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New technology has brought with it new tools  

for learning, and research has shown that the 

educational potential of video games resonates 

with scholars, teachers, and students alike. In 

Augmented Learning, Eric Klopfer describes the 

largely untapped potential of mobile learning 

games—games played on such handheld devices 

as cell phones, Game Boys, and Sony PSPs—to 

make a substantial impact on learning. Examining 

mobile games from both educational and gaming 

perspectives, Klopfer argues that the strengths  

of the mobile platform—its portability, context 

sensitivity, connectivity, and ubiquity—make it  

ideal for learning games in elementary, secondary, 

university, and lifelong education. 

  Klopfer begins by exploring the past and  

present of education, educational technology, 

“edutainment,” and mobile games, and then offers  

a series of case studies of mobile educational games 

that have been developed and implemented in 

recent years. These games—either participatory 

(which require interaction with other players) or 

augmented reality (which augment the real world 

with virtual information)—can be produced at 

lower cost than PC or full-size console games. 

They use social dynamics and real-world contexts 

to enhance game play, can be integrated into  

the natural flow of instruction more easily than 

their big-screen counterparts, and can create 

compelling educational and engaging environments 

for learners. They are especially well-suited for 

helping learners at every level develop twenty- 

first-century skills—including the ability to tackle 

complex problems and acquire information in “just-

in-time” fashion. All of this, Klopfer argues, puts 

mobile learning games in a unique and powerful 

position within educational technology.
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 “Mobile devices are rapidly becoming the new medium of educational and social life 

for young people, and hence mobile learning games are a key topic for learning.  

This is a breakthrough book which details deeply the background, design, research, 

and implementation of mobile learning games. It is of great benefit and essential 

insightful reading for teachers, students, game designers, and researchers.”

—Adrian David Cheok, Director, Mixed Reality Lab, National University of Singapore
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 “Augmented Learning tells a story that is both disarmingly modest and richly 

ambitious. Few books to date have offered such a comprehensive and clear view of 

what games and learning actually looks like, and the work is a marvel. I consider it 

essential reading for anyone struggling to answer the question why games matter 

to the future of learning.”
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Preface

For as long as there has been formal education, there have been calls for

education reform. Sometimes those calls arise from emerging pedagogies.

Sometimes they emerge from fundamental social and political change.

And sometimes they come out of necessity. We are currently in a transition

of necessity. Technological advances, globalization, and the shift from an

industrial to an information economy are forcing our hand and demanding

change. The rapid pace of change, on the order of years instead of decades,

further demands that education and training cannot end after high school

or college, but must become a lifelong pursuit.

This wave of change has brought with it a demand for new tools and

approaches that can address the new learning demands of elementary, sec-

ondary, university, and lifelong education. E-learning has emerged as a se-

rious contender to help support the learning needs of individuals across

this spectrum of levels. E-learning itself can mean many things to many

people and at its core simply means electronically supported learning,

which can be online, on desktop PCs, or even on mobile devices (though

the latter is sometimes referred to as m-learning). In practice e-learning

often means delivery of information and content to learners through on-

line hypertext, accompanied by images, audio, and video. But e-learning

can mean much more, as evidenced by the recent surge of interest in using

video games to teach everything from basic math skills for young learners

to advanced communication skills for adults.

Researchers have shown that the potential of video games in education

resonates with researchers, teachers, and students alike. There is growing

interest in utilizing games as educational tools (Prensky 2001; Gee 2003).

People are seeing the value of games as models of pedagogically rich, highly

motivating learning environments. Commercial games possess many of the



elements we look for in learning environments—collaboration, problem

solving, higher-order thinking skills, and so on. While some ‘‘edutain-

ment’’ games such as SimCity are being repurposed for the classroom, an-

other set of ‘‘serious games’’ is being developed expressly for learning.

Yet the introduction of video games into the classroom, or even educa-

tion more broadly, has yielded mixed results at best. Researchers worry

that the skills learned in video games may be difficult to transfer to the

real world. Developers of games lament the skyrocketing production costs

and questionable market. Teachers fret about the practical difficulties of

implementing games in the classroom. Students resent drill-and-practice

activities disguised as games. The potential of video games for learning is

real, but so are the difficulties in realizing this potential.

Enter mobile learning games. The mobile games market (encompassing

cell phone games and handheld console games like the Sony PSP and Nin-

tendo DS) is the fastest growing gaming sector in the world. Commercial

industry trends, while well ahead of the educational sphere, demonstrate

tremendous growth in the area of portable, handheld games. Nintendo

Game Boy, Nintendo DS, Sony PSP, and many cell phone games are quickly

becoming the fastest growing sector in games (Reuters July 28, 2005).

While some of these games are merely translations of ‘‘big screen’’ games

resized for smaller display screens, some of the most successful handheld

games are written to take advantage of the unique aspects of these plat-

forms. Mario Kart allows players to form ad hoc races with players standing

nearby, while Nintendogs, a wildly popular game in Japan that is a more

sophisticated version of virtual pets, requires players to ‘‘pet’’ their dogs

using the Nintendo DS touch screen.

Handheld games are accessible to many more people than PC or console

games, and can be developed without the astronomical production costs

associated with blockbuster games. With more devices in the hands of po-

tential players, a platform more amenable to casual play, and no need for

expensive 3D high-definition graphics, this is a fast-moving sector. Yet the

potential of handheld devices as a platform for learning games has gone es-

sentially untapped. Handheld computers have incredible potential for aid-

ing learning in a time when people must tackle complex problems and

acquire information in ‘‘just-in-time’’ fashion. These portable connected

computers can provide just the information necessary when it is needed

and where it is needed. Their design, size, and mobility also make them an
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ideal platform for learning games. Rather than cramming desktop applica-

tions onto these small devices, such games play to the strengths of this

platform—its portability, context sensitivity, connectivity, and ubiquity.

Well-designed mobile games can use the physical and social context of the

player as integral components to the game, creating a rich playing and

learning environment.

This book describes the educational and gaming landscapes that place

mobile learning games in the unique position to make a substantial impact

on education. It starts by exploring the past and present of education, edu-

cational technology, edutainment, and mobile games, and then delves into

case studies of a number of mobile educational games that have been

designed, developed, and implemented in recent years. These case studies

detail the history, uses, and design principles primarily of two categories

of mobile educational games: participatory (requiring interactions with

other players) and augmented reality (responding to player location) hand-

held simulation games. These games can place learners in real-world con-

texts that promote transfer of learning from one context to another. They

can be produced at much lower costs, using social dynamics and real-world

contexts to enhance game play. They can be integrated into the natural

flow of instruction much more seamlessly than their big-screen counter-

parts. And they can create compelling and fun educational environments

for learners. All of these factors combine to position mobile games in a

unique and powerful position within the educational technology space.

Why Mobility Matters: Theory and Practice

There is an adage in the field of learning sciences that we should define a

problem first and then seek the most suitable technology to fix that prob-

lem, rather than seek a problem to fix with a particular technology. I’d be

lying if I said that this was strictly how we conduct our work in the research

and development of mobile learning games, here in the MIT Teacher Edu-

cation Program or in the work to which I have contributed in the Educa-

tion Arcade. To be honest, most research (including ours) is much more a

hybrid of the two approaches. Surely one can find value in not strictly lim-

iting the genesis of innovations to addressing an existing problem or chal-

lenge. Similarly, science is not conducted by the linear process of sitting

down in a chair and coming up with a hypothesis to test, then designing
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and carrying out experiments and analyzing results; but rather by a messy

and nonlinear process of tinkering with experimental systems, then itera-

tively designing, testing, and modifying those systems. The design of learn-

ing technologies is more often composed of iterative cycles of designing,

modifying, and testing the technologies in parallel with a series of prob-

lems to which the technologies relate.

In the case of mobile learning games that we have developed, on the

technology strand we have examples that are firmly grounded in connect-

ing people with each other or with their surroundings or both as core com-

ponents of the games. This design approach arose from early experience

with mobile games, informed by theories of learning. In parallel, we have

goals of creating experiences that promote the new set of skills demanded

by the twenty-first century while meeting the realistic constraints of class-

rooms, schools, and other learning environments.

What ties the goals (twenty-first-century learning) and tools (mobile

games) together are two underlying learning theories that guide much of

our work—constructivism and situated learning.

Constructivist theory (Piaget 1977; Bruner 1986; von Glasersfeld 1995)

states that people learn by constructing their own understanding of prin-

ciples and phenomena. They build that understanding based upon past

experiences and beliefs, integrated with current experiences. That is,

according to constructivist theory, learning is an iterative process of updat-

ing existing understanding with new information acquired through activ-

ity. Educational activities informed by constructivist theory recognize that

learners enter these activities with preexisting knowledge, and shape

that knowledge through the experiences of those activities. Thus construc-

tivist activities are characterized by wide open spaces to explore, room for

learning through both success and failure, feedback that learners can use

to adjust their own understanding, and multiple possible outcomes. Con-

structivist activities often take the form of problems that learners are moti-

vated to solve in unique and active ways.

Situated learning (Lave and Wenger 1991; Lave and Chaiklin 1993;

Wenger 1998) is a theory that describes the process of learning as highly

social, embedded in the lives of learners, and can be complementary to

constructivism. Much of the theory of situated learning centers on the no-

tion of communities of practice: dynamic groups that are present throughout
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our lives in which we participate in various ways. Such groups exist in

schools, workplaces, social organizations, and families. Each of these groups

has a set of practices that members learn over time. While this training may

sometimes be formalized (such as joining an outdoor group to learn rock

climbing), it is often much more tacit (such as spending time with a group

of friends and learning what they enjoy). In addition to the set of skills and

knowledge one might learn by participating in such a community, the cul-

tural and social practices are also part of what is learned.

Learning activities that draw on the principles of situated learning and

communities of practice share many characteristics with constructivist

activities. They are also often problem-based, and draw upon previous ex-

perience in the learner’s life. These problems usually are inherently mean-

ingful and motivating to the people involved. But situated learning also

explicitly draws upon the real-world context in which the problems are set

and the community that is either developed or appropriated around the

activity. Social activity and connections to the real, physical world are im-

portant characteristics of situated learning.

The synthesis of the constructivist and situated learning paradigms lead

us to design activities that are inherently social, authentic and meaningful,

connected to the real world, open-ended so they contain multiple path-

ways, intrinsically motivating, and filled with feedback. While many tech-

nologies can foster some of these design elements, mobile learning games

are particularly well suited to supporting them all:

Social Mobile games draw upon existing social relationships and means of

communication when situated in social environments that participants al-

ready know how to negotiate. Many technologies require developing new

means of communication and of fostering social relationships. Mobile

games do not need to reinvent these systems, as they draw upon preexist-

ing ones—whether those be face-to-face, through other modern means like

instant messaging, or even phone calls. This real-time connectivity can in-

crease the building of real social relationships among group members.

Authentic and Meaningful Situating mobile games in real contexts con-

nects them to actual people, places, and events. While the specifics of these

games may be fictionalized, basing them in the reality of physical places—

through which the players must physically navigate—deeply connects the

players to the problem and place at hand.
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Connected to the Real World While PC and console video games strive for

high-fidelity graphics and game-play experiences, mobile games that are al-

ready set in the real world get 100 percent real-world fidelity for free. Many

intangibles of the physical world get incorporated in mobile games without

being explicitly designed into the games.

Open-Ended/Contain Multiple Pathways Like real-world problems, the prob-

lems designed into my group’s mobile games are significant and charac-

terized by the lack of one clear answer. Navigating large geographic and

information spaces makes knowing all of the information impossible,

and players must constantly redefine their own goals—in the end defend-

ing their answers and the means that they used to define that answer.

Intrinsically Motivating Mobile gaming not only is the fastest growing gam-

ing sector, but also has the broadest appeal across genders, ages, and inter-

ests. Drawing upon some of the design principles that have brought about

the broad success of this platform, we can make learning games that are

equally broad in their appeal.

Filled with Feedback Feedback in mobile games can come in many forms.

The most obvious is directly by electronic means. As players physically

move around in the real world and interact they are provided with virtual

feedback based on their actions, preprogrammed outcomes, and underlying

models. But feedback can also come from other players. As players encoun-

ter each other, by design and serendipity, they exchange information and

ideas, providing useful feedback to each other. Finally, new means of feed-

back can be discovered by players as they appropriate information from

their physical reality with the information provided to them by the games.

These characteristics fit well with the twenty-first-century skills we are

trying to build because they provide the appropriate context for students

to develop these complex abilities. Thus mobile learning games may be

uniquely poised to address these skills in schools, in the workplace, and in

life.

Who Should Read This Book?

The focus of this book is on the research and design of mobile learning

games. In order to effectively design such games, they need to be set prop-

erly in the context of schools and learning, games and education, and mo-
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bile games. The first half of the book lays out the history and current state

of each of these areas. Chapter 1 is about schools and education reform,

and how technology fits into the academic world. Chapters 2 and 3 are

about educational games, both historically and by design. Chapters 4 and

5 are about mobile games in general and applied to education in particular.

The remaining chapters (6 to 12) offer case studies in the design, imple-

mentation, and research of mobile learning games.

I’d like to think that the book can be read through the lens of anyone

interested in schools, learning, educational games, or mobile games, and

that there should be lessons and stories pertinent to any and all of these

realms. Even the case studies that straddle intersections of these topics can

be teased apart to provide insights for people with interests in one or more

fields. Thus teachers, trainers, technologists, administrators, instructional

designers, educational and game studies researchers, and game designers

should all find stories of interest to them. For teachers and other educators,

this book provides a new perspective on how educational technologies can

make a difference in (and out) of the classroom. Even if mobile learning

games are not specifically feasible or desirable, it is useful to understand

the salient characteristics and practices that make computer technologies

powerful and feasible classroom learning tools. For trainers who provide

professional development and just-in-time or on-demand learning for the

workplace, this book introduces new tools and approaches that should be

considered when looking to enhance the knowledge, skills, and perfor-

mance of a diversity of workplace learners. Training adults to enhance their

job-related expertise (everything from first responders dealing with a crisis

to managers working with teams) is a challenging task, and these tech-

nologies may prove effective in reaching this audience. Educational tech-

nologists can similarly benefit from understanding what makes mobile

learning games effective tools, and using these principles when evaluating

new learning technologies. Administrators may look to the lessons of

implementing mobile learning games when planning their own technol-

ogy infrastructure, both for what should be in their plans, as well as what

not to invest in. Beyond technologies, the material covered in this book

also speaks to the design of classroom and learning activities more gener-

ally, from which instructional designers could benefit. Parents can begin

to understand more deeply what their kids are doing and learning when

playing mobile games, and gain some insights that might help guide
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decision making when it comes to choosing video games. Researchers in

educational technologies and game studies can get a primer in a segment

of the video game space that has received little attention from either field,

and see the possibilities for research and development. And game designers

may look at their work differently and push into a relatively untapped

portion of the market, as they better understand the growth potential and

interesting design challenges and opportunities of mobile games.
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1 Educational Innovation through Time

I peer through a portal into three biology classrooms—one today, one

twenty-five years ago, and one fifty years ago. As I watch the first class I

see a group of students pour into the classroom and settle into their

wooden seats assembled in rows along the lab tables. They sit down, take

out their notebooks, and prepare to copy notes from the teacher. The

teacher walks into the classroom, takes out her notes, and begins to lecture.

She writes notes on the board, and illustrates concepts with diagrams, also

on the chalkboard. If it weren’t for the hairstyles and clothing, I might

need to watch for quite some time to determine which class is which. The

instructional style has hardly changed in the last fifty years. If I happened

to watch on a day in which the class had a test, I wouldn’t have any greater

luck in determining the era of the classes (aside from the quality of the re-

production of the test on photocopy) as assessment methodologies haven’t

changed much either.

Of course there are superficial differences. When showing illustrations,

the class from fifty years ago uses only white chalk, the class from twenty-

five years ago uses multicolor chalk and overhead transparencies, and

today’s class occasionally uses illustrations from CDs projected via LCD

projector.

The striking thing is that there are tremendous differences in content.

Fifty years ago the recent discoveries of Watson and Crick about the struc-

ture of DNA had not yet made their way to the classroom. Without DNA,

Mendelian genetics were a bit of a black box and taught as such. Twenty-

five years later DNA was something that was observed and well understood.

The connection to genetics was taught, as was the mechanics of how DNA

works. Jump forward another twenty-five years to the present and the num-

ber of classes about DNA has increased ten-fold and they now include



information not only on how DNA works but also how it is manipulated

and applied in science and medicine. The technologies (at least as they are

presented in a book) are taught and tested in detail.

The relevance of the science has also changed dramatically over that

fifty-year period. Fifty years ago biology was something that only doctors

needed to learn into order to practice medicine (and something that phys-

icists needed to take in order to fulfill requirements). Twenty-five years ago

biology was still the poor relative of physics, but was a promising field of

the future for scientists. Today biology and biotechnology affect not only

scientists and doctors, but also citizens every day as they must weigh in on

issues like stem cell research and assess their risks in the face of emerging

diseases such as bird flu.

Ask any teenager—sitting in front of a computer—what DNA replication

is and within thirty seconds with the help of Google or Wikipedia they can

regurgitate a description that would pass most classroom tests today.

Within the first few hits on Google you’ll find definitions, animations,

and activities that explain the process better than it was explained to me

in high school or university.

Students today could similarly look up information on avian influenza,

commonly called bird flu, and tell you about the genetic structure of

H5N1 (the scientific designation for the strain of bird flu). But ask them to

assess the risk of them getting infected by bird flu, and they are not likely

to even know where to start. Online they can find many estimates by dif-

ferent organizations over time. How do they make sense of that disparate

set of sometimes conflicting data? How do they break this question down

into the necessary components to evaluate? For example, they could get

bird flu from a bird, or another person. How would that happen? What is

necessary for that to take place? And what is the biology behind these

varied pathways? And then they must consider how they could estimate

their individual chance of infection. How do they assess risk and use infi-

nitesimally small probabilities? What do those numbers mean, and how do

they pertain to individuals? How do they understand the different ways in

which a person might come into contact with this disease? Can they exam-

ine their own social networks to understand the inherent heterogeneity

across geography and subpopulations? What about vaccines and cross-

immunity? Are all people equally susceptible and likely to come into con-

tact with this virus?

