AZ 85281,
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Abstract: Games are meant to be played. Most modern videogames, however, are
complex spaces full of dynamic images and shifting goals; navigating these complex
spaces is challenging for players as they must learn how to act in order to succeed.
How do the designers of a videogame support players’ learning and using the game?
What resources can designers call upon to help players actually play the game?
Using the massively-multiplayer game World of Warcraft, | contend that there are two
primary visual methods designers use: the orientational structures of the interface
itself and the interface's just-in-time/on-demand nature. Through these structures, the
designers teach a player what and when information is salient in order for the player
to take action and “do” the game as well as provide spaces for players to learn to
master the game itself.

Interaction is, of course, a key feature of videogames. How a player controls certain events within the
game world and how this world informs the choices made by the player are essential (if not
uncontested) notions that help define videogames as a genre. Players use an interface—physical as
well as conceptual—to influence the outcome of the afforded design of the game; and, depending on
how previous actions affect the game world, the player then uses this interface to make additional
choices, and the cycle repeats. What are these interfaces, and how do they make the game possible?
As noted, they are both physical interfaces (keyboard and mouse or other controller, even the body
itself) and conceptual (icons, buttons, cursors, and more complex visual representations as well as
aural information and kinesthetic feedback). Game play requires both the physical and conceptual
interfaces; however, this analysis focuses on the latter category and considers the manifestations of
the on-screen interface to describe how players make sense of the world in which their actions take
place.

This implies that videogames are designed texts and are created with particular affordances and
limitations as a vehicle for the player to co-create and experience the game (Gee, 2007; Squire,
2006). Because a game is designed as an experiential space, the designer creates the text with the
player's actual performance in mind; that is, the designer makes choices that help the player actually
play the game. They may not create “complete” tools sets for users in order to provide some level of
challenge (and, therefore, purpose) of the game. Nevertheless, the designer's intention is that the
game will be played, and therefore creates a space in which a player can learn how to navigate within
the world and perform the actions necessary to progress in the game.

Here, then, is another key element of games—that of progression. Progression refers to the notion
that players work towards a goal, and that the game operates as a channel through which that work
occurs; gameplay is a function of the change of states of the player through their interaction with the
game. This implies that the player must transition from novice to master of the discourse of the game
in order to make progress (Gee, 2007); it also implies that the designers must create a system
through which players learn this discourse in order to master it. More specifically, game designers
must utilize the interface as a resource to provide information for the player to make meaningful and
then use to take action.

So, we can refine the question even further: what resources can designers use to support this
progressively dynamic interface through which players interact with the game? Further, how do these
structures support the progressive nature of gameplay, both in terms of moving through the game as
well as in players' progressive understanding of the game and shifting from basic performance to
high-level performance? Using the massively-multiplayer online game World of Warcraft as a lens to
focus this analysis, | contend that there are two primary methods the designers of this particular
game, Blizzard Entertainment, Inc. (hereafter referred to simply as Blizzard) use: the orientational
structures of the interface itself and the interface's just-in-time/on-demand nature. Through these
structures, the designers teach a player what and when information is salient in order for the player to
take action and “do” the game as well as provide spaces for players to learn to master the game itself.
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Theoretical framework and methodology

| focus on two images (see Figures 1 and 2), which provide a strong sense of the dynamic nature of
the gamespace of World of Warcraft. | have attempted to choose views and situations that players
commonly encounter rather than looking for images that represent the extreme ends of a player's
experience; however, the very shape and function of the game suggests that any images will show
variation—sometimes profoundly. Figure 1 represents what might be considered the “standard” view
when the player is at rest; they elements in this image (with some exceptions) are always present;
similarly, Figure 2 is a “standard” view while in combat and grouped with other players and the
elements in place here are normally present while in this state. Figures 1 and 2 can safely be
assumed to represent the “normal” images players encounter when starting the game and when
playing it at a high level.

N2 - FTEE

Figure 2: High-level character in combat

For this analysis, | have adapted several theories outlined by Gunther Kress and Theo van Leeuwen's
Reading images: The grammar of visual design (1996) and subsequent writings. In particular, their
work on the composition of an image relates closely to an analysis of the player's relationship to their
avatar, with the world around them and with their ability to act. Kress and van Leeuwen define
composition as “the way in which the representational and interactive elements are made to relate to
each other, the way they are integrated into a meaningful whole” (1996, p. 181). There are also
significant “representational” and “interactive” elements that the designers use to create the interface
of World of Warcraft, but to understand how the interface functions in such a dynamic space requires
considering these parts collectively as well as individually.

Among the elements that align more closely with the study of a videogame, point-of-view, framing and
salience are perhaps the most critical. For Kress and van Leeuwen, point-of-view describes position
of the viewer in relation to the actors and objects within an image. Meaning for the viewer occurs in
part by how they are situated to the “subjects” of the image; viewed from above, the viewer assumes
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more power in relation to the “object” of their gaze, while the opposite holds true as well. Similarly, the
distance at which this object is viewed helps determine the social relation between the viewer and the
subject; an extreme close-up of a subject implies a close, socially-intimate relationship, while a
character seen from far away is detached and remains a stranger to the viewer. Point-of-view is a key
socially relational tool.

Framing is a relational tool as well, though less about the viewers’ relation to the subjects of the
image than to the information conveyed. Framing refers both to visible frames (such as a box around
an object, even the borders of the image itself) as well as invisible or implied frames (including objects
aligned with each other). Further, | consider Kress and van Leeuwen's notions of “given and new” and
‘real and ideal” (1996, p. 186-193) a particular kind of framing technique; while they consider the
“given and new” and “real and ideal” as part of the “information value” of an image, | extend framing to
include this informational value on a somewhat literal level—as part of the framed image placed in a
particular spot. For Kress and van Leeuwen, the left/right and top/bottom orientation of the information
in an image (and therefore, how it is framed within the confines of the image) provides an internalized
narrative where the information on the left of the image is “presented as something the viewer
already knows, as a familiar and agreed-upon point of departure for the message” (187), while
information on the right of the image is “presented as something which is not yet known, or perhaps
not yet agreed upon by the viewer, hence as something to which the viewer must pay special
attention” (187). Similarly, top/bottom orientation provides information about the objects within an
image and their status in relation to the viewer.

The third of Kress and van Leeuwen's elements critical to this study is salience, or to what degree
particular information is important in the image. Size, contrast, and location within the frame of the
image all play a part in enhancing or minimizing the importance of a particular object; a large,
centralized, strongly contrasted object appears more “noticeable’—and therefore more “important”—
than a small object in a corner of the image that blends into its surroundings. Salience is also an
informationally relational tool in a similar sense to framing; it helps the viewer discover what
information might be important by highlighting it and drawing attention to it.

For the purpose of this analysis | have limited my focus primarily to the structural elements of an
image; that is, the means through which designers attempt to convey meaning, not the meaning itself.
This is not to suggest that | avoid the meaning of specific resources exactly; rather, | treat these
“‘meanings” on a somewhat functional and generalized level. Not all icons mean the same thing, for
example, and each conveys specific (and potentially unique) information. Further, | operate under the
assumption that many of these tools are conventionalized within the genre of videogames and that
users have a general understanding of these conventions, if not specifically within World of Warcraft.
Together, these compositional elements create what | call orientational structures through which the
designer helps to “orient” a viewer to the information the designer attempts to convey and provides
tools to the viewer through which they can co-construct the meaning of the image.

Finally, it's important to note that this analysis draws on my own experience as a player (and learner)
of World of Warcraft. Having played videogames for much of my life, | am an experienced gamer, but
| was new to WoW and the MMO genre; | assume my interactions in learning the interface was typical
or average of most players. A more robust analysis would include player interviews or other
qualitative/quantitative data collection to complicate or confirm this description. Nevertheless, | believe
that many of the experiences | describe below are common enough to be meaningful.

Orientational structures

To organize the specific orientational structures World of Warcraft employs, it is necessary to
differentiate what kind of information is being conveyed and how before bringing it together to
understand how this information is used by a player to play the game. In particular, how characters
are oriented to their in-game representation (the avatar), the world around them, their abilities to act
and with other “feedback data” each provide particular examples of the structures at work. Taken
together, these structures support the other key function of the game, progression, which is covered
in the later portion of the analysis.

Player character

One of the clearest ways of visualizing the player-in-space is through point-of-view. Some games
exclusively use a “through-the-eyes” or first-person view; the player does not see themselves at all,
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but rather takes a position of looking at the world as if they themselves were in it. Other games
provide a third-person view exclusively; still other games allow users to change their point-of-view;
World of Warcraft falls into this latter category.

Figures 1 and 2 represents the default camera view of the game. There are other possible camera
angles that a player can use, from an extremely far distance to a close-up of their character's face to
a top-down view to a first-person view. Players can rotate 360 degrees horizontally around their
character, and 180 degrees above their character down to ground level; they can also zoom from first-
person out to about 50 yards away from the character. However—importantly, as we shall see—the
camera always remains centered around the avatar. The camera, therefore, is a free-floating, user-
controlled tool that occupies a half-spherical space of about 100 yards in diameter centered around
the player's character.

Two key considerations take place in the player's relation to their avatar. First, they remain both
detached and connected to their characters at all times (very few players use the first-person view as
it is impractical for most tasks, which depend on high spatial awareness; third-person is the dominant
view). Second, their character is always at the center of all actions that they witness in-game (again,
discounting special circumstances like trade skills windows and cinematic cut-scenes). Both features
play a significant role in orienting the player to themselves in the game and in learning to take action.
However, identification with the avatar also depends on its position within the frame of the screen as
well as the distance of the camera. That is, even zoomed out to the maximum distance, players are
still centered on their character, so any exploration of the surrounding space is related directly to its
relationship to the avatar itself. This centralization of the avatar enhances the identification potential of
social distance by tying the world to the character regardless of the distance of the camera.

The centralization of the character plays another role as well. By tying the view of the avatar to the
center of the screen and relating the rest of the world and other information to the avatar, the player
learns to navigate the world through that character and to pay close attention to it; it becomes salient
in that all action flows through the relationship of the viewer and avatar—all other information
becomes important in relation to that centered view. As the in-game representation of the player, it is
important to ensure that the player pays attention to the avatar; Blizzard utilizes a structure that puts
the character at the heart of their every encounter with the world in order to emphasize its relative
importance to the player.

Game world

The avatar is only one way of relating to the game world itself; there is also the surrounding space in
which the player acts (the environment) as well as other players, objects, and actors with which they
interact. These objects and places not only “flesh out” the world, but provide a way to orient the player
to their potential actions and to understand those actions and how they will in turn affect the player. It
provides a “place” for the player to perform their actions. More literally, the world players navigate
surrounds them completely in the figurative sense (they are “in” the world at all times) as well as a
literal sense (they are always seen “in” the world in that it is ever present in the frame of the screen).
The world fills the frame, and serves as a kind of “background” on which the player acts, as well as for
other informational elements of the interface. The world is foundational in several ways; as a
backdrop for action, it is a critical way to orient the player to where they are acting, which also
influences how they act (they won't try walking through a brick wall, for example, or off the edge of a
cliff); it is also foundational in a structural sense in that it provides the boundaries of the viewed world
and the space on which all other information is projected. The world is thus both important (it's the
context for action) and sublimated (it's a background). In terms of salience, the world can be both
important (the player must pay attention to where they are acting in order to decide how to act) as well
as less-important (much of the world can be “ignored,” such as the buildings in the distance, and the
player can still function effectively).

The game world, however, isn't limited to just the territory of the game; it also includes objects and
players with which the player interacts. Because World of Warcraft is a multiplayer game, the player
exists within a world filled with other players playing synchronously. And because the space is a fully
realized “world,” it is populated by objects for the player to use. Indeed, the bodies of the characters
are not the most distinguishing feature of another player; instead, players have “nametags” above
their heads that identify them and their affiliation to a guild. These objects and players also help orient
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the player to the world by showing them what they can act on and who else might be involved. In this
way, the world is more cohesively presented as a “real” space that the player can act within.

Abilities

These actions take several forms: they are locomotive (the player moves from one place to another),
they are interactive (clicking on an object), and they are more abstract (casting a spell or dealing
damage). Figure 1 shows the initial screen a player encounters when first creating a character; along
the bottom of the screen, a row of buttons appears which contain several icons—these icons are the
“action potentials” a player can take. As players progress in the game, they gain more abilities, and
the interface provides more space for additional icons (and, therefore, ways the player can act).

A player is presented with a large number of ways with which they can act in the world; however, it is
important to note that these actions are contextual and cannot be used at all times—damage-dealing
abilities like spells and attacks cannot be cast outside of combat (generally, though there are some
exceptions), while some actions such as fishing or trade skills cannot be used while in combat. So
even though the action-potentials appear at all times on the screen, they are not useable at all times.
This notion will become more important in subsequent sections of this analysis, but here it is enough
to acknowledge that the icons are ever-present but not ever-useable.