2 Chapter 1



The student in the biology class is hardly any more prepared to tackle

these issues and provide an estimate than the student who has merely

looked up a few facts on the Internet. And both of these students are only

marginally more prepared to answer this question than their peers viewed

through the portal twenty-five or fifty years ago. Yes, there are some con-

cepts and terminology that the students from today may be able to recall,

but that is the easy part of this problem. The hard part is breaking this into

the component questions, understanding how these relate to each other,

managing to make decisions with incomplete information, knowing which

experts and sources to draw upon and trust, understanding systems and

networks, analyzing data, interpreting numbers and graphs, and choosing

and using the appropriate information technologies to make this possible.

Those are the hard tasks. Most twenty-first-century schools do no better a

job at providing these skills than do the schools of twenty-five or fifty years

ago (Hirsch 1996; Ravitch 2000). Yet the economy and the world itself are

qualitatively different than they were in those eras. We currently face many

new challenges in our educational system, yet maintain similar dilemmas

from those previous times.

U.S. Education Reform

The schools through the portal all exist at critical points in U.S. educational

history. Fifty years ago schools were refocusing their efforts on science and

math education during the Sputnik era. There was a national imperative on

American competitiveness during that time. The United States needed to

create a workforce that was capable of competing with the Soviets. While

schools have traditionally been under state and local control, the federal

government stepped in to boost efforts in schools to create a workforce

with the knowledge deemed necessary to stay competitive. This marked a

significant milestone in stressing particular content in the classroom.

By many metrics this educational initiative met with great success (not

the least of which was putting a man on the moon first), producing the

‘‘baby boomer’’ generation that went on to produce great leaders in indus-

try and government and in many ways defined the United States in the

latter half of the twentieth century. Yet the schools of this time, as

throughout much of American history, faced challenges as they tried to

weigh competing priorities and conflicting philosophies. The mission of
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public secondary schools grew at this time to include accommodations for

all students, not just an elite few. It also balanced the goal of training the

future workforce with producing good citizens and creative thinkers.

The students in the room from twenty-five years ago are living in a differ-

ent educational landscape, though one that faces many of the same chal-

lenges. Their classroom may be one of those harshly criticized in A Nation

at Risk (National Comission on Excellence in Education 1983), a compre-

hensive report by the United States government published in 1983. This re-

port was prepared by a panel of educational and industry experts to assess

the current state of schools in the country at that time. There was the sense

that schools were not adequately preparing students, and this report was an

attempt to determine the extent of the problem. The fear was that the

United States was falling behind Japan, South Korea, and Germany in key

industries, and that the nation’s schools were likely contributing to the

problem (or could be a key to turning the situation around). A Nation at

Risk, as evidenced by the title, in fact found that the schools, teachers, and

students at that time were underperforming. They were scoring low on

international benchmarks and standardized tests within the United States.

Illiteracy was high and on the rise in both students and adults. Competen-

cies in ‘‘higher order’’ thinking skills were very low. From the industry side

there were complaints that employers consistently were required to train

their incoming workforce with remedial education. Leaders expressed

alarm at the time, particularly in light of the growing importance of science

and technology in the workplace and lives of citizens, and the glaring defi-

ciencies in understanding these rapidly changing fields in all but an elite

minority. A series of recommendations were made through this study,

which included a focus on a broad curriculum (notably including adding

to English, social studies, science, and math the fifth discipline of computer

science), new teaching methodologies, and metrics for success.

While many outcomes may be associated with this report, the standards

movement is the most prominent outgrowth of both this report and the ra-

tionale for developing it in the first place. Greater standards needed to be

put in place to ensure that students would meet minimum competencies

in schools, and tests needed to be created to measure if those standards

were being met. Great emphasis was placed on ensuring that all students

had the opportunity to meet these minimum competencies. The culmina-

tion of the standards movement was the creation and enactment of the No
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Child Left Behind (NCLB) Act of 2001, which placed the responsibility of

setting and measuring standards in the hands of each state (without addi-

tional funding as the states are quick to point out). Those standards, how-

ever, had to meet federal guidelines in order for states to continue to

receive federal funding.

Today those standards are firmly in place, yet there is still a perception

that the country is again slipping behind. The nations we now fear are

China and India. These massive countries, and their associated economies,

have created the perception of an economic threat and have therefore

raised a new national imperative to enhance the competitiveness of all citi-

zens. As made well-known by Thomas Friedman in The World Is Flat (2005),

many of the industrial and manufacturing jobs have moved overseas or

been displaced by automation. Further, many of the clerical, support, and

technical positions that had been a staple of the U.S. economy have also

moved overseas. The result of this shift is that the schools that were prepar-

ing students for a world in which they could depend on those jobs are ob-

solete and must adapt.

Modern Skills and Modern Education

A collection of some of the nation’s leaders in education, industry, and

government formed The New Commission on the Skills of the American

Workforce. In 2006 this commission released the report Tough Choices or

Tough Times (National Center on Education and the Economy 2007), which

provided a harsh criticism of the current state of schools in the United

States, and how they were failing to prepare students for the modern global

economy. The commission argued that the skills that the standards move-

ment has pushed are no longer sufficient to remain globally competitive.

Those skills must be bolstered by a new set of skills:

Strong skills in English, mathematics, technology and science, as well as literature,

history, and the arts will be essential for many; beyond this, candidates will have to

be comfortable with idea and abstractions, good at both analysis and synthesis, cre-

ative and innovative, self-disciplined and well organized, able to learn very quickly

and work well as a member of a team and have the flexibility to adapt quickly to fre-

quent changes in the labor market as the shifts in the economy become faster and

more dramatic. . . . The core problem is that our education and training systems were

built for another era, an era in which most workers needed only a rudimentary edu-

cation. (Executive summary, Tough Choices or Tough Times, p. 8)
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Others have similarly advocated that today’s workplace demands mark-

edly different skills than students currently are being prepared for in

schools (see for example Murnane and Levy 1996; Levy and Murnane

2004). While schools do a reasonable job of preparing students in the

‘‘hard skills’’ (math, literacy, geography), they are not adequately preparing

them in the ‘‘soft skills’’ (problem solving, communication, working in

groups, and so on). Jobs increasingly are relying on these soft skills, as the

hard skills alone are insufficient for managing the diverse tasks in the

modern workplace.

Levy and Murnane (2004) identify two particular sets of skills that the

modern workplace relies heavily upon—expert thinking and complex com-

munication. Expert thinking applies to domain-specific problems that can-

not be solved by following a simple set of rules. Complex problems often

cannot be solved in a linear fashion, and require deep understanding of

systems and processes, an understanding that comes with intricate famil-

iarity with a particular area. This kind of thinking is not easily taught in

the format of current schooling that emphasizes following rules, and

superficial coverage of vast amounts of content. Complex communication

describes a variety of personal communication skills necessary in many

aspects of work. These includes persuasive speaking, inductive reasoning,

communicating with colleagues, understanding clients, making inferences,

and describing technical work in nontechnical ways. Again, students lack

the opportunity and instruction in contemporary classrooms to hone these

skills.

There is a strong overlap between these skills and information technolo-

gies. Much of expert thinking and complex communication relies on infor-

mation technologies. One may assume that this is one place that current

schools excel. Looking around at students in or just out of high school

seems to show strong evidence for their abilities to use information tech-

nologies. And if we were simply to measure the ability to employ software

and communication technologies to complete simple tasks, then the stu-

dents would be doing okay. But this set of ‘‘contemporary skills,’’ as

defined as a part of Fluency with Information Technologies (FITness) by

the 1999 National Research Council study on Being Fluent with Information

Technology (and revisited in 2006 in NRC’s ICT Fluency and High Schools

[National Research Council of the National Academies 2006]), is just one

component of preparation for using information technologies. In addition
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to contemporary skills are ‘‘fundamental concepts,’’ the basic understand-

ing of the workings of technologies, and ‘‘intellectual capabilities,’’ a suite

of cognitive abilities that must be learned in order to know how to apply

information technologies to relevant tasks and problems.

Learning all of these components of information technology competen-

cies (FITness) is critical to being prepared for the modern world, both in the

workplace and out. This set of intellectual capabilities comprises a broad

range of skills related to living and working in an IT-inundated world.

None of them specifically mention technology, but all are tightly inte-

grated with it. The skills (National Research Council 1999) are as follows:

1. Engage in sustained reasoning.

2. Manage complexity.

3. Test a solution.

4. Manage problems in faulty solutions.

5. Organize and navigate information structures and evaluate information.

6. Collaborate.

7. Communicate to other audiences.

8. Expect the unexpected.

9. Anticipate changing technologies.

10. Think about information technology abstractly.

This list looks distinctly different than the frameworks and standards set

forth by most states to establish guidelines for what students need to know.

While those sets of standards often pay some attention to scientific think-

ing, critical thinking, data analysis, and communication skills, these are

most often the skills that are ignored on the assessment tools, and sub-

sequently in the classroom. Instead, lists of facts and domain elements are

ticked off as lessons touch on those concepts. In the rare cases where tech-

nology enters the assessments it is in superficial ways, asking students to

define particular technologies or other tasks that are in the IT concepts cat-

egory, squarely missing the suite of intellectual capabilities that will be

required outside of school (in the workplace, in post-secondary education,

or in being informed citizens).

In revisiting these skills (National Research Council 2006), experts have

attested to the continued importance of these intellectual skills. While the

particular technologies and concepts have changed (in 1999 the Internet
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was still in its infancy, without blogs, streaming video, or social network-

ing), the intellectual skills are still critically important and are likely to re-

main so for a long time. However, further looking at this list makes

apparent the difficulty in teaching these skills in the current school modal-

ity. With vast amounts of content to cover, how does one have the time to

‘‘engage in sustained reasoning’’? How does one go deep enough into a sin-

gle topic to learn to ‘‘manage complexity’’ or ‘‘manage problems in faulty

solutions’’?

Students cannot simply be taught FITness. You can’t just provide an

extra week of instruction on these topics, or even an extra class on this set

of skills. Building FITness cannot be done abstract and discretely, but

requires integration with existing subject matter. We need to find ways to

provide students with meaningful experiences through which they can de-

velop these skills in the context of their existing subject matter and course-

work. The skills must also be learned in pursuit of improving skills in expert

thinking and complex communication.

IT as the Problem and the Solution

As much as IT has created a complex intellectual landscape that can only

be navigated with a new set of skills, it has also provided the means to learn

that navigation process, and at the same time make advances in the educa-

tional system that have been slow to come. Using new technologies we can

engage students in deep, meaningful, realistic, and relevant problems, the

kinds of complex collaborative problems that education reformers have

been clamoring for for many years. Some of this can change through the

use of desktop/laptop computers. Students can now work with data anal-

ysis tools, collaborative learning environments, simulations, multimedia

authoring tools, and virtual environments, all of which offer access to new

content and new ways of learning. Video games (see chapters 2 and 3) are

particularly promising technologies for learning. This young field is just be-

ginning to explore how games not only can motivate students, but also

provide rich learning environments that challenge students in understand-

ing complex problems, whether by jumping back in time to understand

history, or inside of a blood vessel to explore the human body. Gaming

technologies have a lot to offer despite their previously tenuous relation-

ship with learning.
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While some change can come through the use of traditional desktop

computers in computer rooms, this setup in and of itself has become prob-

lematic. Rather than using tools such as the ones mentioned above to teach

a new set of skills, most computer rooms have been appropriated to teach

all of the old skills in slightly new ways (see chapter 6). Students collect in-

formation for reports from the Internet instead of the library, they type

reports on word processors instead of typewriters, and make multimedia

presentations on PowerPoint instead of poster board. But the content and

skills are largely the same. They are often not provided with the opportu-

nity to explore emerging ideas, work in distributed teams, take on complex

issues, or take ownership of problems at hand. All too often students still

are not engaged in their own learning. A famous study (Wenglinsky 1996)

investigated the connection between different uses of computers in the

classroom and academic achievement as measured by performance on the

fourth- and eighth-grade National Assessment of Educational Progress

(NAEP). Wenglinsky found that students who used drill and practice soft-

ware for rote tasks did the same or worse than students who didn’t use

computers at all. However, math and learning games along with simula-

tions and applications were associated with higher scores for students,

with the added benefits of increased attendance and higher school morale.

But we need to find ways to promote that kind of learning without getting

bogged down in the routine of computer rooms.

What this means is that we need to harness IT for learning outside of the

computer room. We need to put technology into the hands of teachers in

their own classrooms, where they can use it to enhance and integrate with

their own instruction, not simply add an IT component to their existing

courses. Handheld computers, or personal digital assistants (PDAs), like

the Pocket PC/Windows Mobile or Palm platforms provide such an oppor-

tunity. Relatively inexpensive handhelds can provide a one-to-one (one de-

vice per learner) solution in the classroom now. While some researchers

and software designers have sought to make these serve the purpose of tra-

ditional computing resources, only in a smaller form (see chapter 4), the

real opportunity comes in integrating computing with other social, collab-

orative learning activities that allow technology to facilitate learning and

problem solving, rather than being the focus of such efforts. One successful

application of handhelds in education of this vein has been the use of Pro-

beware, which allows students to take their handhelds out of the classroom
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and into the field where they can sample data about the local environ-

ments. However, the rise of mobile gaming on cell phones, Game Boys

(handheld game consoles), and other mobile devices (chapter 4) suggests

that handheld computers can play an important role by bringing gaming

technologies into the classroom (chapter 5). The handheld platform also

avoids the stigma too often associated with video gaming technologies, by

decreasing isolation of students from each other, and facilitating new gam-

ing patterns and genres.

Building FITness through Handheld Games

For a number of years I have been designing mobile games for learning that

push the envelope of both what students learn ‘‘in’’ school and how they

learn it. Much of this technology has subsequently been employed out of

school in universities, in museums and other informal learning centers,

and increasingly with adult learners. These games have been designed

with FITness skills as a key set of desired learning outcomes. While the ini-

tial chapters of this book set the stage for the role of handheld games in

learning, the later chapters explore the design and implementation of these

games for a variety of learners. I set out to highlight key lessons learned

through both the design and subsequent study of these games, and distill

some design principles that have been particularly effective at targeting

the FITness skills. I review these skills now in more detail, noting how

they map to mobile games and where they are discussed further in the

chapters to follow:

1. Engage in sustained reasoning. Learners engage in problems taking

many days to solve, and must employ a variety of resources for problem

solving. This is ture of most of the games that have been developed; see

for example the participatory simulations of chapter 6.

2. Manage complexity. Learners must try to manage complex systems with

unpredictable outcomes, such as epidemics (chapters 6 and 9) and virtual

ecologies (chapter 12).

3. Test a solution. Learners encounter problems for which they must not

only assess the situation but also design (see for example chapter 7) and im-

plement (chapter 10) those solutions.

4. Manage problems in faulty solutions. Learners must understand that

their interventions will not always lead to the perfect result. Sometimes
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trade-offs must be made in designing solutions (chapters 7 and 8), guided

by the feedback learners receive in implementing solutions (chapter 10).

5. Organize and navigate information structures and evaluate information.

Learners must collect and evaluate information from a variety of sources,

including primary data, documents, and witnesses, as demonstrated in

many of the location-based augmented reality simulations. This task is par-

ticularly relevant to the games described in chapter 11.

6. Collaborate. Collaboration is indeed one of the key design principles that

cuts across all of the games that we have designed. No game can be played

alone. Chapter 9 includes a thorough discussion of this design principle.

7. Communicate to other audiences. Learners must be able to communi-

cate with other players within the games (role playing different audiences

as in chapter 11) and often have to present their findings to panels as part

of the ‘‘end game’’ (as in chapters 7 and 8).

8. Expect the unexpected. Planning for the unexpected may seem like a

paradox, but in managing complex systems, and understanding how they

work, learners can begin to assess risk and plan for such contingencies as

they must do in the games described in chapters 10 and 12).

9. Anticipate changing technologies. While the technology is not an ex-

plicit focus of any of the games that we design, learners must master a

range of technologies including peer-to-peer messaging, wireless communi-

cation, spatial navigation, data collection, and analysis and visualization.

The diverse landscape of changing technologies is represented across all of

our work.

10. Think about information technology abstractly. Again the focus is not

on the technologies themselves but how they are used. Thus we don’t

teach about the technology, but rather help learners understand the func-

tionality that the technologies provide by presenting them with a problem

and the means to solve that problem.

The themes of expert thinking and complex communication are also present

in much of the work that we have conducted. Using role playing, learners

in our games examine problems through the eyes of professionals in many

fields, developing the expert thinking required to solve these problems.

Similarly players must communicate with each other (often representing

different roles and skills) and to outside audiences through a variety of

media. They learn about new technical, social, scientific, and political
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concepts in order to understand and convey these messages to other

players through complex communication.

The Trojan Mouse

The next few chapters outline in more detail the case for handheld games

for learning. They explain the sordid past of games in education (chapter

2), what games really are (chapter 3), the history of handheld games (chap-

ter 4), and ultimately the small world of educational handheld games

(chapter 5). Those chapters are followed by narratives that describe our

work in designing, developing, and studying handheld games for learning.

But before proceeding into those chapters I’d like to contextualize

my arguments for the use of handheld games in learning with these

observations:

Handheld games are not a panacea. While I believe that handheld games

afford great potential for learning, and are particularly well suited to ad-

dress some of the issues previously outlined in a way that is both compati-

ble with current schools and capable of changing them, handhelds are not

the silver bullet to save education. They can, however, play an important

role.

Handhelds can play nicely with other technologies. There are many technol-

ogies that can and should have a place in the educational arsenal of learn-

ing organizations. Collaborative tools (blogs, wikis, knowledge-building

software), immersive environments (e.g., virtual worlds like Second Life),

media processing and sharing tools, and many others have a home in edu-

cation. Handheld games fill a new and less-well-known niche in this ecol-

ogy of tools.

It isn’t all about the technology. Most of the intellectual capabilities previ-

ously defined are relevant to understanding most modern issues and prob-

lems. They need not necessarily be associated with technology at all. Many

of these skills are equally relevant to constructivist learning that has been

promoted by education reformers for decades, and could be fostered with-

out technology. Technology, however, is the vehicle for getting these intel-

lectual capabilities into schools discretely. Others have called this use of

technology the ‘‘Trojan Mouse.’’ Though that metaphor doesn’t work as

well on handhelds, which employ a stylus, not a mouse. The ‘‘Trojan

Stylus’’ just doesn’t have the right ring to it.
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2 Educational? Games?

It would be difficult or impossible to write a book about educational games

that didn’t ask and attempt to answer: What is ‘‘educational’’? And what is

a ‘‘game’’? The latter question, of what defines a game, has been taken on

by a number of games scholars in the last several years (e.g., Salen and Zim-

merman 2003; Juul 2003; see chapter 10 for further discussion). Such defi-

nitions often contain some combination of rules, goals, outcomes, and,

sometimes, fun.

In fact, an activity that I do annually in my own class on educational

games is to have students attempt to define ‘‘game.’’ We start by brain-

dumping recollections of every game that everyone has played without

attempting to define what a game is. What results is a compiled list con-

taining hundreds upon hundreds of games, from tic-tac-toe to World of

Warcraft to beer pong to games that may best be classified as mind games

(like ‘‘Can I get that girl/boy to like me?’’). Despite the controversy that

this question has created in the scholarly community, in a class of a dozen

or more students there is little debate on any of the games that students in-

clude in their lists (with the possible exception of the mind games men-

tioned above). When we move from definition by example to formalize

the definition, the debate begins.

There is some debate on rules, especially considering in the mix a game

like Nomic, which has an evolving rule set. Nomic (Hofstadter 1982), in

case you are unfamiliar with it, is a game in which the rules involve chang-

ing the rules. Each round a player’s move is to make a rule change. This has

spawned a large genre of such rule-changing games. But regardless of rule

changes, there are rules. More debate centers on issues of ‘‘fun’’ and

‘‘goals.’’ Goals become a challenge when considering gaming spaces like

Second Life or even The Sims, in which goals often are not specified by



the game itself, which instead provides feedback that the players can use to

establish their own goals. In terms of fun, perhaps just good games are

‘‘fun.’’ Or maybe ‘‘fun’’ is in the eye of the beholder.

Defining ‘‘Games’’ in Schools

It is actually this flexible definition of game that becomes an asset when

we’re working with games in the classroom. For all practicality, when deal-

ing with students, teachers, and learners, we can use a functional definition

of game and say it is anything that the participants will let us get away with

calling a game. More precisely I can define it as a ‘‘purposeful, goal-

oriented, rule-based activity that the players perceive as fun.’’ In the con-

text of school, where fun is not typically a priority design feature of daily

activities, this definition provides a great deal of latitude. In fact, in many

classrooms the only experience that is typically passed off as a game is hard

to distinguish from a test. Students divide up into two or more teams and

answer questions (often of the type that they’ll be seeing on a test or quiz a

few days later) from the teacher, such as ‘‘What is the organelle responsible

for photosynthesis in plants?’’ Sometimes, to make the experience even

more game-like, the teacher will provide the answer and the students must

respond Jeopardy style: ‘‘This is the organelle responsible for photosyn-

thesis in plants.’’ The sense in which this is a game instead of a test is that

there are points awarded for each question, and the outcome is a prize in-

stead of a grade.

I don’t want to trivialize the teaching profession (I was a teacher and

know how hard the work is), or to overstate the ease with which one can

create more engaging games in the classroom. There are many constraints

on the daily activities of classrooms, including the demands from standards

mentioned in the last chapter, and the ever-present demands of 150 or

more students on a daily basis. Most teachers would like to have tools

through which they could easily motivate and educate students, but there

is a paucity of such tools.

Teachers know that the word ‘‘game’’ has a lot of appeal and they try to

motivate students through games such as the one I described, or even

worksheets or other activities that are only games in that the teacher calls

them ‘‘games,’’ hoping to motivate the class to engage in them (e.g.,
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‘‘Class, today we’re going to play a game. Put away your books and write

your name at the top of the test, er, game.’’). However, that same term

also can be very threatening. In a time when the words ‘‘video game’’ are

most often mentioned in the media in an unflattering context, such as for

allegedly inciting violence, portraying pornographic images, or causing ad-

diction, some teachers fear that calling something a game that actually

might be a game is undesirable. We are often asked by teachers to refer to

our projects as ‘‘simulations’’ or ‘‘activities’’ instead of ‘‘games.’’ A depart-

ment chair at one of the schools we worked with recently sent this request

before our meeting with the rest of the teachers in that department: ‘‘Is

there any possibility that we could present this as something other than a

‘game’? I am just concerned about the message that will send and would be

thrilled if maybe we could categorize this as an investigation, debate, explo-

ration, etc. I think it would be more palatable in the context of the work we

are engaged in at [our school—name removed].’’

This response has an interesting duality. On one hand it is quite critical

of games, suggesting they will be disruptive in light of the other positive

work that the school is engaged in (and there is a lot of it). One may as-

sume that either the games are expected to cause the students to see their

work in a less serious manner, which would compromise their investment

in learning, or that employing games would signal to teachers that we are

not taking their work seriously. So it may be the case that teachers value

what games actually provide but discount the term as trivial. On the other

hand, when teachers suggest alternative terms, the terms they suggest

convey rigor and deep learning associated with games. The terms ‘‘investi-

gation,’’ ‘‘debate,’’ and ‘‘exploration’’ all have meaningful and valued asso-

ciations in school. Teachers often make great efforts to engage students in

these kinds of activities, and the use of these terms as alternatives is a testa-

ment to the implied value of this medium.

In another school we worked with a teacher who was using a number of

our activities in his science class. There were multiple sections of the same

course, and a different teacher was teaching a traditional version of the

same class in another section. The students in the traditional class com-

plained to the principal that the students in the other class were ‘‘playing

games’’ while they were doing book reports, and that it wasn’t fair. The

principal snapped into action immediately and told the teacher we were
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working with to stop his activities and have the students do more book

reports.

In these cases we usually try to do a little intervention and offer some

media education about what games are (and are not). But in the end, I’ll

usually bend and play down the use of the word game if it is requested

and call them handheld-based activities or simulations. But when we get

in front of the students, the word game goes much further. They can adapt

what they already know about ‘‘playing’’ games and start plotting out strat-

egies, incorporating what they know about collaboration and competition,

and define their own goals with little instruction. They readily buy into the

concept that these are games because they are indeed fun (by their own

words and measures). Despite this label, I have yet to see these games cause

any disruption of the kind that teachers fear, either with students or other

teachers, which might interfere with the work in which they are engaged.

To the contrary, we find that use of the label often motivates the unmoti-

vated student, and intrigues the motivated student in a new way. These

experiences are often cited in end-of-year evaluations as having been mem-

orable and motivational. In short, they can be both ‘‘games’’ and ‘‘produc-

tive’’ at the same time.

Are All Games Educational?

But it is certainly a challenge for designers and creators of educational

games, as well as many of the teachers who are their potential consumers,

that the game label can be a stigma as much as it is an asset. One doesn’t

need to look far to see where that negative view is coming from. The media

is filled with coverage portraying video games as the source of malevolent

content and behavior. This stereotypical portrayal of video games has be-

come so deep-seated that many people don’t even know they hold this

view. My family and I were recently visiting friends who had an elementary

school-aged daughter, who I’ll call Neera. I saw that her parents had given

Neera a computer, and it was placed at a low, small table to make it very

accessible to her. Neera was eager to show my young son what she could

do on her computer, and my son was quite happy to oblige (as he has

enjoyed computer games since he was three). They played a Disney Prin-

cess adventure, or something like that, which they both enjoyed. In my

quest for good children’s software (examples of which are few and far be-
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tween), I asked one of Neera’s parents what other games they had. The par-

ent replied, ‘‘Games? We don’t let her play video games. No violence.’’ As

with the previously mentioned teachers, I dropped the term and used some

other term such as computer ‘‘exploration’’ or ‘‘investigation.’’

What was clear was that to this parent, video games involved shooting

things. A Disney Princess adventure therefore was not a video game. This

is a problem that the whole video game sector faces, not just the small edu-

cational sector. The message about the value of games and the vast ecology

of different games need to be disseminated in order for games to have a

chance in the classroom, or in educational venues more broadly.

That raises the question, What is ‘‘educational’’ about games? Others

have argued (e.g., Prensky 2001; Gee 2003; Squire and Jenkins 2003; John-

son 2005) that there are many aspects of commercial off-the-shelf (COTS)

games that model the way that good learning happens. Even playing ‘‘vio-

lent video games’’ (in the words of Gee—though he is not necessarily advo-

cating for violent video games) models how we should structure problem

solving for students—by challenging them to transfer knowledge from puz-

zle to puzzle, learn about systems, test hypotheses, and to communicate

effectively. For example, in trying to kill a ‘‘boss’’ (one of the big, nasty

characters that usually appears at the end of a level in ‘‘first-person

shooter’’ games) in an upper level of a game, a player might need to trans-

fer some of the lessons that they learned in earlier levels (or even other

games) such as shooting from behind barriers or angling down from a bal-

cony. Similarly, players may need to test variations on these previous meth-

ods and devise and test ways to modify their strategies. Or players may

need to try to understand how to avoid triggering the onslaught of killer

robots when entering a particular room, by understanding the behavior of

this species and how the robots communicate, react, and respond. These

are all essential skills—transferring knowledge, testing hypotheses, and un-

derstanding complex systems—that one can learn through games.

NESTA Futurelab in the United Kingdom has done some extensive work

summarizing research in games in education. In the 2004 report Literature

Review in Games and Learning, Kirriemuir and McFarlane point to a suite of

valuable skills developed through game play that include:

n Strategic thinking

n Planning
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n Communication

n Application of numbers

n Negotiating skills

n Group decision making

n Data handling

This may lead one to the conclusion that all games are educational. And

while this statement may in many ways be true, as evidenced by the work

mentioned above, it doesn’t get you in the door of a classroom. You can

present a game (or call it anything you want) to a group of educators, as I

have many times, and tell them that by using this game students will im-

prove their skills in analysis, systems understanding, problem solving, and

scientific methodology, and that these skills are lasting and important. An

increasing number of educators would readily agree with the value of this

approach. They would also all tell you that they’d love to use it if they

had the time, which they most definitely do not. With the increased

demands of standards and standardized testing, as well as the growing syl-

labus and shrinking class-period length, they just don’t have the time to

teach all of these valuable skills. What they need is content, materials that

are directly subject-matter-related, often fact-based, and can be delivered

easily to students.

Content and Process in Games

Many educators lament the ‘‘tyranny of the content,’’ while others secretly

(or overtly) like this clear focus. But regardless of their personal preferences,

they know that they can’t invest any kind of serious time in a pursuit that

does not directly address class content. Teachers are somewhat powerless in

this situation, as they need to play by the rules that have been handed to

them by the state and by NCLB. They don’t, however, necessarily need

new approaches to address the content better than their traditional meth-

ods, but rather can’t reduce time in which they would normally be helping

the students learn content. That is, it may be okay if the new methodology

doesn’t improve content learning, but it can’t make it any worse. If the pro-

cess skills come along for the ride, so much the better, but that alone is not

sufficient.
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That has led us to the pursuit of creating ‘‘content as cover’’; that is,

activities that bring twenty-first-century (FITness) skills into the classroom

under the cover of the content that must also be taught. The content is

what gets us in the door, but it is really just a vehicle to teach all of the pro-

cess skills in a way that meshes with the culture and goals of the learning

organization. This approach is extended to what we stress in the design of

the games themselves, and the way we assess what learners are learning.

For the most part, we just don’t want them to learn the content any worse

than traditional methods, while scoring better on assessments that attempt

to quantify performance of twenty-first-century skills. For learning facts, it

is hard to beat didactic teaching coupled with drill and practice for effi-

ciency. For some complex subject matter, we can actually expect them to

do better using the old methods. But where games shine is in teaching pro-

cess skills that are intrinsic to the game while the students are learning the

content. Through game playing, students learn how to collaborate, solve

problems, collect and analyze data, test hypotheses, and engage in debate.

These skills are built into the course of the game activities, and are assessed

through research. This is the real ‘‘education’’ we are after through games.

We solved the problem mentioned previously, involving the two

teachers, one of whom used games and the other book reports, with the lat-

ter complaining to the principal, by having the two classes take the same

test. The teacher we were working with wanted to show that his students

were doing at least as well on traditional measures as the students doing

book reports. This was easily accomplished through the multiple-choice

tests that came with the textbook. The students in the game-based class

did at least as well on that test, and did much better on the extra questions

that were added to challenge the students to think outside the box.

Such learning exchanges—replacing traditional content with games or

other innovations—are not always straightforward, which creates a prob-

lem in accounting when introducing these innovations. A single day of

game play may not do as well as a single day of didactic instruction. But

two weeks of game play may do as well as (or better than) two weeks of

didactic instruction. An investment often must be made by students in

learning how to learn a particular subject matter. Instead of emphasizing

learning and remembering particular pieces of information in a given sub-

ject matter area, one creates a game that stresses particular expert skills to
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facilitate learning in that subject area. This has been called ‘‘preparation for

future learning’’ (Bransford and Schwartz 1999); in other words, teaching

with a goal of preparing the learner to navigate new content as it comes

along. There are specific paradigms one can employ to prepare learners for

future learning, and it does not mean that one can avoid teaching the con-

tent. But it does mean that the content may not be delivered as quickly in

the short term. New kinds of learning activities take some time to pay off.

Students need to master a set of skills that they can later apply to solve

problems and to acquire new knowledge. In games, one can think of this

preparation in terms of fundamental transferable skills, such as mastery of

game-play controls, mechanics and strategies, and deep domain-specific

concepts that, once mastered, can facilitate future learning.

Jumping back to the case with the game-playing and book-reporting

teachers, the game-playing teacher fretted for some time that his physics

students had fallen behind in their lessons because the book-reporting

teacher was well ahead in week two of three for the unit on mechanics.

The game-playing teacher’s students were preparing themselves for future

learning, however, in those first two weeks. In this unit on mechanics the

game play emphasized core concepts, particularly vectors, which are a new

and confusing concept to many students yet crucial to understanding me-

chanics. Students also had learned how to take responsibility for their own

learning through gaming challenges, and how to experiment with and

learn from physical systems. As a result, in week three the game-playing

students quickly surpassed the other class, having mastered these funda-

mental concepts in the first two weeks. Meanwhile the other class had

only a superficial understanding of mechanics, and depended on the

teacher to provide them with all of their understanding. Without that ini-

tial investment made in the game-playing class, the book-reporting stu-

dents struggled in subsequent lessons.

It is easy enough to look up the word chloroplast on the Internet (you

don’t even have to leave Google to get the answer to the teacher’s

Jeopardy-style question mentioned earlier). Merely being able to answer

such questions will not make a well-trained scientist or even a well-

informed citizen. If you can look up a process on the web or automate it,

it won’t be a job skill for much longer (if it still is). Students need the other

skills we’ve examined to survive in the twenty-first century. This doesn’t

mean they don’t need content as well. If they have to look up everything
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on the Internet, then they’ll struggle too much to form an argument or in-

terrelate ideas. But if we’re going to teach them content, let us teach them

content that they’ll remember, rather than have to test on Friday so they

won’t forget it over the weekend. The deep learning that students do in

games is more likely to persist than the superficial learning they do through

memorization. For now, content is still king, but that doesn’t mean we

can’t continue to use content as cover.
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3 The Aftermath of Math Blaster

Every spring in my general education course we have an interactive session

on educational media. Many of my students choose the topic of educa-

tional games. Over the last several years the top games have included Ore-

gon Trail, Math Blaster, and Number Munchers.

The chosen games are targeted roughly at the middle grades. My under-

graduate students would have been in those grades in the late 1990s or

2000. For those of you who don’t know these games, they were originally

released in the early to mid-1980s, or about fifteen years before my students

played those games (and remembered them as the best of the era).

There are several explanations for why they remembered these particular

educational games. I’ve explored a number of explanations for this phe-

nomenon. My first hypothesis was that schools only have old computers

and so older games are what students had the capability of playing. Schools

certainly have been upgrade-challenged over the years, and the Apple IIs of

the 1980s stayed around in the classroom for much longer than computers

do today. Those computers persisted until the early 1990s, as did this soft-

ware and the five-and-a-quarter-inch floppies it resided on. But the students

in my course had Macs and Pentium PCs in their schools. More impor-

tantly, my students also used these games at home, where most of them

had advanced computers.

I’ve also considered that these games have kept their names but ad-

vanced significantly in design since their original versions. It is true that

there have been several generations of these games. We’re now on the fifth

generation of Oregon Trail, and Math Blaster has surpassed that. Oregon

Trail follows nearly the same game play as the version of twenty or more

years ago. Math Blaster has changed somewhat: instead of showing the

player a math problem to shoot out of the sky (similar to Space Invaders),



the game now has a platform style, in which the player has to jump up and

grab the answer to the math problem that is drawn on the sky (similar to

Mario or Sonic). But the game in most ways is nearly the same as its origi-

nal form—you get to do something fun and game-like by completing a

completely irrelevant math problem.

I also considered that perhaps there have been no other educational

games since the creation of these seminal games in the mid-1980s. While

the market has not thrived since its heyday (which coincided with its

birth), there have been other educational games created in the last twenty

years. I do occasionally have students who select games like The Logical

Journey of the Zoombinis, The Island of Dr. Brain, or The Incredible Ma-

chine. There have not been a lot of other titles, and I’ll revisit that point

shortly, but there have been other games. Some of these games in fact

have sold a million copies, and can be found around the world. Yet they

still have not had the success of the others.

The best answer I’ve come up with is that these games were promoted by

teachers and parents alike because it was easy to determine what kids are

learning through them. In Math Blaster or Number Munchers it is readily

apparent that the child or student should be learning addition, subtraction,

and division. There are problems on the screen and kids need to solve

them. In fact, Math Blaster’s slogan is ‘‘Mastering the Basics.’’ It does not

pretend to teach anything more challenging or substantial. In Oregon Trail

students learned about a slice of history, even if it was just to the extent

that the ‘‘life of the settlers was hard’’ (in the words of one of my students

in a recent presentation).