Also worth noting is that the interactive object for the player is split; it is primarily the avatar through
which the player moves and acts with the world (the vehicle), but the player also uses a cursor to click
on objects within the interface as well. This cursor changes shape depending on the potential action
available, from using the in-game mail system to selling goods. This division of vehicle to drive the
player and a separate interface object to perform specific actions sets up an interesting dynamic for
the player. On the one hand, it separates them from fully embodying the avatar since they can
manipulate the world via the cursor; however, it also serves to tie the interface objects such as the
actions bars fo the avatar, since clicking on an action button makes the avatar perform that specific
task. The division of body from the action selection device (the cursor) is primarily a way to link the
interface with the world itself.

The position of the action abilities also help the user focus on them; by placing them in the lower
portion of the screen, they too serve a foundational role—they are at the heart of all the things that a
player does in the game (with previously noted exceptions). Because they are central to the actual
performance of the game (that is, in fighting of enemies), these actions appear in a portion of the
space that is literally the base of the screen. Extending Kress and van Leewen’s notions of “real” and
“ideal” frames, the actions available to the player, the “tools” to work on the world, are at the bottom of
the screen, and represent the “real” world actions they can take, while the upper portion of the screen
shows status-level information like player health. These status-level elements of the interface
represent what the player ultimately wants to accomplish, while the action-potentials represent the
specific means to do so.

Data

The interface, however, also includes other elements beyond the action-potentials represented by the
icons of the action bar, including player and target health, a mini-map in the upper right corner, a chat
window in the low left portion of the screen, party-member health, real-time information like damage
taken and dealt, and other information. Collectively, this data serves as additional orientation for the
player by providing necessary information based on what they are doing. Some of this additional
information appears automatically—combat text, for example, appears whenever the player is
engaged in fighting an enemy. Some of this information is available at the player's discretion and
accessible through a keyboard button or other interface button such as the player’s inventory as well
as more abstract concepts like player statistics (strength, agility, spirit, etc.). The player has access to
both things with which to work (objects in their inventory) and the concepts through which they use
these objects (their relative strength or their health pool, and therefore their ability to effectively wield
a sword, for example).

Structurally, the interface elements are aligned within the frame of the screen in particular ways.
These interface elements generally occupy the margins around the centralized avatar, and create a
frame around the player which contains pertinent information. Combat text occurs within the space
around the player on top of the game world and complicates this relationship, but | nevertheless
consider it part of the frame around the character; the frame just has somewhat fuzzy boundaries.
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Nevertheless, this frame reinforces the centralizing features of the avatar by tying all of the
information around it.

The information within the frames takes on various levels of salience for the player. Again, since they
are tied to the avatar by being placed around it, they can be assumed to be important and related to
the status of the character. Since many of the elements of the interface are always present, they can
again be assumed to be worth paying attention to since they likely provide information necessary to
the player. By separating these elements from the background, the elements stand out and again can
be assumed to contain valuable information for doing the game.

Orientation and progression

So far, | have discussed the structures in place to help orient a player to the game world, and some of
the ways that these structures emphasize certain information as important to the player. But what
about one of the primary assumptions described at the beginning, that of “progression” through the
game? Here, | mean progression both as moving from point to point (following the narrative of the
game, for example, or gaining skills as the player gains levels), but also in terms of the player's
performance as they learn to master the space and their actions within it. How do these structures
support this progression of the players’ interaction with the game? As players gain new abilities and
experience more of the world, the interface changes to provide more information to them; further, as
players experience the world and interact with it, they learn what information is important and when in
order to act more effectively.

Capacities

Capacities for the player include both action-potentials as well as conceptual information about the
world and about themselves. As players progress in the game, they gain levels and abilities. Every
other level or so, a player will have access to a new attack or healing ability. In a very literal sense,
then, their ability to act has progressed from a few to numerous ways to act within the world. Similarly,
there is a progression in the amount and type of things the player can interact with. The player, as
they gain levels and progress through the game, gains more space to store objects as well as
encounters a greater variety of types of objects (from equipment to trade skills materials like herbs
and leather to quest-related objects and others). Not only has their ability to act increased, but they
types of things they interact with and the spaces for those things have expanded as the player levels.

This notion of progression, however, is even more nuanced. In describing the player as gaining levels
and abilities, | assume the position of the player; that is, | am referring to how the player progresses in
the game. As they level, they gain abilities and objects to act through. However, from Blizzard's point
of view, progression works almost oppositionally to the player's perspective. Blizzard designs the
game around the high-level abilities and content, and then must pare it down for new players. They
create all the abilities and subsequently limit these abilities to certain thresholds. Rather than giving
players new abilities, Blizzard eases the restrictions on a player as they level. This is an important, but
somewhat tangential, observations that is nevertheless important to consider when thinking about the
designer's ability to provide meaningful structures for the player to learn the game.

Salience

These meaningful structures, then, are put in place not only to support the players’ current actions,
but to encourage them to learn how to use the interface in order to progress towards higher content.
To do so, players must understand what information is important to them at a given time for a certain
situation. We have already seen some ways in which information is made salient to the player, from
the centralization of their avatar to the framing of the status information around them. However,
salience also depends on this developing notion of progression in that players learns what information
is important by when they encounter it in their gameplay. That is, the orientational structures of the
interface provide clues to the salience of particular information only through the player's evolving
experience with it.

During the course of various gameplay experiences, a player's focus may shift from different parts of
the interface depending on what they are doing in a given moment. During combat, they may focus on
their health bar, while during communicating with a group of other players their focus is likely on the
in-game chat window. How does this shifting focus occur? How do players know when to seek out
pertinent information? In short, how do players know what information is salient at any given time?
Partly, the structures already described—centralization, framing, etc.—support the player’s learning
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about when to call on information. The other part of the answer lies in the “just-in-time” and “on-
demand” nature of the interface (Gee, 2003; Klopfer, 2008). That is, players are provided important
and timely information when they need it which can be called upon by the player to make it
meaningful. Further, this process is refined by continual use of the progressive nature of the interface.

By just-in-time, | mean that information is available to a player when they need it. In combat, for
example, text appears displaying the damage they are taking and dealing. This information is not
available out of combat since the player doesn't need to know that they are not doing damage. The
game only displays that particular information when it might be useful to a player; it does not hide
combat information and withhold information from the player. Similarly, the game does not present
much unnecessary or superfluous information (within certain constraints). The interface is designed
by Blizzard to provide information to the user when they need it in order to act.

However, just because the information is available to a player does not necessarily mean the player
actually makes sense of it. Confronted with Figure 2, for example, a new player would likely be
overwhelmed by the sheer amount and variety of information and not be able to actually play the
game. Instead, the information presented must be available “on-demand” to the player. By this, |
mean both literally (they can access it when they want to, such as opening their inventory or character
pane) but also must be accessible to them when it matters. The latter is by far the more important
feature, and perhaps at the very heart of gameplay, for understanding how to operate within the
affordances and limitations of the game world is playing the game. In other words, knowing when to
call upon the resources available to the player in order to act constitutes game play itself.

How players gain this understanding of when to call upon given information is supported both by the
structures in place within the interface (the placement of objects, the framing of the screen, and so on)
as well as with players continuous experience with that interface. As they progress in level, these
encounters become more complicated, until they reach high-level content like that shown in Figure 2.
By this time, they have encountered the various elements of the interface enough times to know when
to call on the various elements. Through playing the game and using the interface repeatedly, players
learn how and when to access the elements that are most important for their continued action within
the game world.

Conclusion and further study

In essence, then, the designers of World of Warcraft (Blizzard) utilize the orientational structures of
the visual interface in order to teach players what information is salient and when in order for the
player to take actions and do the game. These structures include the player's relation to their in-game
representation and others within the world itself, as well as the way information is framed around the
player to connect status-information and action-potentials to the character (and thus, the player's
ability to act). But these structures also rely on the player's engagement with the elements of the
interface over time, and the progression of both the player's capacities as well as their meta-level
knowledge of the interface in order to perform at a high level. This high-level performance is the
ultimate goal of Blizzard, and the structures they employ support a player's progression towards this
goal. Understanding how players make sense of their actions constitutes the culmination of the design
and presentation of a game. Players are meant to play the game; knowing how they come to this play
capacity is central to the study of games and in the continued evolution of game play itself.
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Dynamic Difficulty with Personality Influences
William Holtkamp, Philip Trevino, Chang Yun, Olin Johnson, University of Houston

Abstract: In this paper, we present a novel methodology to improve video game
experiences by automatically adjusting video game difficulty based on both
performance and personality traits. The Dynamic Difficulty with Personality Influences
(DDPI) system generates a player's personality profile based on nine strategic
questions. Using that profile and in-game performance data, DDPI customizes the
game's difficulty level to create a player-centric gaming environment. Our
experimental results successfully demonstrate improvements in both perceptual and
actual gaming experiences. With our approach, traditional video games can be
modified to provide personalized, player-centered gaming experiences.

Objectives

In 2010, seventy-two percent of American households played video games (Entertainment Software
Organization, 2011). According to the Entertainment Software Organization (2011), 82% of game
players are 18 years of age or older, 29% of game players are over the age of 50 and 42% of all
game players are women. With these changes to the gaming audience, game stories and genres
have changed, but difficulty levels have remained generic.

Some studies have explored dynamic difficulty adjustment (DDA) using player performance data.
Using key game characteristics, such as points or health, DDA algorithms make a decision to either
maintain or change the video game's difficulty level. Unfortunately, these algorithms ignore the
player’s desired difficulty experience.

Other studies have explored profile-based systems using player personality attributes to create
distinct, but similar, game environments. Typically, these systems restrict players to one static profile
limiting the diversity of accommodated players and ignoring the player’s skill level. Since skill levels
increase over time, this system would have to re-classify players to continue increasing player
experiences.

Profile-Based Adaptive Difficulty (PADS) is an algorithm that successfully combines profile-based and
performance-based methodologies creating a player-centric system. Yun, et al. (2010) uses a player's
experience level and difficulty preference to create a player into a single, pre-defined player profile.
Based on Yee's (2006) work, an individual player should be able to subscribe to many profiles for the
optimal player personality representation. Unlike static profiles, PADS uses performance data to
customize the player's difficulty level. PADS measures a player's experience by the number of years
they have played video games. Years of experience, however, are not a true indicator of a player's
skill level.

We offer a different approach to profile-based and performance-based dynamic difficulty. Dynamic
Difficulty with Personality Influences (DDPI) extends the core methodology of PADS. Instead of
creating pre-defined player profiles, we define how particular personality characteristics influence
video game difficulty. Using a player's personality characteristics, we generate a profile for each
player to serve as a template for the player's difficulty levels. As the game progresses, we allow the
player's skill level to further personalize the difficulty level. This methodology gives us a highly
personalized approach while keeping the algorithm abstract enough to be applicable to several video
game genres.

Related Work
DDPI makes use of both player profiing and performance-based dynamic difficulty adjustment
methodologies. Individually, both concepts are not new to the research community.

Player Profiling
Bartle (1996) was the pioneer of player profiles studying the players of multi-user dungeons (MUD).
He was able to divide the player population of this game genre into four distinct categories: Achievers,
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Explorers, Socialisers, and Killers. These profiles were dependent on what each player hoped to gain
from playing the MUD. Upon further exploration of these profiles, Bartle (1996) discusses examples of
how players of each particular class behave, talk, and react similarly.

Yee (2006) surveyed players from MMORPGs. Unlike Bartle (1996), Yee (2006) believed an
individual player can be partially committed to multiple profiles and therefore subscribe to different
characteristics from each profile. He surveyed 3,000 players and discovered an overlap in profile
characteristics.

In 2004, Lucas and Sherry (2004) studied motivating factors for video game players. Using focus
groups, they have targeted six important characteristics that apply to most gaming genres:
competition, challenge, social interaction, diversion, fantasy, and arousal. These player descriptions
serve as the core of several post-2004 experiments, including ours.

Jansz and Tanis (2006) created a gaming focusing on eight key points: competition, challenge, social
interaction, interest, entertainment, fantasy, pass-time (previously referred to as diversion), and
arousal. They extended Lucas and Sherry’s (2004) previous key points by adding interest and
entertainment characteristics.

Schuurman, et al. (2008) had 2,895 players complete a five point Likert scale questionnaire over
eleven subjects. Each question identified the degree in which that particular factor influenced the
player’s decision to play the video game. Following the self-subscription survey, they were able to use
the post-analysis process to divide the players into four groups: overall convinced gamers, convinced
competitive gamers, escapist gamers, pass-time gamers (Schuurman, De Moor, De Marez, & Van
Looy, 2008).