Teachers justified the use of this software because it was straightforward

to map their use onto curricular objectives. Many of the titles of this era,

often deemed the ‘‘edutainment era,’’ have been rightfully criticized for

providing ‘‘chocolate covered broccoli’’ (Laurel 2001). That is, these games

don’t provide the player with new kinds of learning, but rather a slightly

easier-to-swallow version of drill-and-practice learning. However tasteless

this entree sounds to adults, to most kids they’d rather have ‘‘chocolate

covered broccoli’’ than plain old broccoli any day (witness the Olsen

Twins’ ‘‘Broccoli and Chocolate’’ song lyrics, ‘‘Now I like brocco-chocoli a

lot. Mom, it really hits the spot.’’). That is why these games succeeded

with kids. Knowing that the other choice was drill and practice without

the totally irrelevant game play, the affinity for these games becomes even
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more apparent. It may be argued that Oregon Trail doesn’t fit this descrip-

tion because it challenged the students to make a series of decisions. But if

you ask kids what they remember from this game, there is one answer that

you inevitably receive: ‘‘shooting buffalo.’’ The rest of the game play is a

notable step ahead of the munching/blasting genre but rarely feels like

a challenge to players.

It is notable that these games were the ‘‘best’’ in their genres. Many

others tried to emulate their success by trying different candy coatings on

other vegetables. Games where you shot things and learned spelling, shot

things and read, shot things and learned history, or even just shot things

and typed (My colleague Henry Jenkins often cites his favorite, The Typing

of the Dead ) proliferated. Many of these failed because they were, in the

words of Jenkins, ‘‘about as educational as a bad game, and as much fun

as a bad lecture.’’

In the educational software catalogs of the 1990s all of these games

would still easily fall into one of the subject matter classes—Social Studies,

Math, Keyboarding, and so on. This is clearly defined content. With the in-

troduction of games like The Incredible Machine, the Dr. Brain series, or

the Zoombinis series this direct mapping was harder to make, and these

games fell in to the category of ‘‘thinking games,’’ which possess many of

the same qualities as the twenty-first-century skills set. In some cases, like

Zoombinis, subject mappings could be provided to teachers to show how

particular math skills were learned through the game, but the connection

was harder to see, for math problems were not formatted as they might be

on a worksheet or in a book. These newer games were really designed to

challenge kids to think in new ways, to apply their current math skills,

and to acquire new ones. While some may argue that even these games

are not open-ended enough, restricting players to particular goals and/or

means, they undoubtedly took a giant leap forward in terms of utilizing

the potential of the gaming medium, and established new game designs

and linkages with learning that were not previously possible in the pre-

computer era. The game play and learning cannot be separated in these

games, for the problem solving the players must do is also what they are

learning.

The fact that these games were not overtly about content, requiring the

teacher to make that connection, made them less likely to be promoted by

teachers. During the heyday of these games in the early 1990s, Barbara
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Means (1994) wrote: ‘‘Although less expensive microcomputer-based explo-

ration programs, such as SimCity or Where in the World Is Carmen San-

diego?, are available, an exploration program is seldom a good patch to a

particular classroom’s core curriculum and, hence, tend to be regarded

as ‘enrichment’. As a result, technologies that help students explore

various areas tend to have limited impact on students’ core educational

experiences.’’

Connecting such games to the curriculum of high school, where classes

are rigidly segmented around content areas, is even more problematic.

Where in-class time is at a premium, it is difficult for teachers to justify in-

terdisciplinary or transdisciplinary activities that were in ‘‘thinking skill’’

games.

Around this same time, in the late 1990s, the Internet was also being

introduced to schools. Now, for the first time, there was competition for

the computer room at the school. Teachers had to sign up weeks in ad-

vance for their class to have a single day with computers. They couldn’t af-

ford to waste that time on ‘‘thinking games’’ when there was so much

content on the Internet to be learned.

The final nail in the coffin of learning games was the No Child Left Be-

hind Act of 2001. This sealed the tyrannical reign of content and brought

along with it the specter of assessment. Now teachers not only needed to

think about addressing a very broad range of skills for students, but also

needed to consider the way in which they’d be assessed. The assessments

were in the drill-and-practice style of Math Blasters (though perhaps with-

out so much blasting). Efficiency of content delivery and matching to

standardized assessment were the respective answers to the tyranny of con-

tent and the specter of assessment. When those are the most important

metrics, learning games have a difficult fit in the school day. So some of

the chocolate covered broccoli games persist, and those that don’t overtly

put content first have come and gone.

The Exceptions

At the secondary school level and beyond, the commercial market for edu-

cational games has essentially been nonexistent since the mid-1990s. After

massive consolidation, takeovers, buybacks, and bankruptcies of game

makers, the market for early childhood games still persists. The remaining
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players include The Learning Company (owned by Riverdeep, which now

owns the Houghton Mifflin publishing company), the maker of Reader

Rabbit series; Knowledge Adventure, the maker of the JumpStart and Math

Blaster series; and Atari Kids (which bought out the Humongous Entertain-

ment line), maker of the Putt Putt and Freddie the Fish lines.

Looking at the product lines from these companies shows two important

things. First, the number of new products that these companies have pro-

duced in the last five years is in the single digits (mostly fleeting tie-ins

to kids’ television programs and movies), and most of the titles are at least

ten years old. Many of the games are still the original software from five

to eight years ago (advertising Mac OS 9 and Windows 95 compatibility),

or minor refreshes (some of which still don’t run on the most current

operating systems). So while these companies are keeping their product

lines alive, they are doing little to update or invest in new ones. Second,

the really successful products are not marketed as games at all but ‘‘learn-

ing systems.’’ These products are targeted at parents with disposable

income and the desire to have their kids ‘‘jumpstart’’ kindergarten by read-

ing early. While there is little, if any, evidence that reading prekindergarten

has any correlation with later success, it is a marketing strategy that has

worked.

There is one company that I have left off the list, which has emerged as

an educational games powerhouse in the twenty-first century—Leapfrog.

Leapfrog started not as a software company, but as an educational toy com-

pany. Leapfrog’s huge breakthrough product was the LeapPad, which

combined an interactive physical book with a cartridge, and created

‘‘paper-based multimedia.’’ Kids could click on parts of the book and have

words read aloud to them, or play simple games using the book. The system

has sold phenomenally, and has sustained the company since 1999. Leap-

frog later entered the slightly more traditional educational games space

with the introduction of the Leapster, an educational handheld gaming

system targeted at four- to eight-year-olds in 2003. The Leapster brought

classic edutainment to the small screen. Most of the games were essentially

simple interactive arcade games from the previous decade updated with

educational content. Kids liked them and played them and parents felt

good about it since they were learning something. Together these products

created a whole ‘‘green’’ (Leapfrog’s signature color) section of the toy

store, signifying that these toys are good for you too.
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Fun and games have managed to survive in products for the preteen set

primarily because parents are buying toys for kids of this age anyway, and

they feel a bit better about it if the toys they buy are ‘‘green’’ and educa-

tional. As kids get older their parents no longer buy toys for them (nor do

kids of that age have interest in their parents buying toys for them). Per-

haps more importantly, there is a broader and more latent view that as stu-

dents get older, learning is serious and should not be combined with fun.

While I am loath to cite the Wikipedia as a basis for fact, I will cite it as a

source of opinion. Under the entry for educational game, there is a descrip-

tion of some games for younger kids and a statement that ‘‘past the mid-

teens, subjects become so complex (e.g., calculus) that teaching via a game

is impractical.’’

The Rise of Serious Games

The resurgence of educational games is due, at least in part, to the rise in

the ‘‘serious games’’ movement. Serious games may be differentiated from

educational games by their focus on the post-secondary market, particu-

larly outside of formal education altogether (also referred to as ‘‘training’’

for particular applied tasks as opposed to ‘‘education,’’ which is thought of

more theoretically). Serious games have put aside the notion that beyond

the teen years subjects are too complicated to learn through games. While

serious games has become a term attached to any work in the games-for-

training space, it owes its origins to the Woodrow Wilson International

Center for Scholars, where David Rejeski and co-director Ben Sawyer started

the initiative.

The primary consumer and producer of serious games is the United States

military. The military landscape has changed along with the economic one.

Military personnel need to be prepared to enter a variety of environments,

cultures, and situations. They must to be able to understand their sur-

roundings, communicate with familiar and unfamiliar teammates, use new

technologies, and make split-second decisions. This requires a new type of

training and games have been a welcome addition to the training arsenal

of the military.

Among the most well known of the serious games are two games com-

missioned by the U.S. Army, which were released to the public. The first,

Full Spectrum Warrior released in 2004, is a tactical battle game developed
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by Pandemic Studios. It was originally developed for military consumption

but was later released to the general public on a number of PC and console

platforms. Full Spectrum Warrior generated a controversy over whether the

project was worth the investment the military made in the product. Alleg-

edly the graphical realism was insufficient to train personnel. In brief, peo-

ple questioned the ability of the game to actually train soldiers as opposed

to merely entertaining them and the general public. What is interesting

about this controversy, in the context of this book, is that it centers on

the learning outcomes of the game. In the end the metrics for measure-

ment were not adequate to determine whether or not it met its objectives.

The other great public military investment in serious games was Amer-

ica’s Army, released in 2002. America’s Army is a tactical shooter game tar-

geted at recruiting personnel for the U.S. Army. The objective, as much as

the content, has caused quite a bit of controversy over the years since its

release (and rerelease in version 2.0). While the army has clearly felt the

game met its recruitment goals (as evidenced by the contracting of version

2), it cannot provide concrete evidence of the game meeting its goals. There

has been analysis of the number of recruits who have played the game, but

without controls it is hard to measure the exact impact of the game. There-

fore the success of this project is impossible to measure.

Many other military-oriented games have been commissioned more

recently, and the U.S. military is inevitably the largest presence at the Se-

rious Games Summits that have met since this movement’s inception in

2002. One could argue that this is merely a match of convenience, that

the military has capitalized on this medium simply because the medium is

most well known for games with shooting at the center of the game

dynamics. In fact, the connection is much more significant than that. The

military needs motivational tools that can teach complex interactions in a

way that will be easy to transfer to real scenarios. Games fit that description

perfectly, and it is for those reasons that games can have a much wider ap-

plication outside of the military space.

While the military may still be the driving force in the serious games

movement, games have taken hold in many other disciplines as well. The

Serious Games Initiative itself has spawned two sister initiatives, one in

health-related games (for medical and public health training), and another

in games for social change. One of the earlier serious games projects was

Virtual U, a game about administration in higher education. The serious
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games movement is growing rapidly, with new conferences, organizations,

websites, and companies dedicated to this method of training every day.

This rapid growth can be attributed to a combination of improved under-

standing of the power of this medium, along with a changing workplace

that constantly demands new skills. As industries change and new person-

nel stream across them, businesses must find ways to train a large portion

of their workforces. The skills with which someone enters a job have a fi-

nite lifetime and will need to be upgraded in time. Sometimes this is train-

ing to address new technologies, but it may also be due to changing roles

and relationships because of shifts that technology has enabled. Regardless,

the training needs are rapidly growing.

For the same reason the military has embraced this medium—to enlist

motivational tools that can teach complex interactions in a way that will

be easy to transfer to real scenarios—businesses too find value. Currently

nearly every industry is at least exploring the use of serious games in train-

ing personnel, whether on the job or in preparation for careers.

Seriously Educational Games

Meanwhile educational games have had a resurgence, though without the

significant funding that serious games have brought with them. The focus

of this second coming of educational games is on creating games that draw

upon the best of what modern video games have to offer, tightly linking

this to the educational outcomes they are intended to deliver. The game

play and the learning need to be inseparable. Today’s educational game

cannot be layered like chocolate covered broccoli, but rather must be one

thoroughly mixed, tasty, and nutritional treat.

Henry Jenkins started the Microsoft Research-funded Games to Teach ini-

tiative, which I later joined and morphed into The Education Arcade.

Through this initiative we have designed games spanning just about every

grade level and discipline, and we have created games in physics, history,

environmental science, government, literature, math, and writing—to

name a few. Similar organizations have sprouted up at universities around

the country, sparked by the renewed recognition of the field, and fueled

with some resources coming from the U.S. government to explore the

impact of games on education. Academia has led the way, since higher

learning institutions don’t necessarily need to figure out the economic sus-
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tainability before developing products. There have, however, been com-

mercial ventures reentering the space as well. I have followed the tales of

Muzzy Lane software, makers of the history game Making History, which

has sold at both the secondary and collegiate levels. Other products are

starting to come in other disciplines as companies begin to figure out the

market. When companies start to see the changing market, a clientele that

is steeped in games, and a set of skills to be developed that closely match

with the medium, these ventures will increase dramatically.

Educational games are beginning to grab even more attention as a result

of the 2006 report published by the Federation of American Scientists

(FAS). The report, which resulted from a meeting of experts held in the fall

of 2005, calls for greater resources for research and development in the edu-

cational games space. The FAS identifies several key reasons why games

should play a more predominant role in education that echo many of the

arguments from the serious games space—mastery of applicable skills such

as problem solving and decision making, suitability for practice in ways

that provide valuable feedback to the instructor and learner, and the fit

with today’s ‘‘digital natives.’’ At the same time, the FAS points out barriers

to advancement in educational games that inhibit their development and

use, many of which focus on the marketplace, such as the high cost of de-

velopment and the dominance of conservative textbook companies in the

education industry. Other barriers include access to technology in schools

and the mismatch of important learned skills and traditional assessments.

While the report does not necessarily offer new advice to those in the in-

dustry, it has served to catalyze interest in a broader audience.

This research and development in the United States is just one com-

ponent of a worldwide exploration of games in learning in countries

including Japan, Korea, the United Kingdom, Singapore, Canada, Sweden,

Denmark, and many others. Perhaps the largest educational games initia-

tive is taking place in the United Kingdom as a collaboration between

NESTA Futurelab, Electronic Arts, Microsoft, and Take-Two studying the

impact of commercial off-the-shelf games on learning in students across

the UK (Sandford et al. 2006).

The Next Generation

So what does this mean for the next generation of learning games? With

the latest advances in genetic engineering can we accomplish something
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like making broccoli that kids actually love to eat (or similarly chocolate

with the nutritional benefits of broccoli)? That is, can we make great learn-

ing games that are both engaging and rich with learning opportunities?

There are certainly challenges that we must meet in respecting the content

and assessment needs of present-day classrooms, while integrating chal-

lenging and open-ended game play that provides deep learning. We do

face technical and design challenges on how to make these work. But the

biggest problem may be the legacy that the games already discussed have

left behind. From the perspective of games publishers this market is dead.

It died in the 1990s with all of the ‘‘as much fun as a bad lecture’’ blaster

clones and hard-to-classify ‘‘thinking games.’’ Too few games succeeded in

that era, and the publishers are stuck thinking about that time. From the

perspective of consumers, many of today’s parents and teachers are stuck

with the edutainment model of the 1980s. They fail to see the power of

the medium because they haven’t witnessed it themselves. If all the me-

dium has to offer is Reading Muncher 2006, why should they bother? The

biggest challenge educational games face is putting the aftermath of Math

Blaster aside and moving on. Here we go . . . .
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4 Great Moments in Mobile and Handheld Games

One of the most famous (and my most trusted) news sources has a motto

for its handheld edition: ‘‘The Onion just got smaller and harder to read.’’

Recreating (or porting) big-screen titles on small screens misses the point of

handhelds. Designing good applications for handhelds and mobiles requires

taking advantage of the platform and the context in which these games are

used. In recent years most of the games that we’ve seen on mobile plat-

forms have been ports of games from their big-screen counterparts (either

on PCs or consoles). This is the strategy that Sony chose for its high-

powered PSP handheld, evidenced by the top-selling titles for this platform.

A recent look at the twenty-five top-selling PSP games on Amazon showed

that twenty of the twenty-five are ports of big-screen games. The PSP has

a single high-resolution screen with a traditional D-pad controller and a

high-powered processor. The games look great, but there aren’t a lot of

platform-specific features that demand innovation (though some of the ad

hoc multiplayer features via Wi-Fi are an exception). The PSP’s lackluster

sales can likely be attributed to this lack of innovation.

In contrast, we can look to the Nintendo DS, a dual-screen (one touch-

sensitive, the other traditional) design with D-pad, touch screen and stylus

controls. Its design has spawned a host of new titles. On Amazon one re-

cent week only twelve of the twenty-five top titles are ports of big-screen

titles (and Electronic Arts’ (EA) yearly Madden update recently launched).

The differences are even more dramatic if we look across cultures to Japan,

the home of both Nintendo and Sony. This week all of the ten top-selling

console titles were for the Nintendo DS platform. That includes titles for

PlayStation (1 and 2) and the Xbox (360). Clearly there is both innovation

on the design side and demand for these titles. And the sales of this plat-

form reflect the innovation and design. Nintendo sold thirty-seven million



units of Nintendo DS in the two-year period from 2005 to 2006, a rate

approaching one unit per second.

The Dawn of Handheld Gaming

Let’s step back a few years to 1977, the beginning of handheld game de-

sign, when Mattel released its first popular handheld game, known simply

as Football. It was a very simple version in which you could run the ball

forward (similar to the range of strategies employed by many middle school

football teams). Your only options were to move three spaces laterally and

forward nine yards (the game was later known as Football I when Football

II came out with the advanced features of being able to run backwards, to

pass, and to advance a full ten yards). The screen itself was a fairly primitive

display with an array of red LEDs. There was no kicking, or field goals or

penalties, or end-zone taunts.

Figure 4.1

Photo of Mattel Electronics’ Football, courtesy of Rik Morgan of hwww

.handheldmuseum.comi.
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If the game play seems limited, it was. In fact you only played offense,

and the computer always played defense. Perhaps this was due to limita-

tions in the AI that one could put onto a device at the time. So how does

one make football exciting when you can only play offense? Mattel’s an-

swer was that the game had to be played with two players, alternating

which player was on offense. One person would play offense until either

he didn’t make first down or scored a touchdown, and then the other

player would take over in a similar style.

This meant that you could practice by yourself playing both offenses and

trying to run up the score as high as possible, but the real fun and chal-

lenge came when you played an opponent. Since you only played on

offense, one could only sit and watch as your opponent played. While wait-

ing you could cheer, taunt, distract, or even observe your opponent to try

to gain strategies. The minimalist design (albeit from technological limita-

tion more than thoughtful design) left room for a lot of off-computer inter-

action. I recall sitting on the back of the bus on long school field trips with

many of my friends gathered around as we had Football (and later Basket-

ball, Baseball, and Soccer, which all looked and played surprisingly simi-

larly) competitions with each other. When no one was paying attention

you might have been able to play for a few minutes, but when friends

were around you could play for hours. The one thing that might keep

someone playing alone for more than a few minutes would be the hope

that later they would be able to show off their skills to friends.

Years later (nearly twenty-five to be exact) Mattel re-released a few of

these games in ‘‘classic’’ versions. I was on an airplane and saw the flight

attendant take a time-out playing Football. When he saw me looking over

his shoulder he immediately challenged me to a game. While I didn’t know

this person at all, the old Football skills came right back and there was a

mix of competition and nostalgia. It wasn’t really about the game. I had

games on my handheld sitting in the seatback pocket that were almost ob-

jectively better than Football in every conceivable way. They had better

graphics, more choices to make, greater realism, faster responses, and supe-

rior controls. Yet, the tiny red LED lights of Football I were surprisingly

compelling.

The fact is that it wasn’t really about the game, it was about what

the game facilitated. The fact that the game was so spartan meant that

the experience centered on the person-to-person interaction instead of the
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game-to-person interaction. The game simply provided us with some arti-

fact to interact around. If we examine this interaction in an activity theory

framework (Engeström 1987, 1993; Kuutti 1996), we look at the ‘‘activity’’

as incorporating not just the single player and the computer, even though

that is the limit of direct interactions that affect the quantitative outcome

of the game. Instead we view the activity as incorporating both players

and the evolving negotiated set of goals that they create. In this particular

interaction between myself and the flight attendant, we negotiated an out-

come where we both tried reasonably hard, but limited taunting and nei-

ther of us got beaten too badly. This was quite different from the activities

conducted on the bus in my younger years, where the gaming not only

included the two players currently playing, but many other friends who

were looking on and participating in a variety of ways from ‘‘getting dibs

on the winner’’ to encouraging or discouraging the current players.

This illustrates one of the key lessons of handheld design: Handheld

games are social—despite the small screen they are meant to be played in

public with friends. The design principle (whether intentional or not) of

using handhelds to design ‘‘activities’’ that extend beyond the screen has

been one of the most successful formulas for handheld games. While hand-

held games have evolved significantly, this lesson holds true, and the in-

dustry comes back to this theme more heavily after ignoring this for a

while. Its relevance to both game design and learning will be seen later.

The Portable Console Emerges

Mattel continued to dominate the handheld market in the late 1970s and

into the 1980s with dozens of variations on the LED sports game theme.

The minimalist design leading to interesting activities helped fuel the suc-

cess of this platform, as did the lack of competition in the market.

The fall of Mattel’s line came at the hands of Nintendo. The rest of the

1980s were dominated by Nintendo’s Game & Watch (it’s a game and a

watch!) line of LCD-based games. The advent of the LCD screen made it

possible to create an ecology of games with a greater diversity, at least in

terms of the looks of the games. Sports games continued to develop and

puzzle games entered the scene. One interesting innovation that the later

models of the Game & Watch series offered were dual-screen models, such

as the Zelda game series that offered two screens of information delivered to
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the player. In this context, the second screen was as much an innovation of

necessity, given the very limited information the fixed monochromatic

LCD screens could provide, as it was creative design. Nintendo would

revisit this design years later.

But the big advance here was the porting of arcade games to the small

screen. Many of the titles were ported from Nintendo’s arcade and console

games including the Zelda and Mario series. While the tiny versions hardly

replicated the experience of the arcade or full-sized consoles that were

introduced later, the characters were the same, as were many of the objec-

tives. This enabled cross-platform marketing, if not cross-platform game

play.

While the console/arcade to handheld porting sustained the Game &

Watch line for a number of years, more importantly this experience

enabled Nintendo to go on and create the Game Boy in 1989, the first

handheld console. Game Boy (whose progeny still live on today) was a

black-and-white LCD handheld console that shipped with a little game

called Tetris. There were many innovations that Game Boy offered, but I’d

Figure 4.2

Photo of Game & Watch’s Juggler game, Wikipedia, at hhttp://en.wikipedia.org/wiki/

Image:Game_and_watch_Ball.JPGi.
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like to highlight two that are particularly germane to the principles of edu-

cational handheld game development.

The first innovation is the inclusion of Tetris. They didn’t include a

Mario game that would likely only appeal to kids, but rather an addictive

puzzle game that was played by young and old alike. In fact, I got my own

father a Game Boy, which he used somewhat regularly. This likely gives

Tetris the distinction of being the only video game he has ever played.

The combination of the casual nature of Tetris and the handheld platform

enabled the experience of playing a game at the breakfast table, in bed, or

anywhere one might spend a few minutes. As a result, the Game Boy/Tetris

combination appealed to adults, even those with little to no interest in

video games. The small screen and flexibility of playing place made it feel

less socially isolating and awkward. It was at the same time more public

and private. The player is more public in being able to play when there are

nonplayers around; yet there is no big screen that can easily be observed by

Figure 4.3

Photo of the Nintendo Game Boy, at hhttp://en.wikipedia.org/wiki/Image:Gameboy

.jpgi.
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others, making the experience more private (and easier to try and fail, or

simply to try and not be noticed by onlookers).

The second innovation was the clunky Game Boy Link cable. This

allowed two Game Boys to be connected to each other. This feature wasn’t

used (or at least was not heavily promoted) in many games for nearly a de-

cade. However, when the Pokémon craze hit in the late 1990s, the need for

interacting with other people became apparent. Pokémon is a very social

game. The card game centers on competing and trading Pokémon charac-

ters with others. It is a collecting game. Holding true to the Pokémon style

of game play, the link system allowed two players to connect their Game

Boys together via a cable to trade Pokémon. The particulars of how this

was done changed over the years, but it always involved players having to

physically connect their machines, and then interact with each other as

they conducted trade. Thus, social interactions explicitly entered into the

game dynamics. One might describe the activity here as not only the single

instance of trade (social) and game play (solitary), but also as the whole

suite of interaction, preparation, collection, collaboration, and competition

that players would go through over weeks, months, or years.

The social component of game play on handhelds is a critical innovation

in the context of educational applications for a number of reasons. A strong

social component for handheld games:

n Allows the game designer to create a flexible and ever-changing complex

game dynamic without needing to specifically program all of the behavior into

the games. This reduces cost and promotes customization.

n Promotes the ability to adapt games to a number of different styles such as

collaborative or competitive, or a hybrid of the two.

n Provides the opportunity for players to learn from and teach each other. It

creates a culture around the game where supporting each other’s learning

about the game itself is valued.

n Creates a situation in which players learn specialized communication.

Players need to be able to speak with each other, listen to each other, and

even write to each other about the games.

n Produces a social dynamic in which players need to construct arguments,

and strategize with and against other players. These skills are in line with the

higher-order thinking skills we are trying to promote.
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There is an extensive literature on computer-supported collaborative

learning (e.g., Strijbos, Kirschner, and Martens 2004), which also sug-

gests that activities in which computers act as the intermediary between

learners can be quite effective in fostering learning for many of these same

reasons.

The Game Boy Successor

For many years the Game Boy reigned supreme. Many other handheld con-

soles came and went from companies such as Atari and Sega. The Game

Boy itself evolved over time, acquiring get a color screen, and appearing in

ever smaller models. In total the number of Game Boy variant units sold is

in the hundreds of millions. But the game-play experience changed little

over the life of that line (which still lives on today).

Nintendo finally dethroned the Game Boy with its own Nintendo DS,

which was released in 2004. Despite the release of the more powerful (in

specs) Sony PSP months later, the DS has been the dominant handheld

console since shortly after its arrival when it overtook the Game Boy in

sales. The DS brought back the two screens of the Game & Watch models,

enabling one of the screens with touch sensitivity. Also included with the

DS were ad hoc wireless networking, a microphone, and a lineup of games

designed to take advantage of the platform.

My own experiences with Nintendo DS demonstrate some of the unique

aspects of the platform, including technical features and design, as well as

how these interface with the portability of the model. Like many ‘‘older’’

gamers (often defined as anyone over twenty-one) I don’t get as much

time as I’d like to play games. The majority of my opportunities come

when I’m traveling, which happens fairly frequently. On one of my trips I

had recently purchased the game Into the Blue, a DS game in which you

play characters marooned on an island trying to survive. Into the Blue

actively includes all of the controls on the DS. You need to dig in the sand

using the touch-sensitive screen, move your character with the four-way di-

rectional keys (D-pad), and start a fire by rubbing a stick on rocks with the

Left and Right keys in the back of the unit. Upon starting my first fire I was

told to ‘‘blow’’ to keep the fire going. I looked for the ‘‘blow’’ button in

vain and my fires died again and again. Then it occurred to me—was I re-

ally supposed to physically blow on the screen? How would it know that I
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was blowing? I looked around the plane and found that most of the people

around me were sleeping, and no flight attendants were nearby with whom

I would raise suspicion. So I blew on the DS. The flames flared on the

screen, but I needed to keep blowing to keep them going. After a significant

effort in the thin air I got the fire going, and I felt triumphant. The triumph

was as much for my success in the game as it was for performing what must

have looked like a ridiculous act in public. In the wrong context this could

be an inhibition. But in the right context, with friends around, these phys-

ical actions fill nearby people in on what is going on in the game, drawing

them into the story and the activity.

Figure 4.4

Photo of a Nintendo DS, at hhttp://en.wikipedia.org/wiki/Image:NintendoDS_Warm

.jpgi.
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Some months later on another flight I got to play my new game Brain

Age (discussed in greater detail in the next chapter). One of the tasks in

Brain Age is to say the name of a color on the screen out loud and the

game will recognize what you say. I knew what I had to do here, and fortu-

nately this time the people around me were not sleeping, as I didn’t want

to wake them since I talk pretty loudly. The game began and I chickened

out at first. My fear of negatively affecting my brain age got the better of

me in the end, and I went ahead and called out the colors as they were

written on the screen. While it felt somewhat strange, I doubt if I was any

more annoying than the people who chat on their cell phones just before

take off and just after landing. I did get a few looks this time, though most

of them were inquisitive.

The market for the DS is quite broad. It appeals to young and old alike.

The young segment of the market is highly competitive and relatively easy

to attract, but the older segment of the DS market has traditionally been

outside of the gaming market generally. A recent study by the marketing

group Parks Associates identified a number of interesting categories of

gamers, which suggests that the game market is missing the majority of

gamers, and this is where the handheld market succeeds.

Power gamers, who are traditionally identified as ‘‘gamers,’’ represent

only 11 percent of households (though they spend 30 percent of the

money on games). Dormant gamers represent the largest category, accord-

ing to Parks Associates’ study, at 26 percent of households. Dormant

gamers are older and lack much time to play games due to other obliga-

tions. However, they enjoy rich, complex games when they can find the

time to play them. Other categories such as leisure gamers, who play casual

games, and social gamers, who play games with other people, also make up

larger percentages than the power gamers, at 14 and 13 percent respec-

tively. Both sets of these players tend to play games when they are quick,

interesting, and social. This has been a missed market, and one that the

DS has capitalized on.

Similarly, educational games need to appeal to more than just the power

gamers. They need to appeal to a broad array of learners of different ages,

expertise, background, and game-play experience. The Parks Associates

study shows that there is a strong demand for games from many more cat-

egories of people, and if we want educational games to succeed we would

do well to think about these broader market segments in creating them.
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Virtual Responsibility

Another breakout success on the Nintendo DS was Nintendogs. Nintendogs

extends the virtual pets phenomenon, most directly attributable to the

Tamagotchi lineage. The Tamagotchi in and of itself is worthy of mention-

ing in the context of innovation in mobile games. The Tamagotchi, a small

egg-shaped game with a small, simple LCD screen first appeared in 1997.

Shortly after you turn on your Tamagotchi for the first time the egg hatches

and you have a virtual pet that you need to tend to. Your pet requires food,

exercise, changing, and of course attention. As the Tamagotchi owner you

provide these requisites to your pet via a few simple buttons on the front of

the screen. Much like real pets, the Tamagotchi require care throughout the

day. Consequently game play was designed to happen ubiquitously in time

and space. Players bring their Tamagotchis with them everywhere, and pro-

vide their pets with that click they desired when they needed to be fed or

changed.

Tamagotchi’s ubiquitous play was a notable innovation. It was of course

noted by many teachers who confiscated the games as they beeped and dis-

tracted ubiquitously as well (later versions allowed the games to be paused,

Figure 4.5

Photo of a Tamagotchi, at hhttp://en.wikipedia.org/wiki/Image:Tamagotchi_0124

_ubt.jpegi.
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avoiding this problem). More importantly Tamagotchi demonstrated the

design of a game that could be played casually (you only played for a few

minutes at a time at most) while also offering an extended and deep game-

play experience, as people developed attachments to their pets, and corre-

spondingly complex strategies for keeping them alive and well.

As much as the Tamagotchi is notable for its style of game play, it is most

notable for crossing the gender divide and creating a handheld game that

was widely appealing to girls. Perhaps partially due to the style of game

play, the physical aesthetic of the device, and the purposeful design around

nurturing, the Tamagotchi was quite successful in the female market.

The Tamagotchi itself has evolved through several generations, though

the design has held true to the original a decade ago. New features add

slightly greater complexity, such as mini-games that offer some solitary en-

joyment, and infrared ports that allow Tamagotchis to interact with other

Tamagotchis in competition and just for friendly visits.

Nintendogs capitalized on the Tamagotchi design, and its appeal to

females to break the gender barrier on handheld consoles. The basics of car-

ing for your Nintendog (available in a variety of breeds) are the same as for

many other virtual pets—feeding, walking, cleaning up after it, and so on.

But you can also pet your Nintendog using a touch-sensitive Nintendo DS

screen to make your pet happy, and even shout commands at your Ninten-

dog using the mic in the DS. These design features make the interaction

with your Nintendog more natural and remove the controller barrier that

keeps many nongamers from using games. Nintendogs also extended the

social component of owning a virtual pet by creating a game mode called

‘‘barking mode.’’ In barking mode even when you were just carting your

DS around, your Nintendog would ‘‘bark’’ by sending out signals from

the built-in Wi-Fi. If another Nintendog was in range it could respond

and record the interaction. When you later turned your DS back on you

could find out that your dog had a play date while you were out walking

about.

Barking mode demonstrated the potential of adding value from the mo-

bility of handheld consoles. While the traditional design of multiplayer

games has focused on intensive long-term interaction, this design did ex-

actly the opposite. Interactions are short in duration, and for the most

part unintentional. Yet, they are still important.
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The Mobile Console Almost Everyone Has

I was visiting a game studio recently where I got a glimpse at a new take on

virtual pets on a mobile platform. The game, Mo-Pets, is produced by

Floodgate Studios. Like many other implementations of virtual pets, Mo-

Pets requires the player to tend to their pet, including the popular petting

introduced by Nintendogs. At the same time Mo-Pets introduced some

novel elements of game play through competition. In Mo-Pets you not

only keep your pet healthy, but also train it for competitive show by

grooming the pet and teaching it tricks. The player can then enter the pet

in competitions by region as determined by the player’s zip code. Based

upon the training of other Mo-Pets in your area you can progress up the

competitive ladder. While there is no real-time competition, players indi-

rectly interact through these regional competitions.

What enables Mo-Pets to provide these regional competitions is the

fact that Mo-Pets is always connected to the Internet and can rely on

connection with a server to facilitate the competitions. This is because

Mo-Pets is installed on what many have described as the most widely

adopted mobile console in the world—the cell phone. According to many

reports, cell phone games are poised to become the biggest platform in

the coming years. A much publicized industry report by Juniper Research

(Gibson 2006) claims that the industry will grow to over $10.9 billion by

2009, and nearly double again within a few years after that. While nearly

40 percent of that market is projected to be in Asia, there is still a respect-

able roughly 30 percent in Europe and more than 20 percent in North

America.

These projections are based on several market factors, including the sales

of nearly one billion cell phones annually (Gartner, Inc. 2005) worldwide,

and the rapid growth in the cell phone games market with nontraditional

gamers—including older gamers (here defined as over twenty-five) and

women. Cell phones seem to be the perfect casual gaming platform. People

carry them around ubiquitously, processor power and screen resolution are

increasing, they are connected to networks constantly and they are always

on. This enables players to game for just a few minutes while waiting in

line, traveling by mass transit (hopefully not while driving in a car, though

I have seen this), or walking down the street. The design of most cell phone
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games fits this market. The top-selling games are often variants of Tetris,

Bejewelled, or solitaire. But with the growth in market comes innovation.

The cell phone game market is different than other video game markets

in several fundamental ways. First there are hundreds of different cell

phones for which designers must write games. Unlike the console market,

which is highly standardized, or even the PC market, which is somewhat

standardized, the hardware and software support across cell phone models

is highly variable. On my visit to Floodgate I was immediately greeted by

the wall of cell phones, containing hundreds of models lined up by carrier.

In conversations with cell phone studios around the world I have been

quoted somewhere in the range of three hundred to five hundred different

versions of each game that the designers must create for different cell

phones. While technology is improving and newer phones share more

common features, they are still quite variable in screen size, supported

features, built-in languages, and access to hardware. Some of the porting

across platforms is simplified by porting tools and portable technologies

like Flash Lite and Java ( J2ME), but a substantial effort is still required to

get a game onto a significant number of devices.