Dynamic Difficulty Adjustment

Dynamic Difficulty Adjustment (or DDA) was first introduced into the gaming literature in 2003
(Demasi & de O. Cruz, 2003). DDA tackles the issue of customizing video difficulty using a
performance-based approach. There are several mathematical approaches to perform these tasks.

Andrade, et al. (2005) used a reinforcement learning technique (Q-learning) to detect player skills in a
fighting game. Since reinforcement learning techniques require several iterations to learn enough to
challenge a player, they use off-line bootstrapping to provide a starting point of difficulty. Then online
learning is invoked to dynamically alter difficulty as the player progresses throughout the game.

Hunicke and Chapman (2004) developed a framework for DDA called Hamlet where a probabilistic
method is used to determine when the player needs help. They suggest altering the game
environment since the player is less likely to notice the change when compared to altering the player’s
character or the enemies.

Methodology
Dynamic Difficulty with Personality Influences (DDPI) contains three major components: performance
characteristics, player profile and performance-based dynamic difficulty.

Performance Characteristics

Each game genre has defining characteristics that game developers can use to determine the
player's skill level, such as health points or overall score. DDPI uses these pre-defined characteristics
as determining factors to adjust the game's difficulty. Each characteristic is paired with a threshold
level, which is used to determine if a player has achieved good, normal, or poor performance in a
single category.

There are two types of performance characteristics defined in DDPI: Negative and Positive. A
negative performance characteristic expects the overall value to decrease over time. Figure 1 shows
how DDPI uses a negative performance characteristic. Here we have three brackets or sections:
positive, neutral, and negative. These brackets are represented as equal portions in Figure 1 but their
size can be altered by the developer. If the change in value from the previous update interval falls in
the Positive Local Points range, then this performance characteristic produces a value between 0 and
1. A positive value means this performance characteristic wants to increase the overall difficulty with a
certain degree of confidence. If the change in value from the previous update interval falls in the
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Neutral Local Points (or Local Points = 0) section, then this performance characteristic returns 0
signifying no difficulty change suggested. Finally, if the change in value from the previous update
interval falls in the Negative local points range, this performance characteristic will return a value
between 0 and -1 requesting for the overall difficulty to decrease with a particular degree of
confidence.

Negative Performance Characteristic
Amount, = Amount, 4 - Amount,, where t is the current time interval

positiveBracketSize and neutralBracketSize are constants

} Positive Local Points
Amount,, = positiveBracketSize * Threshold ———
} Neutral Local Points
Amountc = (positiveBracketSize + neutralBracketSize) * Threshold ———

} Negative Local Points

Figure 1: Performance Characteristic Graphic Representation

Conversely, Positive characteristics are expected to grow over time, such as a game score. This type
of performance characteristic behaves like the inverse of the Negative performance characteristic.

In a real game scenario, DDPI requires several performance characteristics allowing one
characteristic to be balanced or negated by other characteristics. This provides DDPI with a holistic
view of the player’s performance providing more accurate adjustments.

Player Profiles

DDPI's player profiles are not pre-defined. Instead, we generate a new profile for each player based
on a pre-defined set of personality traits. Each personality trait allows DDPI to alter the threshold
levels and bracket sizes for specific performance characteristics. DDPI also uses personality traits to
create a minimum, maximum, and starting difficulty level. This range of difficulty serves as a check
system to limit the in-game DDA difficulty levels.

In-Game Dynamic Difficulty Adjustment

Once player profiles create base guidelines for the player, the game can be further personalized
based on the player's performance. DDPI's dynamic difficulty adjustment (DDA) system relies on the
developer’s performance characteristics to make decisions about difficulty. Since these characteristics
are defined by the developers for a particular game, DDPI is applicable to several game genres. By
adding all of the performance characteristics together, it becomes possible to calculate a final global
score. If the global score is greater than or equal to 1, DDPI increases difficulty. Conversely, if the
global score is less than or equal to -1, DDPI decreases difficulty. Otherwise, the difficulty level
remains the same.

Overall DDPI System
Both the profile-based and performance-based components are interdependent to create a holistic
approach to dynamic difficulty. Figure 2 depicts the overall system:

Profile Data Performance Characteristic Data Update Timer New Difficulty Level
leo Game
DDPI one-time setur asynchronous interval-based
update update
Generated Player New Interval's
Prclafile Performance Data
Make Difficulty ~ 9'°°@ Ponis  Convert Local Points  '°¢@' Pon's  Update Performance
Decision to Global Points Characteristic Results
|

Figure 2: DDPI's Overall Workflow
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First, DDPI generates a player profile based on the data acquired by the video game. This data
includes performance characteristics (thresholds and bracket sizes), starting difficulty, minimum
difficulty, and maximum difficulty. Since this data varies for every game, DDPI requires game
developers to choose accurate parameters. After setup, the player starts to interact directly with the
game. When events relating to the performance characteristics update in the video game, DDPI
should be notified of changes. As time progresses, the game’s update timer will indicate that DDPI
needs to update the difficulty level. This update interval can be fine-tuned to any value. Using the
player’s profile and performance data, DDPI creates local points (bound between -1 and +1) from the
positive and negative performance characteristic algorithm. The local points are then aggregated to
create a single global point value. Using the player profile, DDPI then selects one of three choices:
raise, lower, or maintain the current difficulty level. Finally, DDPI returns the selection to the game
modifying the player-centric gaming environment.

Experimental Design

Our experiment is based on a generic platformer genre video game. The participant controls an
adventure seeker exploring a fictional civilization’s ruins. The game’s goal is to reach the end of each
level without losing all of the player’s health points.

Our implementation of the game features nine levels of difficulty (1 being the easiest, 9 being the
hardest). While several game parameters can be modified to control the game’s difficulty, not all are
good candidates for variability. Hunicke (2004) states that successful DDA systems must maintain a
game’s internal balance and feedback mechanisms so drastic change between difficulty levels would
be distracting to a player. Bailey & Katchabaw (2005) wrote about adjusting non-player character
attributes to increase or decrease the difficulty of video games. We chose to alter items out of the
player’s control so difficulty changes are not as easily noticeable. Our platformer game has four
different types of enemies featuring their own pre-set attack points, health points, and movement
speeds. By changing the game’s difficulty level, the enemies either increase or decrease their attack
points, health points and movement velocity based on pre-determined values.

Our study consisted of 31 participants. We had 25 males and 9 females between the ages 12 and 31
(Average = 23.10, S.D = 3.67). Each participant sat in a chair in front of a Windows-based laptop with
a 15 inch screen and was provided with an Xbox 360 controller to interact with the game.

Before the trials started, we explained how to play the game to each participant using screenshots
and answering any questions they might have. They then were required to fill out a brief demographic
survey and personality questionnaire. The questionnaire asked nine questions:

Do you want to play video games to be the best player in the game?

Do you play video games to challenge yourself?

Do you play video games to share an experience with others?

Do you play video games since they let you compete against others?

Do you play video games when you are bored?

Do you play video games to do things in games that are too challenging or impossible in real
life?

Do you play video games because games offer exciting challenges?

Do you play video games because you enjoy difficult games?

How often do you play video games?

ook wh =

© o~

The first eight questions targeted particular personality traits, respectively:
Competition Enjoyment

Challenge Enjoyment

Social Interaction

Social Interaction

Diversion

Fantasy Interests

Arousal/Excitement

Entertainment

N~ LON =

Each of the questions had the following choices: Strongly Agree, Agree, Disagree, Strongly Disagree.
Using this information, we dynamically created a player profile for the participant. The final question
was added after a preliminary focus group study. We found that the amount of exposure or

156



experience with video games had an effect on the participant’s skill levels and must be considered
when creating a minimum and maximum difficulty level setting. The answer choices for this question
were: “| rarely play games”, “| don’t play games often, but | have played on occasion for years”, I play

games at least once a month”, “| play games at least once a week.”

After completing the survey, we allowed the participants to play a practice trial. The trial was set to the
Easy difficult level (Difficulty Level 3). Since we were interested in how the participants felt during
game play, we displayed a two question survey questionnaire every minute. The questions were
loosely inspired by the Microsoft TRUE design (Kim, et al., 2008):

1. Are you currently enjoying the game?
a. Yes
b. No

2. Would you like the game to:
a. Be More Difficult
b. Maintain the Current Difficulty
c. Be Less Difficult

The first question asked about the participant’'s perceived enjoyment factor. The second question
asked about the participant’s perceived difficulty desires.

After the practice trial, each participant played four additional trials. Each trial featured a different
difficulty mode: Static Easy (Difficulty Level 2), Static Moderate (Difficulty Level 5), Static Hard
(Difficulty Level 8), and DDPI. We counter-balanced the trial order so not all participants had the same
exact trial order. Each trial was ten minutes long allowing ten in-game perception surveys to be
displayed. After the tenth survey, the game would exit allowing the participant to relax until the next
trial. After the final trial, we asked participants to complete a post-game survey. They ranked the trials
from their favorite to least favorite. We also asked them to rank the overall difficulty of the DDPI trial
(without the participant being aware of DDPI) on a scale between 1 and 4 where 1 was enjoyable and
4 was not enjoyable.

Results and Discussion

We observed how well DDPI improved the participants’ gaming experiences by analyzing the in-game
and post-game survey data. First, we collected the participants’ survey information. We analyzed how
DDPI categorized each participant based on this survey information. Next, we analyzed the in-game
perception survey responses for all four trials. For each minute, we also recorded how DDPI adjusted
difficulty during the DDPI trial. Finally, we recorded the post-game survey results.

Of the 31 participants, 25 were male and 6 were female ranging from 12 to 31 years of age (Average:
23.10, S.D: 3.67). Table 1 shows how the participants responded to our pre-game personality trait
questionnaire.

Question characteristic Starg'lily Agree Disagree dSItsrta);?;Z Overall agree d?svaegr::e
1. Competition Enjoyment 3 16 10 2 19 12

2. Challenge Enjoyment 4 23 3 1 27 4

3. Social Interaction 10 14 6 1 24 7

4. Social Interaction 5 17 7 2 22 9

5. Diversion 16 9 ) 1 25 6

6. Fantasy Interests 8 13 7 3 21 10

7. Arousal/Excitement 8 21 2 0 29 2

8. Entertainment 7 20 2 2 27

Table 1: Personality Characteristics as defined by our participant set
The majority of our participants categorized themselves as they (1) enjoyed challenges, (2) played

games to alleviate boredom, (3) were entertained with games, and (4) were excited overall by playing
games. Very few of our participants disagree that video games entertained or excited them.
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In order to determine if DDPI improved the participant’'s gaming experience, we asked each
participant to

rank their most enjoyable (favorite) trials at the end of the final trial. DDPI was ranked most favorable
10

times, second favorable 9 times, third favorable 6 times, and least favorable 6 times.

Using the participant’s post-experiment perception of the trials does not give us a full picture of the
whether DDPI improved player experiences. Every minute we asked the participant if they were
enjoying the video game. By using this in-game survey, we found that DDPI was either the most
enjoyable or tied for the most enjoyable experience for 16 participants who did not pick DDPI’s trial as
first. Based on in-game survey data, combined with post-game preferences, we conclude that 26 out
of 31 participants favored the DDPI-based trial.

In addition to improving the player’s entertainment factor, DDPI’s goal is to correctly adjust difficulty
for the player so the video game is not too difficult or too easy at any given time. In the in-game,
minute-by-minute survey, we asked the participants if they would like the difficulty to be easier,
harder, or unchanged. Based on our survey, the optimal difficulty level is when the participant replies
“maintain difficulty.” This implies the game is not too hard or easy for the participant at that particular
point in time. Table 4 showcases the minute-by-minute results for each trial:

Trial More difficult Less difficult Maintain difficulty
Easy 92 34 185
Moderate 68 53 189
Difficult 61 61 188
DDPI 61 35 214

Table 2: In-game responses for difficulty adjustment by Trial

DDPI optimally adjusted the difficulty for 69.03% of time played while the moderate, difficult, and easy
modes optimally adjusted difficulty levels for 60.97%, 60.64%, and 59.69% of the time played,
respectively. Therefore, DDPI had the highest percentage of desired difficulty for the participants.

In addition, we observed the relationship between the participant's gaming experience level and
DDPI’s difficulty adjustment. In our pre-game survey, we asked participants to classify how often they
played video games. For participants who rarely play video games, DDPI mode was accurate for
77.50% of the time. For those who occasionally play video games, DDPI mode was accurate 85.00%
of the time. For those who play games at least once a month, DDPI mode was accurate 85.00% of
the time. Finally, for those who play games at least once a week, DDPI mode was accurate 51.54% of
the time. It is important to note that 22.74% of all participant surveys asked for the game to be more
difficult and only 14.76% of the in-game surveys asked for the difficulty to be decreased. However, for
participants who play video games at least once a week requested the video game difficulty to
increase 37.88% of the time. This indicates that our sample game did not have a high enough
difficulty level to challenge the most skilled participants.

Conclusions and Future Work

Overall, our algorithm successfully increased the participant’'s gaming experience. Based on post-
game surveys alone, DDPI was ranked as the most enjoyable trial 32.26% of the time making it the
most favorite trial among all participants. Considering in-game enjoyment data from those who did not
select DDPI as their favorite trial increases the enjoyment factor to 83.87%.

In addition to improving the player’s entertainment factor, DDPI selected difficulty levels that were
ideal for the participant 69.03% of the time. The closest performing static trial created an ideal
difficulty environment 60.97% of the time. DDPI offers an 8.06% increase in optimal difficulty levels.
Increasing the overall difficulty and optimizing the thresholds of our testing video game would further
increase this spread.

Since each individual game requires the setting of performance characteristics and starting
thresholds, we could improve our results by having a larger testing focus group before the
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experiment. Using this information, we will be able to make adjustments to increase the effectiveness
of DDPI.

In the future, we will expand the experiment by conducting an additional survey after each trial. The
post-game survey will ask the participants how they perceived the trial’s difficulty. Using this
information, we will have a better understanding of how the participants really perceived difficulty after
each trial instead of waiting until all trials were completed.
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‘Just Do What | Do’: Imitation and Adaptation in Kinectimals
Carolyn Jong, Concordia University, Montreal, QC, Canada, ckjong@mta.ca

Abstract: Motion-based console games are videogames that are played primarily
using gestures and other forms of kinaesthetic input, and include games for
Nintendo’s Wii and Microsoft’'s Kinect. This pilot study sought to investigate how
Kinect's hands-free system trains players to interact with its interface, and if and how
players improve, looking specifically at the virtual pet game Kinectimals (Frontier
Developments, 2010) for the Xbox 360. The observations gathered during the study
suggest that the game involves a period of adaptation in which players continuously
adjust their movements in relation to perceived affordances and constraints. Focusing
on situations in which participants seemed to have difficulty interacting with the
system, this paper argues that while Kinectimals might not be useful for teaching
specific, transferable skills such as accurate throwing techniques, it may have the
potential to improve players’ general ability to imitate and adapt physical gestures.

Introduction

Kinect is a motion sensing peripheral developed by Microsoft for the Xbox 360 videogame console.
The device incorporates computer vision and voice recognition technologies, allowing users to
interact with the system through gestures and speech, without the need for a physical controller
(Gates, 2011). Kinect is considered to be a “natural user interface” (NUI), meaning that the modes of
communication used to interact with the technology approach the ways in which human beings
communicate in general (Gates, 2011). NUIs are designed to be intuitive and should require very little
learning on the part of the user in order to operate effectively (Kratky, 2011).

One of the launch titles (games released concurrently with the device) for Kinect was Kinectimals, a
virtual pet game developed by Frontier Developments (2010). While the Entertainment Software
Rating Board (ESRB) has rated the game for all ages, it is designed specifically for young children. In
the game, players interact with a group of animals referred to as the cubs, each of which is based on
a different species of wild cat. The game consists of a number of activities such as teaching tricks to
your cub, throwing and kicking balls, driving a remote control car, and guiding your cub around an
obstacle course. Timed competitions are interspersed with periods of freeform play, and the player is
encouraged to accumulate “discovery points” in order to unlock new areas as well as objects such as
toys, collars, food, and other amenities.

Many of these objects can be used during play, and require the player to perform different gestures
that loosely approximate how they would interact with the object in real life (for example, tossing and
kicking a soccer ball). As the player plays with their cub, different challenges appear on-screen, which
the player can complete for points. Whenever a new activity is introduced a virtual guide in the corner
of the screen, who introduces himself as Bumble, explains what to do and demonstrates the action
below written instructions. This anthropomorphic guide is indicative of the limited capacity of Kinect to
detect and recognize gestures, and the resulting necessity of teaching players, through tutorials or by
other available means, what movements to perform. If a player's movements do not correspond to
some degree to the gestural pattern being demonstrated, the system often responds as if no gesture
has been made, and the player cannot progress. Progress is also hindered if players cannot adapt the
gestures they have learned in response to changing affordances and constraints.

The ability to continue playing and complete the goals put forth by the game is thus dependent on
players’ capacity to imitate gestures, or find creative alternatives, and adjust the position and
movement of their bodies to suit different contexts. Based on the observations gathered during this
study, | argue that the gestures used to play Kinectimals are not necessarily transferrable to other
contexts, and may represent a unique gestural repertoire that is developed differently by each
individual player. | also suggest that those interested in using motion-based videogames for learning
purposes consider imitation, exploration, and the adaptation of movements as forms of embodied
competence that can easily be overlooked in the search for transferrable, “real world” skills.

Methodology

The pilot study was carried out over the course of four weeks and involved 17 participants, aged 21-
42. Participants were initially recruited through flyers and email lists. Participants were then asked to
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invite friends or family that might be interested in taking part. Prior to beginning the study the
researcher also played the game extensively.

The game, console, and video cameras were set up in a game research lab at Concordia University.
Participants came in on an individual basis. After obtaining informed consent, participants were asked
to play Kinectimals for up to one hour while being videotaped. The researcher remained in the room,
but did not provide instructions on how to play, except when it was deemed absolutely necessary (i.e.
when the participants appeared to be truly ‘stuck’ and could not progress in the game). Once the hour
was up, or they had signaled that they were finished, participants were asked to fill out a brief
questionnaire.

Several authors have argued for a situated approach to studies on learning and digital games
(Arnseth, 2006; Squire, 2003). Hans Christian Arnseth states that “what is missing from research on
computer gaming are more naturalistic studies of how players experience gameplay, how gaming is
related to other activities in young people’s lives and the diverse practices players engage in when
gaming.” The same might be said of motion-based videogames, which generate context-specific
practices that involve players’ bodies and their physical environments in relatively new and complex
ways. While this exploratory study was conducted in a lab under contrived conditions, effort was
made to allow participants as much freedom as possible in directing their own gameplay. The
questionnaire was then used to gather information about what other activities participants were
engaged in and how they recalled and articulated their gameplay experiences in writing. Though the
small sample size and wide variation in experiential backgrounds made it difficult to draw any
conclusions from the written data, the purpose of the questionnaire was partly to test the method and
determine whether or not it might be effective in combination with videotaped observations.

From Embodied Cognition to Embodied Gameplay

Recent theories of embodied cognition support the notion that previous experience with physical
activities such as dance and sport might have an impact on how players perceive, interpret and
respond to information while playing motion-based videogames. Embodied cognition has arisen partly
in response to abstract models of cognition and artificial intelligence that downplay the role of specific
input and output devices (Anderson, 2003). According to Margaret Wilson (2002), “Proponents of
embodied cognition take as their theoretical starting point not a mind working on abstract problems,
but a body that requires a mind to make it function” (625). From this point of view, the body’s
sensorimotor functions and the routine ways in which we interact with our environment have a
profound impact on cognitive processing (Wilson, 2002).

Wilson (2002) notes that embodied cognition is a general approach that involves multiple distinct
claims, several of which are encapsulated by J. J. Gibson’s notion of affordances. Affordances are
elements of the environment that invite particular actions and are directly related to the action
potential of an organism’s body (Wilson, 2002). In game studies, the term is often used to describe
the potential actions made available to players by the material and formal properties of a game
(Jenson & de Castell, 2009; Bayliss, 2007; Gee, 2007). Peter Bayliss (2007) combines Gibson’s
ecological approach with Dourish’s work on embodied interaction and Norman’s concept of natural
mappings to develop a theoretical model of gameplay as an embodied phenomenon. Bayliss (2007)
argues for an expanded model of gameplay that includes the physical space and body of the player,
as well as the material, conceptual, and software components of the game and the interface.
According to him, the relationship between these elements gives rise to affordances, and the players
ability to perceive and react to these affordances may be considered as a set of embodied skills that
allow the player to understand and internalize the logic of the game’s rules. Bayliss (2007) also
suggests that the more conceptually and functionally close the controls are to what they seek to
emulate, the easier it will be for players to “form a functionally accurate understanding of those
controls and deeper levels of the game” (101), presumably because the actions used to play the
game are already familiar to players and have been used in a similar context outside the game. He
goes on to add that, “there are always going to be some-degree of learning curves in videogames, but
forms of enactive embodied gameplay, where appropriate, will...lessen the effect that this barrier
might have to the player’s enjoyment” (101).

Other authors such as Derek Burrill (2010) and Seth Giddings and Helen Kennedy (2010) also

attribute significance to the changing relationship between players’ bodies and videogame interfaces,
noting that the macromovements involved in playing games such as Kinectimals mark a distinctive
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shift from the tiny micromovements that characterize traditional videogames. For Jennifer Jenson and
Suzanne de Castell (2009), this change is an epistemological one, redefining gameplay in such a way
that imitation, as opposed to simulation, becomes the central element. While these two terms are
often conflated, simulation creates an “as if” scenario and depends to a certain extent on the absence
of the real. Imitation, on the other hand, depends on physically performing the activity being imitated,
so that rather than pushing a button “as if’ jumping, players must jump themselves in order to jump in
the game (Jenson & de Castell, 2009).

The term imitation is often used in a commonsense way to describe the process by which an observer
duplicates the actions of a model, however Richard Byrne (2005) argues that it is important to
distinguish between learning by copying and social mirroring, each of which serve different purposes.
Learning by copying allows for the acquisition of new skills and involves the decomposition of
complex behaviour into simpler components that can already be performed by the observer, and the
subsequent recomposition of those components into a new programme of behaviour. Social mirroring,
on the other hand, may support mutual identification or empathy, and includes forms of imitation in
which an observer matches the current behaviour of another through the performance of similar
actions (for example smiling back at someone who is smiling). Though the underlying connections
between observed behaviour and the actions performed by an observer are not well understood,
studies have shown that imitation plays an important role in strengthening interpersonal relationships,
facilitating communication, and enabling the learning of new skills and behaviour (Meltzoff &
Williamson, 2008; Byrne, 2005).

Bumble Says...

One way to examine imitation in motion-based console games is to focus on areas where it seems to
fail. Observations revealed that swiping in order to scroll through menu options was perhaps the most
challenging gesture to learn overall, especially in the initial stage when participants were required to
select their cub before proceeding with the game. During this phase the virtual guide began by
advising players that, “If ever you’re not sure what to do, just follow me and do what | do.” He then
repeatedly demonstrated the swiping action in the corner of the screen and provided spoken
instructions. While participants generally moved their hands around in response to the prompt, Kinect
often failed to recognize their motions as “swiping,” either because they weren’t moving quickly
enough, or because they weren’t moving their hands in the right direction (horizontally right to left with
the right hand, and vice versa with the left).

Rather than swiping, many participants seemed to draw on their previous experience with virtual
menu navigation, and tried to push the left and right arrow buttons bracketing their current selection
by holding their hand out in front of them. While this was a logical solution, the arrow buttons in this
case were non-interactive, and only served to indicate that there were other options available.
Because the game required that players swipe with both the left and the right hand before they were
allowed to move on, participants were stuck trying to execute what should have been a routine task.

There are a number of potential reasons why participants had difficulty with this gesture. Aside from
language barriers and a lack of familiarity with videogame tutorial scenarios, one significant factor is
that there is no obvious “real life” counterpart to swiping. While the motion is similar to flipping through
the pages of a book, the gesture demonstrated by the guide in Kinectimals originates at the elbow
rather than the wrist. Participants who did not immediately notice or understand the instructions
appeared to learn the gesture either through trial and error, or by asking for help and watching the
researcher, who would demonstrate the movement and say something along the lines of “like this.”
While it is difficult to know exactly why the researcher was able to successfully teach the movement
while the virtual guide was not, possible reasons include an increased level of attention directed at the
researcher's movements and the three-dimensionality of the demonstration. While the virtual guide
can only be seen from a front-on perspective, participants were standing to the right of the researcher
and could watch the gesture from above.