Second, the distribution model of cell phone games is controlled almost

entirely by a small number of service providers. Unlike games for PCs

which can be downloaded from a number of places, or purchased on phys-

ical media from stores and online, or console games that now have similar

purchasing means, cell phone games are almost exclusively purchased from

each carrier’s ‘‘deck’’ via onscreen menus that take you directly to the car-

rier. The carrier decides which games are sold through its site, and most

importantly where those games are positioned on the site. Because cell

phones are not easy to navigate, most casual users will only select games

that they find on one of the first few screens. Developers try to get their

product on one of those pages, but it is highly competitive and expensive.

Without one of those top slots, sales are difficult. While people can search

on or navigate to a specific game, the player must really want a particular

product to get there.

Unfortunately this carrier-controlled model isn’t conducive to innova-

tion. Carriers want to put games with immediate mass appeal on those top

slots for fear of not selling any games at all. Looking at those decks shows

perennial classics including card games, Tetris, Bejeweled, and a few ported

franchise games like Madden from EA. Despite this inhibition of innova-
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tion, and the lack of standardization, games for cell phones are slowly

innovating and breaking into new spaces. Floodgate, for example, released

one of the few multiplayer games in the United States. Pirates of the Carib-

bean Multiplayer (connected with the Disney movie’s release on DVD) puts

the player in charge of a ship sailing the Caribbean in search of treasure.

While sailing, the player can encounter the ships of other players who are

currently sailing and must engage in battle with them. The game has met

with quite a lot of success in its release, despite two of the problems that

plague the multiplayer cell phone game industry—network latency and

small communities.

Multiplayer games that take place on PCs and increasingly on consoles

are connected to fast networks with latency times (times to get a message

from one player to the other) measured in thousandths or hundredths of a

second. On cell phone networks this latency can reach whole seconds. This

can be a problem if you are playing a game that demands rapid responses,

but it can be worked around (or even become a game-play element)

through clever design. The second problem of small communities is indeed

an issue. When the market for multiplayer cell phone games is limited, the

probability of having a critical mass of players online at any one time may

be quite small. Again developers need to design around this, enabling com-

pelling play both with and without opponents.

Glancing through the International Mobile Gaming Awards list of nomi-

nees for the most innovative mobile games of the year in 2006 shows a

small number of multiplayer (both synchronous and asynchronous) games

hitting the market around the world. IMO: The World of Magic is a popular

massively multiplayer online (MMO) game in Korea, in classic MMO quest

style. The developer, Com2uS, claims that they have developed a solid plat-

form that will facilitate the development of additional MMOs in the future.

Blades of Magic by Fishlabs takes the PC experience one step further with

the introduction of a 3D MMO on a cell phone. Yet another multiplayer

game, Street Duel, included what I think will be an increasingly prevalent

component of cell phone-based multiplayer games—a PC counterpart. As

one way of addressing the issue of critical mass, cell phone games can pro-

vide a PC counterpart allowing players to participate on the go or at their

desks, opening up a much larger community.

This notion of cross-platform gaming has not gone unnoticed by the in-

dustry at large. Microsoft’s Live Anywhere platform is based on the premise
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of gaming crossing over from the PC or XBox to the cell phone. But Live

Anywhere is not about shrinking down XBox titles to cell phone screen

size; instead it is about some participation that suits cell phones on that

platform, and a different mode of participation on an XBox. Live Anywhere

provides the player with a persistent gaming identity that spans PC, XBox,

and mobile platforms taking with it lists of buddies, high scores, and

points. So while the game may not be the same across platforms, the gamer

maintains an identity and artifacts that span multiple platforms.

Additional innovations in cell phone games are starting to take advan-

tage of hardware features. Dance Star is a cell phone take on dancing

games. In most dancing games the player needs to keep pace with music

using keys on the screen. This is a far cry from the full dance pads of the

popular Dance Dance Revolution (DDR) which provides a full gridded

dancing platform that allows players to dance naturally as part of the

game. Building on the DDR motif, Dance Star uses the camera built in to

many cell phones as a means of photographing the player’s feet. The danc-

ing is done by trying to overlap your feet with the feet on the screen. While

the use of the camera can be problematic due to nonstandard software ac-

cess across manufacturers and carriers, it certainly represents one way of

overcoming the limited interface of cell phones.

Locative Games

Going back to the list of innovative games shows another game with an ex-

ceedingly simple interface. The game Triangler challenges players on two

teams to capture each other by enclosing them in triangles consisting of

three players on a single team. There are no keys to use to control your

character in Triangler. Instead you line up with your teammates by physi-

cally moving around. Triangler, developed in Holland, takes advantage of

the GPS information on most cell phones to have players use their actual

locations as a means of game play.

In many ways location seems like the most natural interface for mobile

games. However, its use in mobile games has been quite limited due to the

way that GPS information is provided (or in many cases not provided) to

the software layer in cell phone games. First, the GPS information on most

cell phones is of the type known as Assisted GPS (AGPS). Unlike the GPS

devices in cars or mobile GPS units that receive and interpret signals from
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satellites to independently calculate position, AGPS must use additional

information and processing from a server to determine position. For cell

phones that means that the position information does not directly appear

on the phone but rather must also use services from the cell phone carrier.

Consequently the carrier controls the flow of that information, which

comes at a cost. Secondly, the interface for accessing that information is

variable among cell phones. While it can nearly always provide location in-

formation to the carrier for emergency purposes, it cannot always make it

available to software on the phone. Looking at the location-based services

for carriers or the requirements for location-based games will show a very

restrictive list of devices on which the application will run.

Still, there have been a small number of commercial location-based

games (alternatively called ‘‘pervasive games,’’ ‘‘hybrid reality,’’ or ‘‘aug-

mented reality’’; see chapter 7). The early pioneer in the space was It’s

Alive’s BotFighters game that was played across Northern Europe. In Bot-

Fighters, players entered a medieval playing ground in which they had to

virtually track and shoot each other in battle. They could fire at a distance

knowing the heading and location of their opponent. Tens of thousands of

players in the game’s home country of Sweden, as well as in Russia, China,

and other parts of Europe eventually joined the game. BotFighters had a

surprisingly long run, beginning around 2001 until about 2005. It’s Alive

created other location-based games in the interim period, but as a sign of

the struggle for commercial success in this space. It’s Alive has been incor-

porated into another mobile gaming company specializing in—online

poker.

Other companies have tried to enter the location-based cell phone game

market with varying degrees of success. Given the market dynamics and

software challenges, most of the games have not been very widespread.

The Shroud, many years in the making, is now challenging this space

again. The Shroud is part adventure quest and part sim farming in the style

of Animal Crossing or Harvest Moon. In what should prove to be a highly

immersive experience, The Shroud uses location to establish neighbor-

hoods and home territories in which the player is responsible for farming

and maintenance, but may travel out to visit other neighborhoods and

areas on quests. This interesting mixing of genres, which have appealed to

a broader gaming audience with titles such as the aforementioned Animal

Crossing and Harvest Moon, as well as quest games such as the Zelda series,
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may provide the style of game play necessary to broaden the appeal of

location-based gaming.

Location-Based Research

While developing the commercial space for location-based games has been

a challenge, a number of research laboratories around the world have

been exploring the dynamic space of location-based games. The Mixed

Reality Laboratory, headed by Steven Benford at the University of Notting-

ham in the United Kingdom, has been a pioneer in the field. In collabora-

tion with the performance art group Blast Theory, Benford’s team has

created a series of location-based games using PDAs, cell phones, PCs, and

live actors. ‘‘Can You See Me Now?’’ was the first of these games, followed

by Uncle Roy All Around You. In Uncle Roy players need to find and meet

Uncle Roy within sixty minutes. The players must unravel a series of clues

and follow directions provided to them through the devices, but also

through actors that are currently engaged in the game. Not all of the infor-

mation is trustworthy, however, and players must decide which instruc-

tions to follow.

Other games in this genre include Play Research’s Pirates in which

players use location-aware PDAs to role play as pirates, and Playbe’s Mad

Coutndown in which teams of players track down and defuse a bomb in a

building, also using location-aware PDAs. The advantage of PDAs or cell

phones in this genre of gaming is the ubiquity of the devices. However

they have a trade-off in terms of screen size and the ability to convey vir-

tual information in real space. Another take on location-aware gaming has

been led by Adrian Cheok in Singapore’s Mixed Reality Lab. Instead of

PDAs they have used head-mounted displays and computers to present a

more immersive virtual component to the experience. Human Pacman is

the most famous game coming out of this lab to date. As one might imag-

ine, Human Pacman challenges players to become Pacman, running

around a real space gobbling pellets that are visible in the head-mounted

display, and also trying to avoid ghosts, also only visible through the

head-mounted display.

Location-based mechanics have tremendous untapped potential in the

serious and educational games space. There is no better way to convey to
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players a sense of authenticity in learning games than to have them actu-

ally participating in real space. There are no doubt challenges in creating

such games, pertaining to their scalability and transportability, but those

barriers can be overcome.

Alternate Reality

Games that blur the line between the real and the virtual need not be laden

with technology. An increasingly popular form of gaming, known as alter-

nate reality games (ARGs), use minimal technologies to create an experi-

ence that embeds games directly in player’s lives. ARGs exist right on the

edge between fiction and reality, real space and cyberspace. You can’t de-

fine the playing ‘‘space’’ of an ARG, for it typically exists as a connection

of integrated resources and media that bridge across the real and virtual

world. What does define an ARG is a mystery or puzzle to be solved

and the means, however complicated, to solve that mystery or puzzle,

eventually.

The first widely know ARG is known as The Beast and was launched in

2001 in conjunction with the move AI. It was a subtle launch. In the cred-

its of the movie was one obscure reference to a Sentient Machine Therapist

by the name of Jeanine Salla. Those who Googled this name took the first

step in uncovering the mystery of Evan Chan’s murder. Through a series of

Web sites, phone calls, and real-life events that unfolded over months,

players in this game began to unravel more of this mystery.

Perhaps more interesting than the game itself (and certainly more inter-

esting than the movie) is the emergent community that developed around

this game. Calling themselves Cloudmakers, this group, which totaled

around 7,500 active users (MacGonigal 2003) at its peak, assembled to

help solve the mystery of The Beast. They were quite successful and integral

to the ultimate solution of the mystery.

While there have been quite a few other ARGs since The Beast—

including the failed game Majestic, launched by EA as the first pay-for-

play ARG, which met with an untimely demise around 9/11 when the

distinction between game and reality blurred a little too much. The most

famous ARG is likely I Love Bees, launched by Microsoft to promote their

new game Halo 2. This game, again unfolding through many media, was

Great Moments in Mobile and Handheld Games 51



played by countless players around the world. In fact the game depended

on a massive audience in much of its dynamics. One of the central me-

chanics of the game was the use of payphones around the world located

for the players by GPS coordinates. At defined times clues were revealed if

and only if a specified number of these phones were answered simultane-

ously. This built-in dependence on collaboration also structured collabora-

tion by the players in solving the puzzles throughout the game on Web

sites, wikis, blogs, and discussion forums.

ARGs are not entirely electronic entities. In addition to the many real

players, there are also one or several ‘‘puppetmasters,’’ real people who

monitor the progress of the game and change the course of events based

on the feedback that they gather from the players of the game. The puppet-

masters can adapt to glitches, stumbling blocks, or puzzles that are too

simple.

There is some discussion as to whether ARGs are games or not, accom-

panied by discussion of what the rules of ARGs are. If they are merely puz-

zles to be solved, which tools are legitimate to use and which are out of

bounds? Most of the discussion has indicated that one should not attempt

to ‘‘look behind the curtain’’ of an ARG, but instead play along with it as if

it were real. That is, don’t try to hack the server that is hosting one of the

Web sites for the game, but do look for hidden codes in that Web site. It is

the job of the puppetmaster to keep the ‘‘game’’ as real as possible, thus

never admitting it is a game. But it is similarly the job of the player to

note the bounds of what is a game.

The New York-based company Area Code has tried to push the ARG

genre in new directions with games including PacManhattan, which uses

real players as both ghosts and Pacmen running across the grid streets of

Manhattan, and Plundr, a PC-based, location-based game that taps into a

growing database of location information available from Wi-Fi networks.

Despite the growth of and media attention paid to these ARGs, there has

been little work on them in an educational context. Perhaps because the

so-called ‘‘Big Games’’ require correspondingly large amounts of work to or-

ganize and run, they are not very scalable. But there may be a lot to learn

from their design that can be incorporated in more technologically facili-

tated, location-based games that can be harnessed for education.
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5 What Does an Award-Winning Video Game Look Like?

Images of immersive 3D worlds dance about in your head. So do

multimillion-dollar graphics that took teams of people years to develop,

with budgets that rival movie production costs. They take you to places

you’ve never seen before—perhaps the surface of Mars, and render it in

colors that we don’t see on our planet. There are costumes that push the

envelope of fabrics and rules that push the edge of physics. And of course

weapons that push the limits of decency.

That is what an award winning video game might look like.

Or imagine a massively multiplayer online world in which players from

around the world are controlling medieval and mythical characters. There

are monsters, magicians, and princesses. They move about on massive

landscapes, scattered with castles and cottages built by players. It may

always be daylight, as one of the three suns in this world is always up.

An award-winning video game might also look like that.

And how do such games play out? Perhaps the game is about jumping

over obstacles and ducking under doors to slay your opponents and capture

the bonuses. Or the game could be about coordinating clans of characters

across virtual worlds. Players hoard gold and craft weapons to trade or steal.

They turn over boulders to find magical caches and toil away on their plots

of land to build grand castles. Spells are cast, and battles are fought. Or

maybe the game is about coordinating campaigns of invading armies.

Just as quickly one could spot the characteristics of a video game that is

clearly not of award-winning caliber. Picture a stark graphical interface in

which most of the video game is represented in black-and-white (or four-

color) text, with an occasional appearance by a poorly animated disem-

bodied head that makes Max Headroom look truly modern. And imagine

game play that involves rote tasks like memorizing words, solving simple



math problems, and (at best) trying to say the color of the text of words,

rather than reading the word itself (i.e., the word ‘‘red’’ written in blue

should be said ‘‘blue’’ not ‘‘red’’).

Yet at the 2006 edition of the Edge Awards, which recognize innovations

in video games, it was indeed a game in which counting as fast as you can

in order to measure the age of your brain, called Brain Age, by Nintendo,

which won out as the best video game of the year. Now granted this isn’t

the Academy Awards, or even a video game award that recognizes the

hugely successful commercial titles from the big publishers. But the Edge

is an award that is granted to titles that push the envelope of video games,

and may indicate what is coming down the road.

The success of Nintendo’s Brain Age both at the 2006 Edge Awards and

in sales is notable first for the platform on which it is played. Brain Age is

not played on a TV-based console or a PC, but rather Nintendo’s DS porta-

ble. The DS, as mentioned in the last chapter, is on its way to becoming

Nintendo’s best-selling platform ever (though the novel Wii is also doing

quite well). It doesn’t have flashy graphics, but it is portable and provides

for input via touch screen, stylus, voice, and the usual D-pad. Brain Age

fits well on this platform (though you do have to turn it sideways), allow-

ing for spoken and written tasks. This demonstrates the novelty of design

in mobile game playing. The fact that a mobile game won the Edge Award

(and that there is in fact another separate award for mobile games, reserved

for cell phone-based games) demonstrates that mobile games not only are

on the rise, but also may indeed become the dominant form of video games

in the future.

The second breakthrough is that Brain Age is a distinct departure from

most recent video games. It resembles neither the mass media hits like

Grand Theft Auto or World of Warcraft, or the EA franchises like Madden

or FIFA, or even Nintendo’s popular lines like Mario or Zelda. It is stark. It

is simple. And some would argue it is educational. Equally important, and

perhaps because of these very features, it also appeals to users outside the

typical eighteen- to twenty-five-year-old male video game-playing audi-

ence. Brain Age appeals to baby boomers and the thirty-plus parents who

grew up on video games (and no longer have the time to play them). It

advertises that it can be played in ‘‘minutes a day,’’ something that appeals

to these older and more casual gamers. It also uses input that is more

natural—a stylus and voice, rather than the usual twitch controls like the

four-way D-pad. It can be played on the couch or at a desk (as long as you
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don’t mind people walking in on you while you’re saying ‘‘red, black, yel-

low, red’’), rather than in front of a fixed screen in the living room. And

most importantly, for these busy folks, it is ‘‘educational,’’ justifying some

time spent playing instead of working.

Brain Age doesn’t try to teach you facts about science or history, but in-

stead claims to reduce the age of your brain (to that ideal game-playing age

of twenty, as defined by the game), through exercises that activate unused

portions of your brain. The pitch is very convincing, with pictures of ‘‘low

activity’’ and ‘‘high activity’’ brains. The marketing seems very scientific,

and is supported by the work of Dr. Ryuta Kawashima, a prominent Japa-

nese neuroscientist. And people are buying it, despite some studies that do

not show any marked improvements in cognitive functionality with re-

spect to activities outside of the game.

Brain Age is the staple of Nintendo’s Touch! Generations line of games,

which also includes Big Brain Academy and even Nintendogs. The tag line

on Nintendo’s Touch! Generations Web site is ‘‘You don’t need to know

the rules. Just touch and go.’’ Nintendo emphasizes that these games are

quick, fun, and easy to learn.

The success of Brain Age represents the convergence of two important

ideas—the rise of the mobile platform and the rise of educational gaming.

Educational mobile games are not only the intersection of two small mar-

kets but also a huge growth area at the interface of two of the hottest ideas

in video games. It may be what saves educational games from the after-

math of Math Blaster.

Brain Age got at least part of the recipe (or a recipe) for mobile learning

games right. The game play and learning goals, however, are quite modest.

The brain-training exercises are clever, but have rather limited application.

It is what my colleague Scot Osterweil (codesigner of The Logical Journey of

the Zoombinis) calls ‘‘mental calisthenics.’’ There isn’t a lot of deep, spe-

cific learning in Brain Age, but it feels good to stretch your brain just a bit.

Creating the right recipes for mobile learning games presents a greater

challenge. While the field is quite new, it can draw upon related fields to

define some starter approaches. This includes drawing from the combined

knowledge pools of education, gaming, and mobile devices. Tapping into

the successful strategies of video games, and in particular those of mobile

video games from the last chapter, is one way to bootstrap the creation of

mobile learning games. But we must also look to the learning technologies

literature to identify the successful strategies of classroom technologies,
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and beware of the barriers that many of these technologies have faced in

achieving widespread adoption.

Learning from the Learning Sciences

One of the great challenges of education is the problem of transfer (Brans-

ford, Brown, and Cocking 1999). Transfer is the task of taking knowledge or

skills learned in one context and applying them to another. For example, a

simple transfer might involve students learning addition through word

problems in class later applying that skill in the grocery store to figuring

out how much fruit they have bought if they got two apples and three

oranges. In that case we may expect the knowledge to transfer from the

classroom to the store, as the tasks in the word problems and grocery store

are likely to be quite similar (referred to as near transfer, whereas applica-

tion in a much different context is known as far transfer).

It turns out that people in general are quite bad at transfer (Bransford and

Schwartz 1999). In many cases, people are unable to take what they have

learned in the classroom and even apply it in a slightly different context

within the classroom (e.g., transferring from one type of word problem to

a different type of word problem). Yet there is little value to learning that

can only be applied in its limited initial context. It is highly desirable to

think about ways to apply learning more generally. Designers of educa-

tional materials face this challenge and often try to design strategies that

promote transfer into their curriculum, activities, or technologies. Some

questions that must be answered in seeking to apply games in an educa-

tional space are, ‘‘What is the evidence of transfer from video games?’’ and

‘‘How can we promote greater transfer from games to other tasks?’’

Jim Gee (2003) points out that games are actually quite good at promot-

ing transfer, challenging the players to apply what they have learned in

one part of the game (e.g., safely targeting opponents by shooting around

a corner) in another part of the game. Often skills learned in one game may

even be applied in another (e.g., running between a giant’s legs may be a

good way to escape). Transfer outside of the game to other non-game-

related tasks is harder to identify. But one of my favorite examples of

transfer from within a game to another context comes from the world

of alternate reality games (ARGs as described in the last chapter). The exam-

ple concerns Cloudmakers, the massive group that formed on line to face
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the challenge of The Beast. This example is interesting because it demon-

strates the potential (and the limitations) of transfer of quite abstract and

complex skills.

Shortly after the events of 9/11, Cloudmakers gathered in their tradi-

tional forums to ‘‘solve’’ the mystery behind the tragedy of 9/11—who

were these hijackers and why did they do what they did (McGonigal

2003). They decided that the skills that they had demonstrated and built

during the playing of The Beast—cybersleuthing, puzzle solving, collabora-

tive teamwork, code cracking—could be used to shed some light on these

events as well.

Ultimately the group used some of these skills to decide this new pursuit

was a little nuts and that this solution was better left to the experts. This

scenario introduces one of the problems of learning through authentic

role play—one needs to note the limits of knowledge and expertise. Role

playing a doctor to learn more about genetic diseases can be a powerful de-

sign for learning, but doesn’t qualify the player to actually consult on ge-

netic disorders.

However, this kind of near role play does have a great potential for learn-

ing. Games that are situated in the real world indeed have a firm founda-

tion in a number of powerful learning traditions and sets the bar for new

learning styles demanded in the twenty-first century. We may do a lot to

promote transfer if we can in turn learn from these kinds of games and

learning traditions such as the following:

Collaborative Learning

Games that are situated in the real world with mobile devices may involve

competition, but are often designed around the theme of collaboration,

involving coordination across multiple groups through time to solve prob-

lems. Since they are situated in the real world, players can integrate real

skill sets and appropriate tools that help to solve problems and foster com-

munication (e.g., IM, phone calls, message boards, etc.). Collaboration is

modeled in an authentic way—the problems they are presented with are

large and require multiple people with varied skills.

Problem-Based Learning

Games are often based around challenges or problems. The problem can

vary in how fictional it is—allowing players to bring to bear (or foster the
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development of) knowledge about specific real subject matter. But at a very

minimum, problem-based learning games force players to bring a variety of

skills from reading (of material that must be dissected for clues)

to mathematics (cracking of codes) to cyberskills (navigating the space) to

writing (on forums, blogs, etc.) to bear on the problem.

Situated Learning

Games situated in the real world provide players with the opportunity to

appropriate the tools of their everyday lives to try to solve the problem at

hand. In fact, players may choose to use different tools and media—instant

messaging or email, blogs, or forums—than the game provides to them.

Thus these games draw upon the tradition of situated learning by placing

the game within a context of real tools and techniques that the players are

skilled in and become skilled at using. They are coached along overtly by

the other players, and more subtly by the live-action role players or instruc-

tors who can help guide them through difficult problems.

Computer-Supported Problem Solving

The call for building twenty-first-century skills in today’s students often

takes the form of fostering problem-solving capabilities, supported by the

use of information technologies (National Research Council 1999). Mobile

games are ideally suited to building these kinds of skills. They create moti-

vating environments that engage students in solving problems with the aid

of the real tools of information technologies in communications, data

management, and quantitative manipulation.

Mobile Learning Games Emerge

It can be argued that many of the mobile games mentioned in the last

chapter have positive learning outcomes. People playing these games may

learn problem-solving skills, communications skills, or even quantitative

skills. But the games were not specifically designed for learning, which

makes them, by themselves, poorly suited for formal education. If we look

instead at the space of mobile games (on any platform) that have been

explicitly designed with learning goals in mind, that space is quite small.

One of the first examples that I know of in the mobile learning games

space is Cooties from the Hi-Ce group at the University of Michigan (Solo-
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way et al. 2001). Cooties, based on the work of my former colleague

Vanessa Colella’s virus game played on wearable computers (Colella 2000),

is played on Palms or Pocket PCs in which each player has a character on

the screen (their cootie), which is either sick or healthy. The players go

around and meet each other by beaming each other through infrared and

accumulate lists of the other players with whom they have interacted.

Eventually, some (or most) players get sick and then must determine how

this happened. This general style of play in which the game is a groupwide

simulation in which everyone participates is known as participatory simu-

lation (PSim), and is the basis of chapter 6.

Another participatory simulation named Geney was created at Simon

Fraser University (Mandryk et al. 2001). In Geney players work towards

the goal of creating fish with particular characteristics. They create these

fish by mating fish across their Palms and by trying to understand the un-

derlying genetic basis for each of the traits to accomplish their goal. Both

Cooties and Geney were designed for middle school students.

Several groups have ventured into the educational location-based games

space. Savannah (Facer et al. 2004), a product of NESTA Futurelab and

the Mixed Reality Laboratory at the University of Nottingham, is a game

designed for middle school students to learn about animal behavior.

Players in the game become lions hunting on the Savannah, trying to find

their prey and avoid their enemies. Played on a soccer pitch with handheld

computers, headphones, and a backpack, data from the live game is pro-

jected back onto a computer in the ‘‘den’’ for other people to observe. The

players’ screens provide them with information about their current terri-

tory that they are occupying and the presence of any prey or enemies,

along with the results of encounters. The architecture for Savannah has

been extrapolated and turned into an engine named CreateAScape (a

scaled-down version of the Hewlett Packard produced MediaScapes prod-

uct) for teachers to create their own games.

As part of the Mobilearn initiative Schwabe and Göth (2005) created a

networked location-based game known as MobileGame to orient students

to a new campus. de Souza e Silva and Delacruz (2006) also investigate a

location-based game called Frequency 1550 that taught students about the

history of Amsterdam as they walked the streets of the city. Students

needed to solve puzzles, and collaborate with both their physical peers

and other students who were on line. These studies, like most of the others
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in this space, describe the implementation of the game and then evaluate

satisfaction and usability measures. They stop short of evaluating actual

learning outcomes, which require further refining learning goals, establish-

ing metrics, and scaling the studies to larger numbers.

One controlled study of learning games was conducted on the Skills

Arena game, a simple math game played on the Game Boy platform (Shin,

Norris, and Soloway 2006). Skills Arena is a simple skill-and-practice game

in which students solve math problems. In fact the sense in which it is a

game is somewhat limited to the platform that it is on, the graphics, and

the fact that the player has an avatar (a graphical representation of the

player as a character). But otherwise it is strikingly similar to flash cards,

the control against which it was compared. In this study they found that

playing the Game Boy version (as opposed to the paper flash cards) im-

proved scores of the second graders on standard math tests. They further

found that playing more often was correlated with higher scores, and that

playing on the Game Boy significantly improved attitudes towards math

compared to the flash card group. So while the game play may be minimal,

it still was associated with positive learning and attitudinal outcomes, a

promising result for learning games.

Designing Mobile Learning Games

The rest of this book describes our forays into mobile learning games, out-

lining the principles of design, along with the outcomes of implementing

these designs with a variety of audiences. Chapter 6 describes how mobile

games can adapt to the constraints of classrooms through the use of partic-

ipatory simulations. Chapter 7 shows how the real world can be effectively

mixed with the virtual world in augmented reality games. Chapter 8 fur-

ther explores augmented reality games and how they can effectively be

tied to the geographical locations and assets. Chapter 9 describes the use

of role play and collaboration in mobile games. Chapter 10 details how au-

thentic feedback in mobile games scaffolds learning and game play. Chap-

ter 11 shows how real-world problems and debates can be integrated into

mobile games. Chapter 12 is about mobile games that can be played any-

time and anywhere, such as our game Palmagotchi. Chapter 13 concludes

with some possible future directions for mobile learning games.
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6 Participatory Simulations: Technology Adapting to the

Classroom

Consider the following scenario:

‘‘Okay class, is everyone here? We’re still waiting for two more. We’ll give

them a few more minutes before we leave for the computer room. Okay,

they’re here, let’s go.’’

The students head toward the computer room at the other end of the

school. They arrive but discover the room is locked and unstaffed. Fortu-

nately the teacher across the hall has the key and lets the class in only to

find that the room has been rearranged since the class’s previous visit,

to accommodate more computers, at the cost of access to the white board.

Already eight minutes of a forty-two-minute class have gone by.

‘‘Everyone find a computer and log in with your school ID and

password.’’

This command from the teacher is followed by the usual barrage of

responses from the class:

‘‘I can’t remember my password.’’

‘‘My ID isn’t working.’’

‘‘This computer isn’t on the Internet.’’

‘‘Mine has a blue screen saying some weird stuff.’’

Having become accustomed to the situation, the teacher calmly says, ‘‘If

you’re having trouble getting on to a computer, just pair up with the per-

son next to you. You’ll have to go to see the technology coordinator who

is here on Tuesday and Friday afternoons to recover your password. Please

try to get this done before our next class in the computer lab, which isn’t

for four more weeks, so it shouldn’t be hard to find the time.’’

The students settle down and tax the capabilities of the network as the

computers slowly load student profiles. Thirteen minutes have now gone

by in the class period.



The teacher continues. ‘‘Remember a couple of weeks ago we were talk-

ing about Mendelian genetics? The lab we’ll be doing on the computers

today will use what we learned in those classes. So go to the menu on

your computer, find the science section, and launch the application called

Mendel’s Lab. Then look for the item called Crossing Cats.’’

Slowly the students fumble through menus. Some complain that the ap-

plication isn’t in their menus, and log off and join one of their neighbors.

Finally the applications launch and so do the complaints:

‘‘I don’t see Crossing Cats in my menu,’’ says one student.

The teacher replies, ‘‘Let me see. Shoot, this is version 1.5 and we need

version 2.0. I gave the new version to the tech guy six weeks ago and it

hasn’t made it on.’’

‘‘Fine,’’ the teacher continues, ‘‘we’ll use Dihybrid Dogs instead. Please

disregard the handouts that I gave you and use the on-screen instructions

instead.’’

Finally the class is getting to work, after nineteen minutes into a forty-

two-minute class period. That leaves about eighteen minutes of good work-

ing time, allocating five minutes to shut down computers and get back to

the ‘‘normal’’ classroom. The students work through the activity clicking

in silence, except where students have been forced to double-up on com-

puters, in which case they compete for the mouse to control the pace

of the activity in a way that they can manage. Most of the students get no

more than halfway through the intended assignment and will have to wait

weeks for another opportunity to finish their work in the computer room.

People wonder why technology hasn’t radically changed education.

While there are many roots to that cause, as this scenario illustrates the

bane of the computer room is very high on that list. Most of the computer

lab experiences that I have witnessed are unfortunately very much like the

preceding example. Let’s look at what went wrong here.

The Computer Room

The computer room paradigm is problematic in practice for a number of

reasons:

The computer room is in another place. To use school computers, teachers

typically have to transplant their classes from their home classroom to an-

other place. This means relocation time (which is not trivial in cases when
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periods are often as short as thirty-five minutes). This also means working

in a variable, unfamiliar environment. In this case the room had been rear-

ranged, making it harder to teach the way this teacher wanted to.

Access is irregular. According to the most recent (2005) data from the Na-

tional Center for Educational Statistics (NCES) (2006), the average student-

to-computer ratio in the United States is fewer than four students per

computer. That number may seem like a lot, given that a student could

use a computer one day a week. But when you account for the ‘‘instruc-

tional’’ computers that are distributed one or two at a time in each room

around the school, the number that students actually have access to in a

group situation drops substantially. Classes are likely able to get time once

or twice a month at most in the computer rooms and labs. This introduces

the problem of scheduling. Due to the infrequency and irregularity of time

spent in the computer room, if a teacher wants to do an activity based on a

particular topic in the computer room, available time may not coincide in

time with the coverage of that material in class.

Computer labs are not maintained. Even when teachers get access to labs,

the common computers in these spaces are often poorly maintained and

updated. This results from inadequate technical staff in most schools.

Nearly two-thirds of all schools did not have full-time technical staff in the

2006 NCES survey. The technical staff-to-computer ratio is often a mere 10

percent of what it is in the corporate world (and pay is similarly skewed

very low). So computers cannot be maintained at a reliable level. Often

the only solution that the limited staff can offer is to lock down malfunc-

tioning computers, preventing installation of new and valuable software,

which further reduces the utility of the machines.

Computer labs are not conducive to teaching. Labs are shared spaces, and

typically are designed to cram a large group (thirty or more) of students—

along with with computers, desks, boards, and storage—into a room that

was originally designed to hold a lot less. Students sit at desks facing their

monitors, often along the periphery of the room. It is difficult to walk

about, and hard to see what the students are doing. This unfamiliar space

doesn’t allow teachers to use the skills and modes of teaching that they

are accustomed to deploying in their own classrooms.

Computer labs are not conducive to learning. From the student’s perspec-

tive the computer lab is also suboptimal for learning. It is hard to talk with
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anyone but those on either side of you. Getting up and walking around is

discouraged, since the room is often crowded and not designed to have

more than one person per computer. Students are isolated in the world pro-

vided them by their computer screens instead of being a part of a learning

community.

It is true that to some extent these factors result from the focus on using

cumbersome desktop computers in a computer lab and would be alleviated

by using laptops in the usual classroom. There is some great potential for

laptops in the classroom, and it is likely that years in the future we’ll see

desktops and computer labs fade away in favor of mobile labs or one-to-

one laptop initiatives. However, there are two reasons why I dismiss this so-

lution for now.

First, implementing laptop programs is still expensive (both in acquisi-

tion and maintenance) and impractical for most schools. Laptops, while

approaching the price of desktops, have higher operating costs when one

accounts for security, batteries, carts, and most of all maintenance. So for

now laptops are likely to be out of reach of most school budgets, or at

most they only partially solve the problem by addressing the inconve-

nience of relocating to labs, but not the frequency or maintenance issues

discussed above. Second, and more importantly, is that laptops still put

students and teachers in a different mode of teaching and learning—

computer-based learning. Students are fixed to where their computers are,

and there is an expectation that the computer, not the teacher (or the stu-

dent) becomes the center of the learning activity. It is as much a result of

the design of computer activities themselve as it is the form factor, but

computer based-learning activities involve spending the majority of time

interacting with the computer (or at most others through the computer).

Opportunities for real-world interactions with partners and classmates are

rare. There is more on this point in the following section.

Live Long and Prosper

Let’s peek at another classroom that is doing a computer-based lab on

genetics.

‘‘Okay, class, let’s review your problem sets that you did last night on

Mendelian Genetics,’’ the teacher begins.
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Eight minutes go by as students peer-review one another’s work on paper

and a couple of sample problems are done at the board.

‘‘Good, most of you are doing quite well,’’ the teacher notes. ‘‘But there

are still some misconceptions out there. Today we’re going to be using Live

Long and Prosper, another PDA-based game. Can I have a volunteer to

hand out the Palms?’’

As the Palms are distributed, the teacher continues: ‘‘When you get your

Palm, turn it on and launch Live Long and Prosper. Enter your name and

wait for the class to be ready.’’

Next: ‘‘Your goal in this game is to live as long as possible and reproduce.

Your ability to survive and reproduce is influenced by your genome, so fig-

uring out what the genes stand for is critical in survival. When the game

starts you’ll see that you have a sequence of five genes. Each of the genes

stands for a trait. The shading of the genes (solid, striped, and clear) some-

how stands for homozygous recessive, homozygous dominant, and hetero-

zygous at that position. Your current age (which will continually increase),

generation, and total score are also displayed. Your screen will look some-

thing like this.’’

The teacher projects the image shown in figure 6.1 on the screen.

The teacher’s instructions continue: ‘‘You can mate with other players by

lining up your Palms and having ONE player hit the Mate button. At this

point you will either get a confirmation that the mating was successful or

Figure 6.1

Screen shot of Live Long and Prosper, showing the player’s current genes, age, gener-

ation, and score.
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a message saying that you were unable to mate. If you successfully mate,

each of the parents will disappear and be randomly replaced by one of their

offspring. You can think of these organisms as breeding in discrete genera-

tions. After the parents reproduce once, they die. When you reproduce suc-

cessfully and become one of the offspring, your age will go back to zero,

your generation will increase by one, and your score will increase by what-

ever your age was at the time of reproduction plus a bonus.’’

Furthermore: ‘‘At any point in time you may view the data of your suc-

cessful matings by hitting the Data button. However, at some point you

might die. If this happens you will get a message on the screen, letting

you know you have died. You can view your data one last time here, before

starting a new game with new genes and zero points.’’