The situation described above suggests that learning by copying, even for a relatively simple gesture,
is not guaranteed, and may be dependent on a number of factors including the familiarity of the
gesture being demonstrated, a correlation between the context in which the gesture is being
performed and the context in which the gesture has previously been used, the observer's awareness
that she is meant to be imitating the gesture and her willingness to do so, the amount of attention
directed at the person or character demonstrating the action, and the ability of the observer to
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translate what she or he sees into an embodied understanding of how and where to move.
Kinectimals also lacks a sophisticated feedback system that could instruct players on what they were
doing wrong and offer suggestions. Though participants were able to infer a great deal from what was
going on in the game, they were sometimes unsure whether the error lay with them or with Kinect,
and often turned to the researcher for help or reassurance. The inability of the game to communicate
to the player precisely if, what, and how they were doing something “wrong,” and the resulting
confusion, suggests that even relatively high-tech devices cannot replace a human coach or
instructor, though future studies comparing the two methods of teaching might provide interesting
results. On the other hand, the context set up by the game, which is often humorous and light-
hearted, may afford more freedom for players to “goof around” and explore just what their bodies are
capable of doing—a valuable learning activity in and of itself, particularly for young children.

Variability of Gesture

The potential for error demonstrated in the above example is attributable in part to the many degrees
of freedom afforded by the human body, which also allows for a wide variation in movement patterns.
None of the participants had played Kinectimals before participating in the study, and each developed
a slightly different technique for swiping, throwing, kicking, and otherwise interacting with the game.
The variation in throwing strategies was particularly obvious. While most players began by using
overhand (above the shoulder) throws, some seemed to be applying a great deal of force to their
swing, while others used a technique that would be better described as flicking.

Strategies for throwing balls continued to change during the course of the play session, as some
participants began to abandon traditional throwing techniques in favour of a slower, shorter swing,
which seemed to be better suited to the game. The differences between the motion required to
accurately throw a real ball and the motions used to play Kinectimals suggests that the game would
not be useful in teaching advanced throwing techniques (‘How to throw,” 2011). This is in part
because Kinect cannot detect when the player is attempting to release the ball, and in part because
the game guides the ball to a certain extent in order to make it easier to hit targets. The disjuncture
between the player’'s physical space and the illusory space on the screen may have an impact on
players’ perceptions of angles and distance as well. Also, because there is no physical object being
thrown, the player lacks the haptic input that would allow them to determine the weight, size, and
shape of the ball, and adjust their movements accordingly.

As lan Renshaw et al. (2010) point out, however, movement variability is not in itself detrimental to
motor learning. In fact, the opposite is true, as “variability in movement patterns permits flexible and
adaptive motor system behaviour, encouraging free exploration necessary in dynamic learning and
performance contexts” (125). Accurate throwing, for example, depends as much on the ability to alter
the angle of the throw as it does on the ability to follow a predefined pattern or set of mechanics. Thus
the ability of players to adjust previously learned movement strategies to fit the context afforded by
the game and the interface could be approached as a skill in its own right—one that could potentially
be improved through the use of motion-based videogames.

The two related claims in embodied cognition that “perception is for action” and “cognition is situated”
suggest that context and purpose not only affect how people act, but also how they think (Wilson,
2002). If players are repeatedly encouraged to experiment with new movements and perform them in
different situations for different purposes, it is possible that this may change the way they perceive
their body and its capacities, as well as their environment. “Kicking the ball around” comes to take on
new meanings when it becomes part of a repertoire of movements used to interact with a virtual
environment, as well as something we do on the soccer field or in the arena.

While many videogames use avatars as a sort of stand-in for the player within the game space, the
only representation of the player's body in Kinectimals is a pair of semi-transparent, disembodied
hands. The player's ability to change their viewpoint or move around in the virtual space is also
limited, which in turn limits the ways in which activities like jumping, ducking, and spinning can be
incorporated into the game. This limitation is resolved in part by replacing a player avatar with the
cub. In order to perform tricks in Kinectimals, players must first perform a specific gesture, which their
pet will then “copy.” During the study, jumping was the first trick introduced, and while some
participants were initially unsure what to do, they quickly realized that they themselves had to jump in
order to make their cub jump. The “spin” trick, which required the player to spin in place, was then
followed by the “play dead” trick. For this last trick, participants were instructed to lie on their backs, or
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say, “Play dead.” If they were successful, participants were rewarded with an animation of the cub
flopping over on his back.

This sort of one-to-one relationship between the players’ actions and the actions of the cub later
proved to be misleading. When the “lie down” pose was introduced, most participants naturally
assumed that they should also lie down, and were confused when the cub either performed the play
dead trick or refused to do anything at all. In fact, the lie down pose was performed by leaning forward
and patting both hands on the ground. Much like the swiping gesture, the lie down pose made a
certain amount of sense in retrospect, since cats often lie down by tucking their legs beneath them.
By establishing a link between everyday human actions and the cub’s actions, however, the game
may have cued participants to draw on their own experiences of lying down, rather than copying and
learning the action demonstrated by the guide.

Several participants also prompted their pet to perform tricks that were not demonstrated by the
guide, either accidentally or through deliberate experimentation. The beg pose, for example, was
often triggered by participants holding their hands close to their chest while watching the screen.
Once they realized their movements could potentially trigger a trick, some participants began to try
out new gestures. Aside from encouraging players to explore new movements, Byrne’s (2005)
description of social mirroring suggests that the tricks activity might also have been designed to
encourage players to develop an empathic relationship with their cub. The cub’s ability to mimic the
player helps to establish a two-way relationship based on synchrony and mutual recognition. If the
cub “sees” and responds to the player, the player may be more likely to see and respond to the cub,
as well as other agents in the virtual world. When successful, imitation in Kinectimals can potentially
create a feedback loop in which the player learns to copy the guide and the cub learns to copy the
player, providing a fictional gloss that may help to naturalize the somewhat uncomfortable process of
learning to jump and flail about in front of Kinect's cameras.

Discussion

Jenson and de Castell (2009) suggest that, “Imitative play...engages players directly with the forms
and functions of the real” (6), however many of the activities in Kinectimals are a long way from being
“‘just like” the “real” activities they pretend to emulate. The observations gathered during this study
indicate that participants quickly learn to perform gestures that are effective for accomplishing certain
goals in the game, but would be unlikely to have the same effect outside of the game’s virtual
environment. Overall, the game neither encourages nor necessarily affords precise, directed
movement patterns. Many of the gestures used to throw the virtual tennis ball, for example, lacked the
physical force and follow through needed to accurately throw a tennis ball in real life. While
Kinectimals may not be particularly helpful in teaching specific movement patterns that can be used in
other contexts, the capacity to imitate an observed action and adjust one’s movements according to a
set of affordances and constraints might themselves be considered as forms of “embodied
competence” (Jenson & de Castell, 2009) that can be developed through imitative play.

The shifting gestural patterns that occur as players familiarize themselves with the interface and the
game activities may also be indicative of an exploratory, communicative process in which players
learn to detect what the game “wants” them to do, and modify their movement patterns and strategies
in order to produce something it “understands.” In other words, the game relies on a loose gestural
repertoire, which players must learn and enact in order to play the game. Often, players performed
these gestures in order to manipulate objects in the game, blurring the distinction between gestures
used to convey information and communicate with another agent, (Cook & Tenenhaus, 2009;
Broaders et al., 2007; Goldin-Meadow & Singer, 2003), and non-communicative gestures used to
manipulate or interact with objects (Montgomery et al., 2007). Though Kinect may provide the illusion
of direct interaction thanks to the very short interval between the player’s action and the movement of
the object in the virtual space, that interaction is dependent on communication as well as physical
cause and effect.

Despite being designed for young children, playing Kinectimals involves a complex process of
imitation, exploration, and adaptation as players contend with the limitations of the technology and the
functional requirements of the game. Understanding this process will require a great deal more
research, particularly given the enormous number of variables involved. While it might be easy to
dismiss the situations above as examples of players not paying attention or not following instructions,
it is far more interesting to ask what players were doing instead, and why.
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Future Research

The exploration of people’s experiences and perceptions of new gaming technologies such as Kinect
is one area in need of more in-depth research. Though the questionnaire used in this study was
adequate for gathering basic demographic information, it tended to raise more questions than it
answered about participants’ perceived experiences and beliefs. A more effective approach might be
to combine interviews with participant observation, and to extend studies over a greater period of time
and to different locations. Additionally, researchers might look at how motion-based gaming is
portrayed in the media, and what impact this has on players’ expectations about what they can and
should do when engaging in motion-based play. While such research might seem to be unrelated to
learning, some have noted that in today’s world, people can learn how to interact with new
technologies long before they actually encounter them (Brooker, 2010). Although there may be plenty
of anecdotal evidence to support this statement, specific studies investigating if, when, and how this
occurs are still needed. Familiarity with high-tech devices, both those which exist already and those
which are still in the realm of science fiction, may have a significant impact on the capacity of people
to learn to play with Kinect and other motion-sensing systems.

Marking players’ progression through a motion-based game, noting where they have difficulties, how
they adapt to overcome them, what information they’re given to help them do so, and how the margin
of error impacts play, can not only provide valuable information for the development of future games,
but may be used to develop teaching strategies which are better suited to promoting different sets of
embodied skills (Hsu, 2011, Kissko, 2011). To advance the study of digital game-based learning
(DGBL), close attention to the player needs to be combined with close attention to the game being
played, and in the case of field research in particular, to the space in which it is played. Furthermore,
DGBL research must be expanded beyond computer games to incorporate new interfaces and new
modes of interaction.

If we accept that players are learning something from motion-based videogames, there is still the
question of how applicable this learning is to other situations. Previous research has looked for
improvements in areas such as surgical skill (Boyle et al., 2011; Hogle et al., 2008), golf putting
technique (Downs & Oliver, 2009), and stepping ability in the elderly (de Bruin et al., 2010). While the
results generally indicate that motion-based systems can be beneficial, they are not always a suitable
replacement for real-life environments. The purpose of this paper is not to suggest that the transfer of
learning from motion-based videogames to specific and externally defined tasks is impossible or
unimportant, but rather that researchers and educators might benefit from a more holistic approach to
embodied competence as something which involves the ability to dynamically alter gestures, as well
as repeat them.
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Abstract: This study shifts inquiry from game-based content learning to broader
transformational learning (Mezirow, 1997) stimulated through gaming practices
transpiring longitudinally across social and formal/informal learning activities.
Findings of this case study involving two young women highlight the kinds of gaming
practices that participants actually pursue, the social context of gaming, and perhaps
most importantly, the meaning of gaming for participants as crucial variables. Our
study suggests that, beyond learning specific content, gaming became a significant
“possibility space” for the participants. This was particularly true in relation to
envisioning ICT careers, when other people (relatives, adult mentors) not only
introduced them to new games, but to new practices around these games, and made
explicit connections between these practices and future careers.

Introduction

Given the ubiquity of the standardized content movement throughout K-12 education, there is strong
interest in integrating game-based technology into the classroom as a means of delivering content
(Federation of American Scientists, 2006). Research suggests gameplay stemming from
commercially available video games may support standards-aligned learning in academic areas (e.g.
Squire & Durga, 2008; Steinkuehler, 2007; Steinkuehler & King, 2009), as well as broader 21% century
skills (King, 2012). However, the power of game-based learning extends beyond delivering content.
As simulated worlds, games are constructed from particular viewpoints, offering players access to
designed experiences (Squire, 2006). Interactive technology provides a low stakes sandbox to collect
experiences (Gee, 2004) that push the boundaries of “known,” opening the world of possibility (King,
2011). Thus, “games are both tools for transformative learning [and] possibility spaces for meaningful
experiences” (Mitgutsch, in-press).

While research points to specific forms of learning and cognition (e.g., Gee, 2003; Steinkuehler, 2008)
that may transpire during gameplay, less is known about the deep, transformational learning
(Mezirow, 1997) potentially sponsored through broader gaming activities situated across the lifespace
(Bruner, 1986). This approach requires looking at gaming not as a “separate world” (Stevens et al.,
2008) but as “tangled up with other cultural practices, which include relations with siblings and
parents, patterns of learning at home and school, as well as imagined futures for oneself” (p. 64).
Studies from this perspective have used ethnographic methods, particularly connective ethnography
(Fields & Kafai, 2009; Leander & McKim, 2003), or more generalized cognitive ethnographic methods
(Stevens, et al.,, 2008) to sharpen our understanding of the learning and meaning youth acquire
through ecologies of gaming encompassing a variety of social interactions, informal and formal
education. However, most of these studies have investigated a limited time span, typically a year or
less. As Stevens et al. (2008) note, a limitation of this work is that “research also needs to look at
gaming over time, taking seriously the idea that young people...have careers—with all that this term
implies—as gamers, and that these careers lead young people toward particular experiences, people,
and identities, and away from others” (p. 64).

Study Objectives

Our study shifts inquiry from content learning to broader transformational learning (Mezirow, 1997)
stimulated through gaming as it transpires longitudinally across social and formal/informal learning
activities. While a study of this nature makes a contribution to the literature outright, this paper
focuses on a longstanding issue in STEM fields—the under representation of women in ICT careers
(Fisher, 2007). Although research has investigated this particularly vexing situation, women remain
strongly underrepresented in ICT-related occupational areas. Recent research (Legewie & DiPrete,
2011) suggests that women’s STEM career decisions are strongly influenced by factors beyond skill
mastery, most notably social factors (family, peers and role models) and the affective effects of high
school coursework.
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Previous research indicates interest-driven learning ecologies (Barron, 2006) offered through
gameplay [particularly in conjunction with affinity space participation (see Gee, 2004)] are potentially
efficacious for developing vocational aptitude and interest (Hayes & King, 2009; Hayes, King &
Lammers, 2008; King, 2012-a; 2012-b), yet studies analyzing how these game-based experiences are
situated across players’ lifespan and lifespace have been lacking. Gee & Hayes (2010-a) state,
“Learning anything, at least anything deeply, always creates a history of reaching far back into the
past and extending out into the future” (p. 91). This provides a strong rationale for the study’s goal of
considering how gaming, throughout the lifespan, as a fundamentally social practice, has the potential
to not merely develop young woman's technical skills, but capture their imaginations, ignite their
passions, and serve as gateways to new identities and life choices (Hayes, King & Johnson, 2012).

Study Methodology and Analysis

Methodology for this case study (Stake, 1995) was informed by narrative (Reissman, 2001) and
technobiographical (Henwood, Kennedy & Miller, 2001) methods that aim to collect the unique stories
of participants, in particular, as associated with the use and implications of technology across their
lifespan. Two female participants in their early 20s involved in longitudinal research for over five years
with the study authors were purposefully selected (Creswell, 2006) based upon their participation in
post-secondary education in ICT-related fields. Each participant represented a specific demographic:
Nyght, a high-achieving student in her early 20s from an upper middle-class family, currently attends
a private undergraduate college, majoring in computer science; Jade, a twenty year old student from
a working-class, rural family, struggled in high school and is attending a private (for-profit) two year
college specifically catering to ICT careers.

Both young women participated in an extensive narrative interview and follow up interviews that
entailed mapping and reflecting upon significant life events related to digital media and gaming
experiences. Interviews were based upon the Playful Learning Biography method (Mitgutsch, in-
press) in which participants create a timeline of gaming and digital media experiences from childhood
to present and then reflect on the significance of these experiences. In addition to mapping their game
play, they were also instructed to design separate timelines and plot significant school and social
events. Open-ended interview questions prompted participants to diagram life events along the three
timelines and, thinking aloud (Ericsson, 1998), reflect upon the embedded learning and meaning,
particularly addressing connections across timelines. The audio taped interviews were selectively
transcribed for salient topics and coded for emergent themes and identification of significant learning
moments. This then was correlated to each participant’s hand-drawn timeline in order to obtain a
more in-depth understanding of the sequential and developmental unfolding of events, particularly
those contributing to developing skills, identity and support networks necessary to encourage
pursuing a career in an ICT field. Essential themes and learning patterns were established for each
participant and compared for similarities and differences.

Significant Themes Across Participant Life Trajectories

Two significant themes emerged from the study: the introduction of digital media-creation practices as
legitimate career activities by mentors, and the divergent, possibly social-class based, schooling
trajectories taken by both women. Although both cite experiences with videogames as significant in
their career choices, they have differing school and career trajectories.

Both participants were mentored by older, female role models who introduced them to gaming
practices that extended beyond playing videogames and helped make the connection between
creative practice as an amateur, and professional practice in related technical fields. While
participants had multiple social connections who introduced them to a variety of games, being
exposed to new practices, such as creating clothing for The Sims or add-ons for World of Warcraft,
opened up significant "possibility spaces" in which they began to imagine future careers in ICT
occupations. Mentors, whether in a single-gender after-school program or in the household,
encouraged exploration in these "possibility spaces" by providing resources, pointing out alignment
with IT careers, and serving as examples themselves.

An important characteristic of these mentoring relationships is that gaming, and in particular, self-
directed learning and content creation in conjunction with game-based interests, constituted a social
activity. However, “social” for these young women differed from the typical conceptualization of social
when considering female predispositions to digital media and gaming activities that involve
collaboration and communication (c.f., AAUW, 2000; Dickey, 2006; Taylor, 2003). Instead social
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meant the ability to interact with significant people in their lives, to operate on their skill level. And, for
both women, their activities in and around the game involved participating in the collective activities of
peers and the community, rather than collaborating. Each derived deep satisfaction through
developing their own area of skill and expertise and contributing it; collaboratively developing a mod,
or a design was not a noted motivation. Instead, creating something (a piece of clothing, a piece of
artwork, etc...) as a skilled artisan that was then offered as a part of the collective resources available
to peers or the community was something they both indicated as a unique source of satisfaction and
motivation.

The two participants, however, differed significantly in their school experiences and career
trajectories. Video games inspired them to pursue computer-based technology careers, but the
possibilities they discovered were quite different and clearly class-based, at least in part. Nyght
benefited from consistent access to computers and multiple computer games from early childhood.
Her parents encouraged computer game play, particularly educational games, from an early age. She
even played videogames with parents and was introduced to the practice of add-on creation by her
mother, who provided study materials and encouraged her own self-directed exploration. Nyght took
an independent study computer science course in high school. While attending a four-year liberal arts
college with the initial goal of being a biology major, she took an introductory computer science
course in which she designed a game as her course project, which she found very satisfying: “Games
in relation to computer science satisfied that creative part of my brain.” She switched her major to
computer science, and plans to attend graduate school where she hopes to use computers to "save
the world."

Jade had uneven access to computers, software, game consoles, and the Internet. She creatively
persisted in gaming by using shared equipment, often playing with extended family members and
using lower quality tools for content creation. Her parents did not support computer gaming, calling it
a "waste of time," and regimented technology classes in school alienated her. Not until she joined an
after-school gaming club for girls did she find success with game-related computing, creating new
game content and developing a new identity of herself as successful with art and technology. She
credits this after-school learning experience for her desire “to be the first one [in her family] to go to
college and graduate." Now, she knows "all the cool stuff you can do," in college and with computers.

Both participants played computer games throughout childhood and began to create digital media
content for games while in middle school. Being introduced to these practices early in their lives
influenced their choice of high school classes, although the two participants had markedly differing
experiences. Nyght was given the flexibility of an independent-study computing course, while Jade
experienced a boring, alienating, introductory-level graphics course. Despite their differing
experiences, both moved into computer-focused courses of study in college—either enrolling in a
technical college or choosing computer science as a major. Their differing college choices
undoubtedly reflect in part their SES backgrounds—Nyght had college-educated parents who
scaffolded her pursuit of higher education, while Jade was the first in her immediate family to attend
college.

Discussion of Themes and Implications

Some scholarship questions the role of gaming as a starting point for the study of computer science
and related technical fields (e.g., Wilson, 2002). However, such research has simply used “playing
games” or “time spent gaming” as the variables of interest, rather than investigating, as we have in
this study, the kinds of gaming practices that participants actually pursue, the social context of
gaming, and perhaps most importantly, the meaning of gaming for participants. Our study suggests
that gaming became a significant “possibility space” for these young women, at least in relation to
envisioning ICT careers, when other people—particularly relatives and adult mentors—not only
introduced them to new games, but to new practices around these games, and made explicit
connections between these practices and future careers.

Our study provides a strong case for the potential value of game-based educational programs that
provide mentoring and build on young people’s interest in games but introduce them to other, related
ICT practices. The way in which students play games, and their relative expertise in that game may
also be significant factors in opening up possibility spaces into which new ways of engaging with the
game may enter. In both cases, the participant had hit a critical point in how she engaged with the
game she was playing. Each participant had mastered the game as it was designed and was at a
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cusp in which she was considering changing how she played the game or whether or not she would
even continue with the game at all. Jade, for instance, had come into the afterschool group and
expressed how she was getting bored with the Sims, sensing that she had exhausted its content and
opportunities for novel experiences after years of gameplay. Nyght's experience, in contrast, was one
of frustration with the limits of the interface of World of Warcraft since it did not provide information
she needed to play the game well during challenging, group encounters. Both girls had attained a
high level of mastery of their chosen game, which set the foundation for going beyond playing the
game to mastering the system of the game via content creation and modification.

Our findings, however, suggest the need for broad conceptions of how gaming might be used to
introduce young women (and men) to computing. Many educational programs attempt to use game
design to teach a restricted set of programming skills, without considering participants’ existing
interests and goals. The young women in our study, in contrast, were initially engaged by creating
game content, enhancing their existing game play. We posit that this approach was crucial to their
ongoing interest in computing, as they learned to identify their own goals and direct their own
learning.

The possibilities that these young women found in gaming were clearly mediated by their
socioeconomic context and schooling. Gaming in turn affected their social and school experiences,
leading them to develop different sets of aspirations and skills. The young women’s families differed
considerably in how they scaffolded game-related practices and learning. While we know from prior
research (e.g., Heath, 1983; Lareau, 2003) that upper middle-class parenting styles more closely
align with school norms and practices than those of lower SES families, researchers have given little
attention to differences across social class in how video gaming is enacted, discussed, and valued
within families. Furthermore, it was evident in our study that game-associated, out-of-school learning
was recognized and valued quite differently in their respective high schools. Research documents
how more advantaged students tend to experience additional opportunities for project-based ICT
learning and the pursuit of higher level skills, while less advantaged students are relegated to rote
learning and basic computer skills (Goode, 2010; Margolis et al., 2003; 2008). Jade persisted—but
only barely—and we wonder how many others would have given up.

While we may celebrate the knowledge and abilities that young people develop through gaming, if this
learning is not similarly recognized and valued in schools or formal credentialing systems, it may
simply contribute to further alienation and disaffection from formal education and its associated
opportunities. Interestingly, similar implications have been discussed in research concerning the
game-based literacy practices of boys who are disaffiliated in school and the disconnect between
recognizing academic looking practices or activities that may constitute academic-like learning
practices (c.f. Gee & Hayes, 2010-b; King, 2012-b; Steinkuehler, Compton-Lilly & King, 2010;
Steinkuehler & King, 2009) or preparation for future learning (Bransford & Schwartz, 1999) in career
contexts (c.f. Hayes, King, Herro & Johnson, 2012; King, 2012). Often this discussion sparks the
consideration of potential systems for formally credentialing out of school learning. The cases
involved in this study can contribute to the ongoing discussion of badge and credentialing systems in
informal digital media spaces (c.f. DML: Badges for Lifelong Learning) by encouraging learning
environment designers to consider the importance of mentors and mentoring in helping participants
develop necessary identities (Gee & Hayes, 2010-b) and clarifying the relevance of competencies and
dispositions that go beyond the mere performance of skills (King, 2011; 2012-a).
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Abstract: This study modified an existing educational video game by varying a
learning mechanic and an assessment mechanic. The result was multiple versions of
the same game with identical game mechanics but different learning and assessment
variables. The impact of these variables was examined to determine their impact on
three dependent variables: learning, motivation, and in-game performance. One
hundred thirty-eight (N=138) sixth grade students were randomly assigned to play
one of the four versions of the game. After thirty minutes of play, results suggest that
providing players with a choice of non-player character from whom to receive
feedback results in significantly higher learning outcomes and desire to continue
playing compared to a non-choice condition. Comparisons between informative and
elaborative feedback did not influence student any of the dependent variables. The
theoretical and practical implications of these findings are discussed within the
context of educational game design and research.

Introduction

Educational video games by definition, regardless of genre or quality, must contain a number of
learning-related variables. Unfortunately, many games intended to educate, currently lack coherent
connections to theories of learning or underlying bodies of research (Shaffer, Squire, Halverson, &
Gee, 2005). This gap between theory and practice has resulted in video games that may be
enjoyable, but do not support academic learning (Barab, Thomas, Dodge, Carteaux, & Tuzun, 2005).
To help reverse this phenomenon, the Games for Learning Institute (G4LI) has urged educational
game designers to distinguish between and consider in their designs three categories of mechanics:
game, learning, and assessment (Plass et al., in press; Plass, Homer, Kinzer, Frye, & Perlin, 2011a).

Literature Review

Game, Learning, & Assessment Mechanics

When carefully designed and implemented, game, learning, and assessment mechanics can work in
concert to create a game experience that is effective both as a play experience and as a
learning/instructional experience.

Perhaps the most familiar concept to game designers is that of the game mechanic, since much has
been written on the topic (see Bjork & Holopainen, 2005; Fullerton, Swain, & Hoffman, 2008; Salen &
Zimmerman, 2004). For the purposes of this study, game mechanics describe the essential game
play activity and are distinct from learning mechanics and assessment mechanics. Well known game
mechanics include leveling, resource management, and turn taking. In contrast, learning mechanics
according to Plass et al. (in press) are grounded in learning theory and describe specialized activities
that have learning as their primary objective. Learning mechanics are theoretical in nature and must
be instantiated in the game space through the use of game mechanics. For example, the well-
documented instructional practice of peer-tutoring (see Topping, 1988), might be incorporated into a
game by requiring players to generate authentic problems to be solved by other players. Similarly,
assessment mechanics are grounded in test theory and are specialized activities that have
assessment as their primary objective (Plass et al., in press). An example, drawing on adaptive
testing theory, is a game that progressively challenges players by adaptively adjusting and setting the
difficulty level based on player performance.

Choice as a Learning Mechanic

The learning mechanic targeted in this study was choice. Research has shown that providing students
with choices can increase self-efficacy, motivation and learning. The motivational aspects of choice
have been part of many motivational frameworks, such as Eccles & Wigfield’s (1995) expectancy-
value theory, Bandura’s (1997) social cognitive theory, and cognitive dissonance theory (Collins &
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Hoyt, 1972). For example, the concept of self-efficacy is the belief in one’s capabilities “to organize
and execute the courses of action required to produce given attainments” (Bandura, 1997, p. 3).
Recently, Leotti, lyengar, & Ochsner (2010) argued that opportunities to exercise control may be
necessary to foster self-efficacy beliefs. They further assert that “each choice—no matter how small—
reinforces the perception of control and self-efficacy, and removing choice likely undermines this
adaptive belief’ (p. 4).

Several researchers have examined the relationship between choice and learning. Zuckerman, Porac,
Lathin, Smith, & Deci (1978) assigned 40 students each to a choice or no-choice puzzle-solving
condition. Individuals in the choice condition reported a greater feeling of control, greater willingness
to participate in another solving session, and spent significantly more time on similar puzzles in a free-
choice period at the end of the experiment. Cordova & Lepper (1996) investigated the effects of
choice on elementary children’s learning within a computer game. Subjects made choices on features
that are not relevant to the pedagogical aspect of the game. The results showed that even minimal
choices produced a significant increase, not only in the participants’ motivation, but also in the depth
of their engagement in learning, as evidenced by a preference for more challenging versions of the
game, the greater use of complex operations, and an emphasis on strategic play. Moreover, the
amount they learned increased, as did their perceived competence and level of aspiration.

This brief overview demonstrates that choice in a game environment might be leveraged to influence
learning, motivation, and in-game performance. For this study, the variable of choice was
operationalized by providing players with a choice as to the non-player character (NPC) that would act
as their “guide” during the game. These NPC guides provided feedback to players in the case of
incorrect answers. Players in the Choice condition (C) could manually select a guide from six potential
NPCs. Players in the Non-choice condition (N) were assigned guides automatically in the same
proportions as those players who selected their own.

Feedback as an Assessment Mechanic

The assessment mechanic varied in this study was type of feedback. Feedback is arguably one of the
most studied areas of learning and instruction and has a rich history in instructional theory. Research
on feedback generally confirms that learners are more effective when they attend to externally
provided feedback (Butler & Winne, 1995, p. 246). Furthermore, feedback has “the capacity to turn
each item of assessed work into an instrument for the further development of each student’s learning
(Hyland, 2000, p. 234). In addition, external feedback has been shown to influence how students feel
about themselves both positively and negatively, and what and how they learn (Dweck, 1999).

Video games, both educational and recreational, are filled with feedback. Many games use visual and
audio feedback to let players know if certain actions have succeeded or failed. Such feedback
communicates, to the player, details about the game’s inner sates and its core mechanics (Adams,
2009, p. 225). In video games, feedback is half of the “circular model of gameplay,” where the
“gamer’s input and the game’s output reciprocally influence each other” (Heaton, 2006).

To operationalize feedback in the studied game, the researchers provided players with one of two
types of feedback: informative or elaborative. The informative feedback was similar to what Kluger
and DeNisi (1996) called “knowledge of results”, which from an assessment perspective, is of little
value as it does not elaborate on why the answer was wrong, just that it was wrong and not the
desired outcome. The second type of feedback was termed elaborative. The goal of the elaborative
feedback was to provide players with more applicable information on what to do to correct an error
when an incorrect answer was submitted.

The Current Study

This study aimed to examine the impact of these learning and assessment mechanics on three
dependent variables: learning, motivation, and in-game performance. The overarching question was if
and how the inclusion of each of these theoretically based, non-game mechanics would alter these
important aspects of games for learning.

The first research question focused on the role of player choice in selecting a NPC to serve as an
instructional guide throughout the game. Will giving players control over which character provides
feedback influence learning, engagement, and in-game performance? It was hypothesized that
providing players with choice would positively impact all three variables.
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The second research question centered on which type of feedback, elaborative or informative, would
have a more positive impact. It was hypothesized that elaborative feedback, which is meant to guide
the player toward the correct solution, would result in higher player motivation, ultimately leading to
better understanding of the instructional material and more efficient in-game performance.
Conversely, informative feedback, which simply confirmed that an answer was incorrect, was
hypothesized to offer little additional value to players, resulting in lower motivation and a reduced
understanding of the instructional material.

A third research question focused on the potential interaction between choice of NPC and feedback
type. If a player is allowed to choose a NPC, but that NPC only gives informative feedback, will the
affordance of choice alone be enough to off-set receiving the presumably less valuable informative
feedback? If so, to what degree will the results be measurable?

Methodology

Design and Participants

To explore these questions, a two-factor study with an experimental design was conducted. One
hundred and thirty-eight (N=138) sixth graders were randomly assigned to one of four conditions.
These four conditions were based on two experimental factors: choice of NPC (C) versus no-choice of
NPC (N) and style of feedback, informative (1) versus elaborative (E). This resulted in four randomized
experimental groups summarized in Table 1.

Choice (C) No-Choice (N)
Elaborative Feedback (E) N =35 N =37
Informative Feedback (1) N =34 N =32

Table 1: The four experimental groups and the number of participants per condition.

Procedure

The experiment lasted two days, consisting of approximately two instructional periods. The Day 1
session consisted of introducing participants to the project, answering questions, and conducting a
15-minute paper-based pre-test with 21 questions about the game’s educational content (see
standards 4.G, 4.MD, 4.0A, 5.G, 7.G, and 8.G in National Governors Association Center for Best
Practices, 2010). On Day 2, participants were given one 30-minute play session followed by a paper-
based post-test. Students were told that the game consisted of six chapters and the goal was to
advance as far as possible in thirty minutes. Students played individually at computer consoles, with a
pair of headphones and “scratch” paper for note taking. After thirty minutes, students were asked to
exit the game and the paper-based post-test was administered. Students were given approximately
15 minutes to finish the test, which marked the end of the study.

Instruments and Measures

Educational Video Game

The educational video game used for this study was Noobs vs. Leets: the Battle of Angles and Lines.
This game was developed by researchers at the G4LI and was previously shown to be an effective
educational intervention (see Plass et al., 2011b). The game teaches angle rules and has a simple
story in which players help save their friends by unlocking paths represented by lines and angles. The
paths are unlocked by solving for unknown angles. Each of the game’s six chapters introduces a new
concept about identifying and calculating angles. For example, the first chapter starts with types of
angles (e.g., acute, obtuse, right, etc.) and their numerical values. As players progress through the
game, they are required to apply more complex concepts, such as the complementary, and
supplementary angles rule. At the beginning of each chapter, players are provided a brief video
tutorial about the new concepts covered. In total there are six chapters and the game increases in
difficulty with each chapter.

For the experiment, modifications to the original game produced by the G4LI| were made. The first
change appeared before participants started playing the game. Depending on experimental group,
players were asked to select a NPC (Choice condition) or auto-assigned a NPC (No-Choice
condition). In both conditions, players were told the NPC guide would “give you hints and tell you how
you’re doing.” Students in the choice condition were given an array of six characters to pick a guide
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from. These character images were selected from previous G4LI| research (Turkay, Hoffman, Gunbas,
& Chantes, 2011) and included three of the most liked and three of the least liked avatars. In the No-
Choice condition, the game automatically assigned players one of the characters from the six made
available in the choice condition.

The other variable manipulated in the game was the type of feedback presented to the player when
an incorrect answer was submitted. This feedback was displayed in a panel that would drop down
from the top of the screen. In this panel, the player would see their “guide”, the character that they
had selected or were assigned, and a speech balloon with text. This text was also spoken by a voice-
over recording that matched the gender of the NPC. In the Informative condition (1), the feedback told
the players what they did wrong. For example, if the player clicked on an angle that was too big, the
NPC would say, “The angle you selected is bigger than 90 degrees.” In the Elaborative condition (E)
the feedback provided information about what the players needed to do to find the correct answer. For
example, if a player clicked on an angle that was too big, the non-player character would say, “For 90
degrees, look for two rays which are perpendicular to each other.” Each piece of feedback was
preceded by a randomly selected preamble, such as “I'm sorry that is incorrect” or “This is not quite
right.” The preambles were the same for both conditions. The panel in which the NPC appeared could
be dismissed at any time by clicking a close button. This feature allowed players to interrupt and
remove the feedback at any time. Players also had the option of repeating the audio feedback by
pressing a button labeled “Repeat.”

Learning Measures

This study used several methods of data collection in assessing the potential gains in learning and
engagement motivation. To test both prior knowledge and post-intervention knowledge, a paper-
based test was designed by the researchers, which covered the topics introduced in the game. The
pre- and post-tests both assessed the participants’ knowledge of angle types (9 questions), angles
within triangles (4 questions), angles within quadrilaterals (2 questions), and the rules concerning
complementary, supplementary and corresponding angles (6 questions).

Motivation Measures

Motivation was measured using in-game questions presented at the end of each chapter. After each
of the six chapters, students were asked to answer five questions about their experience. Using a five
point Likert scale (1 = "Not at All”; 5 = “Very Much”) students were asked about their engagement in
the game. The five questions included: 1) How much fun was this part of the game?, 2) How difficult
was this part of the game?, 3) How much do you want to continue playing this game?, 4) How
interesting was this part of the game?, and 5) How helpful have your character’s hints been in this
part of the game? Answers to these questions were required in order to proceed to the next chapter.
All answers were recorded in log files.

Performance Measures

In-game performance was recorded using detailed log files kept during game play. These log files
recorded all actions taken within the game environment. This included speed of game play, correct
and incorrect answers, answer attempts, length of time on feedback screens, and more. These files
were subsequently parsed and analyzed to extract data about each participant’s specific in-game
actions.

Results

A preliminary analysis was conducted to ensure the four experimental groups were equivalent in prior
knowledge at the beginning of the experiment. This was done by comparing the pre-test scores of the
four groups. A one-way between-subjects ANOVA found no significant difference between the four
groups.

The researchers’ first question asked whether providing players with a choice of NPC would influence
learning, motivation, and in-game performance. Since the two groups, choice (C) and no-choice (l),
did not differ significantly on their pre-test score, an independent samples t-test was conducted. The
test found no significant difference in the post-test score of the two groups. The next logical step was
to look at whether there was a significant change from the pre-test to the post-test for the two groups.
A paired-samples t-test found a significant change from pre-test score to post-test score for subjects
in the Choice condition (t = 4.043, p < .001). The mean pre-test score for subjects in the choice
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condition (M = 11.406, SD = 4.860) increased at the post-test (M = 12.906, SD = 5.283). A paired
samples t-test found no significant change from pre-test to post-test for the No-choice group.

Next, the researchers turned to whether or not having a choice of NPC would influence subjects’ self-
reports of engagement. Each question was answered on a five-point Likert-scale (1 = "Not at All”; 5 =
“Very Much”). The analysis examined responses provided at the end of chapters one through three.
Responses to chapters four through six were not analyzed because not enough players completed
those chapters in the allotted time.

The first question asked players to report the amount of fun they had in the chapter they just
completed. Independent samples t-tests found no significant differences between the C and N groups
at the end of all three chapters. It should be noted, however, that the C group reported higher mean
fun ratings than the N group. These differences were not statistically significant. The second question
inquired about how difficult the chapter was. Independent samples t-tests found no significant
differences between the C and N groups at the end of each of the three levels. The third question was
about the subjects’ desire to continue the game after completing a chapter. No significant difference
was found between the C and N groups at the end of chapter one. A significant difference was found
between the two groups at the end of the second chapter (t = -2.00, p = .047). The C group reported
having a higher desire to continue (M = 4.32, SD = 1.098) compared to the N group (M = 3.88, SD =
1.409). However, no difference was found at the end of chapter three, although the average desire of
the two groups was quite high at the end of this chapter, with the C group reporting the highest desire
to continue (M = 4.51, SD = .952) compared to the N group (M = 4.06, SD = 1.045). A fourth question
asked about subjects’ interest in the game. An independent samples t-test found no significant
differences between the C and N groups at the end of each of the three chapters. The fifth and final
motivation question asked about the perceived helpfulness of the NPC guide. An independent
samples t-test found no significant difference between the two groups at the end of the three chapters
as measured by self-report. However, it should be noted that the C group reported higher helpfulness
scores on average when compared chapter by chapter with the scores reported by the N group;
however, the differences were not statistically significant.

The third aim of this study was whether or not the choice mechanic would influence in-game
performance. Three measures of in-game performance were used: 1) the total number of completed
levels, 2) the total time (in seconds) per level, and 3) the number of incorrect answers submitted for
chapters one, two, and three. An independent sample t-tests found no significant difference in the
total number of levels solved by each group or the average number of seconds spent per level. In
terms of the number of incorrect answers submitted, no significant difference was found between the
two groups after the first chapter. However, a significant difference was found in the second chapter (¢
=-0.130, p = .044) with the C group averaging more incorrect answers (M = 24.45, SD = 15.633) than
the N group (M = 24.06, SD = 24.06). No significant difference was found for the third chapter.

The same three research questions were also asked of the assessment mechanic embedded in the
game: informative versus elaborative feedback. To examine how feedback type influenced learning
the researchers first examined whether the two groups differed significantly in their pre-test score. An
independent samples t-test found no significant difference between the two groups. They also did not
differ significantly on their post-test scores. There was, however, a significant change between the
pre-test and post-test score of the E group (f = 3.128, p = .003). A significant change pre-to-post was
also found for the | group (t = 2.086, p = .041). The change between the pre- and post-test between
the two groups was not statistically significant.

The second research question asked if feedback type would influence subjects’ engagement self-
reports. No significant differences were found for any of the measures between the two groups on the
examined chapters one through three.

Finally, three measures of in-game performance were compared across the two feedback groups. No
significant differences were found for the number of levels completed and the average time spent per
level. In addition, no significant differences were found between the two feedback groups as
measured by the number of incorrect answer submitted in chapters one, two, and three.

Thus far, the analysis examined two variables, choice type and feedback type, independently. These
independent analyses show some significance in terms of pre-to-post gains between the C and N
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conditions. However, no significant difference was found between the informative and elaborative
feedback types. This result suggests that having a choice of NPC character impacts student learning
while feedback type does not. With this in mind, the researchers examined the impact of both
variables using a two-way factorial analysis. The results of this analysis show that when examined
together neither choice nor feedback were significant predictors of students’ learning.

Discussion

The first goal of this study was to provide a concrete example of how educational games can be
thought of in terms of distinct mechanics that work together to create a fun yet educationally valuable
experience. By thinking of games and their effectiveness in terms of game, learning, and assessment
mechanics, educational game designers have more powerful lenses through which to reflect on why
games work or do not. The researchers and the G4LI feel this is a valuable contribution to the field.

The second goal was to examine the effectiveness of two specific candidate mechanics: the learning
mechanic of choice and the assessment mechanic of feedback. The results show that providing
players with a choice of NPC positively influences learning outcomes, as well as aspects of motivation
and in-game performance.

Perhaps the most intriguing finding of the study is that although students in the choice condition
answered statistically more problems incorrectly than the no-choice group, their average reported
interest and desire to continue were higher than the no-choice group. In other words, despite
submitting more incorrect answers, the choice group reported having higher levels of motivation for
the game. This is rather counter-intuitive in that one might expect submitting more incorrect answers
to elicit greater negative affectation. In this case, however, it seems that the choice of NPC offset or
protected against the negative experience of answering incorrectly. This is rich area for further study.

Another important area of discussion is the study’s instantiation of the choice mechanic. Recall that
learning mechanics are by definition theoretical and must implemented concretely within a game’s
ecosystem. The current study chose to do this through the use of a NPC character selection screen
presented before game play began. This is, of course, but one way to instantiate choice; there are
many other possibilities worthy of exploration. How else can the choice mechanic be operationalized
within a game context? Are some instantiations more effective than others? For example, what if
players could choose a new NPC guide at the end of each chapter of the game? How would this
impact learning, motivation, and in-game performance?

Finally, the researchers hypothesized that different types of feedback would influence students’
learning, motivation, and in-game performance; this turned out not to be the case. This does not
mean that feedback cannot or should not be used as an assessment mechanic in educational games.
Indeed, feedback has a long and well-argued history in education. The lack of a significant effect in
this study is likely to have more to do with how the mechanic was operationalized rather than some
inherent issue with feedback itself. For example, perhaps the two types of feedback were not different
enough to elicit any change. Another possibility is that the elaborative feedback simply wasn’t
elaborate enough to help the target audience. Clearly, other explanations exist and more research is
needed to find the best ways to implement feedback into games for learning. The point is that
distinguishing between game, learning, and assessment mechanics is a useful approach to
organizing and implementing iterative games for leaning research.

References

Bandura A. (1997). Self-efficacy: The exercise of control. New York, NY: W.H. Freeman.

Barab, S., Thomas, M., Dodge, T., Carteaux, R., & Tuzun, H. (2005). Making learning fun: Quest
Atlantis, a game without guns. Educational Technology Research and Development, 53(1),
86-107.

Bjork, S., & Holopainen, J. (2005). Patterns in game design. Hingham, MA: Charles River Media, Inc.

Adams, E. (2009). Fundamentals of game design. Berkley, CA: New Riders Pub.

Butler, A. C., Karpicke, J. D., & Roediger, H. L., lll. (2007). The effect of type and timing of feedback
on learning from multiple-choice tests. Journal of Experimental Psychology: Applied, 13(4),
273-281.

Butler, D. L., & Winne, P. H. (1995). Feedback and self-regulated learning: A theoretical synthesis.
Review of Educational Research, 65(3), 245-281.

180



Collins, B. E., & Hoyt, M. F. (1972). Personal responsibility-for-consequences: An integration and
extension of the “forced compliance” literature. Journal of Experimental Social Psychology,
8(6), 558-593.

Cordova, D. I, Lepper, M. R. (1996). Intrinsic motivation and the process of learning: Beneficial
effects of contextualization, personalization, and choice. Journal of Educational Psychology,
19(88), 715-730.

Dweck, C. S. (1999). Self-theories: Their role in motivation, personality and development.
Philadelphia, PA: Psychology Press.

Eccles, J. S., & Widfield, A. (1995). In the mind of the actor: The structure of adolescents'
achievement task values and expectancy-related beliefs. Personality and Social Psychology
Bulletin, 21(3), 215-225.

Fullerton, T., Swain, C., & Hoffman, S. (2008). Game design workshop: A playcentric approach to
creating innovative games. Burlington, MA: Elsevier Morgan Kaufmann.

Heaton, T. (2006). A circular model of gameplay. Gamasutra.com. Retrieved from
http://www.gamasutra.com/features/20060223/heaton_01.shtml

Hyland, P. (2000). Learning from feedback on assessment. In P. Hyland & A. Booth (Eds.), The
Practice of University History Teaching (pp. 233-247). Manchester, UK: Manchester
University Press.

Kluger, A. N., & DeNisi, A. (1996). The effects of feedback interventions on performance: A historical
review, a meta-analysis, and a preliminary feedback intervention theory. Psychological
Bulletin, 119(2), 254-284.

Leotti, L. A., lyengar, S. S., & Ochsner, K. N. (2010). Born to choose: Biological bases for the need for
control. Trends in Cognitive Science, 14(10), 457-463.

National Governors Association Center for Best Practices (2010). Common Core State Standards for
Mathematics. Washington, DC: National Governors Association Center for Best Practices,
Council of Chief State School Officers.

Plass, J. L., Homer, B. D., Kinzer, C. K., Chang, Y. K., Frye, J., Kaczetow, W., Isbister, K., and Perlin,
K. (in press). Metrics to assess learning and measure learner variables in simulations and
games. In M.S. ElI-Nasr, A. Canossa, A. Drachen, & K. Ishister (Eds.), Game Telemetry and
Metrics: Maximizing the Value of your Data. New York, NY: Springer.

Plass, J. L., Homer, B. D., Kinzer, C. K., Frye, J., & Perlin, K. (2011a). Learning mechanics and
assessment mechanics for games for learning. G4LI White Paper # 01/2011. Version 0.1
September 30, 2011. Available online at g4li.org.

Plass, J. L., Homer, B.D., Hayward, E.O., Frye, J., Biles, M., Huang, T.T., & Tsai, T. (2011b). The
effectiveness of different game mechanics on motivational and educational outcomes in a
middle school geometry game. Submitted for publication.

Salen, K., & Zimmerman, E. (2004). The rules of play. Cambridge, MA: MIT Press.

Shaffer, D. W., Squire, K. R., Halverson, R., and Gee, J. P. (2005). Video games and the future of
learning. Phi Delta Kappan, 87(2), 104-111.

Topping, K. J. (1988). The peer tutoring handbook: Promoting co-operative learning. Cambridge, MA:
Croom Helm Ltd.

Turkay, S., Hoffman, D. L., Gunbas, N., & Chantes, P. (2011). Investigating video game characters as
role models in science, technology, engineering and mathematics. Paper presented at the
Teachers College Educational Technology Conference, New York, NY.

Zuckerman, M., Porac, J., Lathin, D., Smith, R., & Deci, E. L. (1978). On the importance of self
determination for intrinsically-motivated behavior. Personality and Social Psychology Bulletin,
4(3), 443-446.

Acknowledgments

This work was funded in part by Microsoft Research through the Games for Learning Institute.
The content and opinions herein are the author's and may not reflect the views of Microsoft Research,
nor does mention of trade names, products, or organizations imply endorsement. The authors would
also like to acknowledge Murphy Stein who was instrumental, both intellectually and technically, in
creating the original version of Noobs vs. Leets: the Battle of Angles and Lines upon which this
research is based.

181



182



Greenify: Real-World Missions for Climate Change Education

Joey J. Lee, Pinar Ceyhan, William Jordan-Cooley, Woonhee Sung
Teachers College Columbia University, Box 08, 525 W 120 St., New York NY 10027
Email: j13471@columbia.edu, pc2496(@columbia.edu, wcj2105@columbia.edu, ws2345@columbia.edu

Abstract: The literature on climate change education recommends social, accessible
action-oriented learning (Cordero, 2008; Bell, 2005) that is specifically designed to
resonate with a target audience’s values and worldview (Leiserowitz, 2006; Nisbet, 2009).
This paper discusses Greenify, a Real-World Action Game (RWAG) designed to teach
adult learners about climate change and motivate informed action. Evidence suggests that
gameplay helped players realize the magnitude of their personal actions, with reports of
new behaviors and an increased desire to educate others on the website and beyond.

Why a Social Media/Gamification-Based Strategy to Address Climate Change?

Despite effort spanning several decades to mobilize the public around the issue of climate change (e.g.,
Nisbet, 2009), few people take actions to mitigate personal emissions (Owens, 2000) and climate change
remains low in voters listing of national priorities (Leiserowitz, 2006). This reluctance to take action is often
explained by an information deficit model (Burgess et al., 1998), which cites gaps in knowledge including
incomplete or erroneous understandings of the causes of global warming (Bord, O’Connor, & Fisher, 2000;
Seacrest, Kuzelka, & Leonard, 2007; Fortner, 2001; Sundblad, 2008; Bostrom et al., 1994). However,
achieving a better public understanding of climate change does not necessarily lead to the desired
behavior change (Leiserowitz, 2006; McKenzie-Mohr, 2008; Owens, 2000; Finger, 1994). Some studies
have even found, perhaps counter-intuitively, that better-informed Americans are less likely to take
personal action rather than more (Kellstedt, Zahran, & Vedlitz, 2008; Moser, 2006).

Broadly, recommendations for future education efforts promote action-based learning and consideration of
the individual within their socio-cultural contexts. First, major barriers to climate change education efforts
include polarization of the issue across ideological lines (Nisbet, 2009) and distrust of institutional sources
of information (Nisbet, 2009; Owens, 2000). As such, climate change messages should be tailored to
resonate with the worldviews and values of each target audience, ideally developed and delivered by
among peers (Leiserowitz, 2006; Nisbet, 2009; Owens; 2000). Second, effective behavior modification
leverages normative and committing power of social groups rather than focusing on the individual
(McKenzie-Mohr, 2008). Third, knowledge acquired in an action-based and meaningful context promotes
behavioral change (Epstein, 1994; Cordero, 2008; McKenzie-Mohr, 2008) by building self-efficacy (Nisbet,
2009; Owens