The teacher concludes: ‘‘Your goal is to score as many points as possible.

Is everyone ready?’’

One of the students inquires, ‘‘What do the genes mean?’’

And the teacher gives the typical response, ‘‘That is a good question. Are

there any others?’’

None of the other students ask questions, understanding now that

they’re going to have to figure it out for themselves.

‘‘Okay, then let’s begin. Stand up when you’re ready.’’

Figure 6.2

Screen shot of data from Live Long and Prosper, showing results of the previous two

generations of matings. The codes show the genes of each of the parents and the

resulting offspring.
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The students get up, and the teacher gives them instructions to begin. It

is eleven minutes into the class, and they have reviewed problems from the

night before and begun their computer-based activity.

Students move about the classroom. There is ‘‘organized chaos’’ as they

look for partners with whom they can meet. There are frequent comments

from students.

‘‘Oh shoot, I died!!’’

‘‘Is anyone clear in the fourth position? I’m looking for a clear to mate

with.’’

‘‘We can’t mate. You must be sterile. Is there anyone with a lot of stripes

that I can mate with?’’

‘‘I bet if we’re too different we can’t mate. That is why we can’t mate.’’

After ten or fifteen minutes the teacher calls the class back to order and

asks the students to find their seats. Thirty minutes of a forty-five-minute

class have elapsed.

‘‘So who had the highest score?’’ the teacher starts.

‘‘Oh, I forgot about score,’’ replies one student.

‘‘147.’’

‘‘162.’’

‘‘184.’’

No one else responds. The teacher continues: ‘‘Okay, so is 184 our high-

est? So how did you get such a high score?’’

‘‘I mated as quickly as possible,’’ explains the high-scoring student. ‘‘I

also looked for genes that were a lot different than mine. I think that hav-

ing different genes makes you more successful.’’

‘‘Good. Who had 162? What did you do?’’

‘‘I noticed that the first few times I died kind of young. Like around

twelve to fifteen. So I tried to mate before I was twelve. Sometimes that was

hard.’’

‘‘So what did other people observe?’’ the teacher continues.

‘‘Sometimes we couldn’t mate.’’

‘‘We died at different ages.’’

The teacher follows up, ‘‘What ages did you die at?’’

‘‘Thirteen.’’

‘‘Fifty.’’

‘‘Sixty.’’
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‘‘Anything else?’’ the teacher asks again. These comments are all written

down on the board under Observations. The students copy them. ‘‘Why do

you think sometimes you couldn’t mate?’’

‘‘I think it was when we had too many genes that were different from

each other.’’

‘‘No. It was because too many were the same,’’ responds another student.

‘‘I think it was when we were too old. We couldn’t mate if we were too

old.’’

‘‘It was the combination of the ages. If they were too high you couldn’t

mate.’’

A few more hypotheses are made by the students and written down on

the board by the teacher in the Hypotheses column.

‘‘Okay, how can we test these hypotheses?’’ asks the teacher.

‘‘We can analyze the data from our meetings,’’ responds one student.

‘‘What about the times when you can’t mate?’’

‘‘Right,’’ the student continues. ‘‘I guess we’ll need to write those down.’’

‘‘Here is a data sheet. At the top is printed Parent 1, Parent 2, and Result,’’

the teacher says, handing out the forms. ‘‘You can use this sheet to write

down data from all of your matings. We only have five minutes left, so let’s

get up, get into some groups and collect some more data. When the bell

rings you can leave your Palms on the cart, and we’ll pick this up in the sec-

ond half of class tomorrow.’’

Technology IN the Classroom

How was this class fundamentally different from the class conducted in the

computer lab? Or even how a class using laptops might be? What is ob-

vious is that it is different. Time was used differently. The teacher played a

different role in the class. The class experience looked different and felt dif-

ferent. While there are many factors that could make such a difference be-

tween these two hypothetical classes (based on real experiences I’ve had),

there are a number of significant factors in the design and use of the tech-

nologies themselves that dictate these usage patterns. Some key factors

follow:

First, the class took place in the regular classroom. No one needed to move

to another room. The teacher and students were in their normal surround-
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ings. They didn’t waste time going somewhere else, or dealing with the

logistical issues of being in another room. The white board could be used

by the teacher, and the students were able to sit in their usual seats and

even use their textbooks if they chose.

Access can be frequent. A set of Palms for this activity runs less than $100

per unit. Enough for the whole class can be obtained for the cost of a cou-

ple desktop machines. Palms are easy to maintain and use. They can be

rotated around classes on a small cart or bag so that teachers can use them

on their own schedules for part of a class across weeks, or intensively

within a few days.

Computer labs are not maintained. Simple Palms in contrast require almost

no maintenance. There are no security upgrades or gatekeepers to prevent

software installation. They can be entirely reset and reloaded in a matter

of seconds or minutes if need be. They can be rebooted in a few seconds.

Labs are not conducive to teaching/learning. Forget about labs. Palms can be

used wherever the students are. Students can get up and walk around, and

interact with other students. They can form groups as necessary and be

called back to their seats for whole-class discussion or lecture. The flow of

the class is something that the teacher controls, not the technology, and

can be modified to whatever the teacher feels comfortable with.

Technology Adapting to the Classroom

Together, these differences demonstrate one of the fundamental design

principles that we’ve used in designing PDA-based games. The games

should fit into the classroom, and allow a more natural flow of the class.

I’ll call this principle technology adapting to the classroom. It stands in con-

trast to the classroom that needs to adapt to the technology, as was the first

case with the fictitious genetics activities Crossing Cats and Dihybrid Dogs.

When we do our job right, one should see little difference in the behavior

of students or teachers in a classroom using our technology versus a class

doing a very engaging nontechnology-based activity. That doesn’t mean

they won’t be learning new and powerful ideas and concepts, but that the

ways they’ll be doing this are subtly different from longstanding engaging

methods of teaching, learning, and playing. These technologies should

make it easier to engage students in familiar playful modes of learning
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that may be less used because they often are thought of as being too rudi-

mentary. But the technology can take these modes of playful learning and

make them deep and powerful.

It is often said that there are two ways one can use technology in

education—you can do old things in new ways (i.e., taking notes on a tablet

computer instead of a notepad, or writing on a smartboard instead of a

blackboard) or you can do new things in new ways (i.e., create immersive

simulations where you can become an electron and see out of its ‘‘eyes’’ in

virtual reality or travel back in time to interact with colonists in eighteenth-

century America in an online gaming environment). The former category

makes up the majority of classroom applications that are in use today—

word processing, research, and presentations. And the latter is discussed in

some of the later chapters on augmented reality. But some of our technol-

ogy fulls into a third category, which is doing new things in old ways. We are

having students explore phenomena in ways not previously possible while

using a style with which students and teachers are familiar. Through

technology-enabled role play and interaction face to face with their peers,

students can engage in deep, meaningful explorations of complex topics.

That isn’t to say that this is where technology should stop, for there is

certainly a place for doing new things in new ways (and probably places

for doing old things in new ways, which is what the vast majority of educa-

tional technology use consists of—internet research in lieu of library

research, word processing papers instead of handwriting). But to ask

teachers and schools to change what and how they’re teaching simultane-

ously is unnecessarily attempting to solve two problems at once. We can

solve one problem first, the more important one, which is getting them to

learn new things, and then later, as teachers get comfortable with the tech-

nology, they can transition to new ways of learning.

The principle of technology adapting to the classroom is one of the most im-

portant for getting into the classroom in the first place. Schools are one of

the most resistant organizations to change (Tyack and Tobin 1994; Tyack

and Cuban 1997; Cuban 2001). The path of least resistance for incorporat-

ing technology, which may be seen as an unstoppable force, has been to

relegate it to the periphery and apply these new technologies to do exactly

the same thing that schools have been doing for a century, and with in-

tense focus most recently: preparing for tests. Rather than figuring out

how these technologies can be used to meet the challenges of the twenty-
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first century, they’re being used to meet the challenges of the twentieth

century in slightly more efficient ways. Initiatives that have attempted to

ask schools to do new things in new ways have primarily failed (Tyack

and Tobin 1994). Changing too many variables at once is a recipe for

failure.

The fact that these simulations are done in ‘‘old ways’’ alleviates many of

the issues associated with going to the computer room. One teacher who

was working with a combination of technologies, some of which used

PDAs and some of which used traditional lab computers, stated:

I would definitely use the Palms in the future for activities in my classroom. It is such

a pleasure to have technology that works as well as not having to go through the

time consuming administrative procedures to use the lab and the frustrations that

go with the above. . . . It took him (an expert) 1.5 hours to get [the software] up and

running on one of the computers, but he said that the other computers that I have

been unable to fix even after more than 5 hours of my and another teacher’s fid-

dling, have got various problems including CD ROM problems, so he was unable to

do a repair. (From Klopfer and Yoon 2005)

When technology can actually meet teachers where they want to be, it

can be successful. Teachers shouldn’t have to change the way that they

teach and manage their classes just to get started. Changing the way classes

are taught and managed demands a whole suite of skills that require addi-

tional expertise and development that will come in time, but are not al-

ways immediately available to teachers. The professional development

that is so often lacking can provide teachers with the skills they need to

teach this particular content instead of having them learn entirely new

ways of teaching and new content. Then teachers can apply the skills that

they have mastered in managing and mediating classes, that is, leading

discussions, guiding student inquiry, structuring collaboration, and so on.

Today’s teachers have those skills, but they need the space in which to use

them.

Designing ‘‘Lightweight’’ Technologies

There is another important design principle that is manifest in our partici-

patory simulations, which I’ll call designing ‘‘lightweight’’ technologies. Our

version of PSims closely resemble nontechnological role-playing activities

(think of classic camp games in which you might act out the relationships
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of plants and animals in an ecosystem). These role-playing games embed

people inside of systems, in which the participants act out the behavior of

those systems. Participatory simulations add a small touch of technology to

those role-playing scenarios, which enables them to become more complex

and data-driven (for another take on participatory simulations see Wilen-

sky and Stroup 1999). If one looks at the screen of one of our participatory

simulations, one sees very little. The technology itself is very ‘‘lightweight.’’

It provides a small amount of information to the user, just enough to en-

rich a primarily human-based social game. This has two advantages. First

it allows the teacher to apply familiar methods of mediating the class as

previously discussed. Students spend a small fraction of their time actually

looking at the screen of the PDA. In one study that analyzed student

behaviors using participatory simulations (Klopfer, Yoon, and Rivas 2004),

‘‘looking at the screen’’ didn’t even make the top five behaviors in which

students were engaged during the activity. Instead they were writing notes,

talking and interacting with other students, analyzing data, and walking

around.

The second advantage of this design is that it allows the teacher to struc-

ture the game in many different ways. Instead of being locked into a partic-

ular focus to the investigation, or to a specific way in which the game is

used, the lightweight technology keeps the teacher in charge. It is the

teacher who decides how the activity can flow, not the technology.

Figure 6.3

Screen shot of the game Big Fish, Little Fish, showing the decline in population of

Big Fish that have not eaten in some time.
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To see how this happens, it is probably useful to outline some of the par-

ticipatory simulations that we have created. These are shown in table 6.1.

Take, for example, the Sugar and Spice game. This was a game originally

designed to teach some simple economics principles of supply and de-

mand. It is loosely based on Epstein and Axtel’s Growing Artificial Societies

(1996). In Sugar and Spice some players are sugar producers and others are

spice producers, however everyone needs both sugar and spice to survive.

Consequently, the sugar and spice producers trade commodities. The catch

is that different people produce and consume sugar and spice at different

rates. And in fact the number of sugar and spice producers can be askew.

Students investigate what the underlying production and consumption

rates are, as well as the ratios of the different types (sugar and spice pro-

ducers) to determine either the price they should pay for commodities

they need or the price at which to sell their commodities. Yet the game

specifies few details about what should be taught. Instead it is a lightweight

tool that simulates a system of trade. In a workshop on this game, teachers

discussed ways in which they had used or would use the sugar and spice

game in their own classes (Klopfer and Yoon 2005).

Here the teachers in the workshop discuss the ways in which they could

adapt Live Long and Prosper to their own classes and contexts:

Teacher 1: To me it’s a carbon cycle issue. I could say trees are doing . . . are basically

respirating carbon dioxide into oxygen and humans the other way around. So you

can say sugar and spice would be a balancing act in that sense. I realize this is going

more toward commodity, toward buying and selling, but you can certainly also show

homeostasis or stasis of one thing using one and the other thing using the other and

you can maintain that for an indefinite period of time. You can show a cycle

of . . . basically a carbon cycle.

Facilitator 1: Is there way that you could for kids . . . is there a way that you could go

into this and change it to make it carbon and oxygen? Is there a way that you could

get into the program?

Teacher 2: And you could have animals and plants.

The teachers have taken an economics game and adapted it to a biology

curriculum. They continue extending the idea in biology and move on to

additional subjects:

Teacher 3: With the way the game is described that pairs would go on with each

other that they would just stick with each other and that would be a winning

strategy. . . . I think there are animal pairs that pair up that way ’cause they learn

how to stay together.
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Table 6.1

Participatory Simulations and Their Uses

Participatory

Simulation

Sample Palm

Screen Description Activities and Adaptations

Big Fish, Little Fish Big Fish, Little Fish models a predator-prey system. Some
players are schools of big fish that need to eat little fish to
survive, while other players are schools of little fish that
must avoid the big fish to survive. Players can track their
school size over time via numerical readouts and real-time
graphs. The challenge is to support as many fish as
possible in the pond, and preserve species diversity.

Predator-prey relationships
Tragedy of the Commons
Fisheries management
Animal behavior

Discussion The Discussion simulation poses a statement for
participants to consider, such as: ‘‘Technology has
succeeded in changing classroom practices.’’ Participants
individually rate their agreement or disagreement with
the statement and provide a brief rationale. Then
everyone must go around and make their case to the
other players, and track how their own opinion and
rationale change in response to feedback from others.

Science, technology, and
society issues
Mathematics (estimation)
Science (scale)

Live Long and Prosper Live Long and Prosper is a genetics simulation. Players
take the role of an organism with a simple genome
(between one and eight genes) that is represented on
their screens. Players quickly age and must produce
offspring to survive. While players get points for surviving
and reproducing, the game quickly focuses on trying to
figure out for which traits the genes code.

Genetics
Ecology
Evolution
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Virus Virus is a game in which everyone initially appears to be
healthy. Players are then given the task to meet as many
people as possible without getting sick. Just how does one
do that? That is what players must figure out. As the game
proceeds some players get sick. By playing again players
can continue to try to determine how the virus works.

Health
Biology
Epidemiology
Exponential growth
History of diseases

Sugar and Spice Sugar and Spice is a simple game of economics, loosely
based on the artificial societies discussed in Epstein and
Axtell’s Growing Artificial Societies (1996). In this game
sugar producers and spice producers must negotiate trades
in order to survive. Along the way players must try to
learn how the system works in order to optimize their
trading strategies.

Ecology
Economics
Behavior
History
Biology

NetsWork NetsWork is a simulation of social and information
networks. Players form connections to others over which
they can pass messages. They soon realize which message
routes are more efficient, and come to understand the
dynamics of the network they have created. Teachers can
visualize the networks by downloading game data to a PC
using specialized software.

Graph theory
Biological networks
Computational networks
Social networks
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Facilitator 2: I’ve used this in history classes with history teachers before. One of our

history teachers was teaching the development of mercantilism in Europe and

thought that would be a good time to introduce this. And it gave the kids . . . it very

much personalized it for them.

And some time later in the workshop discussion:

Facilitator 2: One of the aspects of this [that] I think was most interesting is when I

did this in history class. The history teacher and I talked about the notion of this be-

ing a how you structure your social system kind of a game. So you could create cartels

or you could have price controls imposed by a central government. So you could

actually build small societies or subcultures in much the same way that some of you

all were starting to have the pairings. You’re already beginning to build small struc-

tures of society. If you did this over a number of days, you could actually explore re-

ally different organizations from that perspective.

Teacher 4: You know, I was thinking as I was playing this and thinking about

media. I kept thinking about looking at large multinationals like Vivendi merging

with GE or else looking at how shoes like Nike outsource to smaller companies where

it’s cheaper to buy and create the materials to send them off that way. So we’re going

to go over to another country and trade off. So I kept thinking about the social

dynamics of it more than the scientific applications.

As this dialogue illustrates, a game that was originally designed to teach

economics is readily adapted to teaching on the carbon cycle and symbiosis

(the mutually beneficial pairing of animals), or on the development of mer-

cantilism in a history class, to offer only two examples. Similarly the game

Figure 6.4

Screen shot of the game Sugar and Spice, showing the relative quantities of these two

precious elements that players must trade for in order to survive.
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of NetsWork was designed to teach the basics of social and computational

networks. As in many networks, there are nodes and links between those

nodes. In this case, the students are the nodes and they can make links to

each other. However, they can only make a small number of connections,

and those connections are divided up between those people in their

‘‘group’’ and those in other groups. The groups are computer-designated

groups of particular sizes that are randomly assigned to students when

they begin the game. Players can make several connections to other people

within their group, and a much more limited number to people in other

groups. The network topology typically looks something like figure 6.5,

which shows players in different groups and the connections that one

player in group A has to players in group A and group B.

Players are then tasked with getting the maximum number of messages

to as many different people as possible. They are limited by the number of

messages that they can have out at any one time (i.e., undelivered mes-

sages). They are further restricted to choosing only destinations to which

they are not directly connected. So the player in figure 6.5 could choose to

pass messages to only one player in group A (to whom they are not con-

nected), but nearly everyone in groups B (except the one to whom they

are connected) and C.

Most of NetsWork typically is spent creating messages and figuring out

ways that players can get to their destinations. At the end, students are

able to visualize the entire network, including all of the connections in

Figure 6.5

A sample structure from the game NetsWork, simulating groups of people who know

a closeknit group of other people well (strong links) and other more distant people

less well (weak links).
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the network, as well as where all of the messages wound up, and statistics

on the messages and connections in the system. While understanding net-

works, an important and emerging science, was the original design goal for

this game, teachers have adapted it to a variety of contexts.

Here the teachers discuss how they could use NetsWork in their own

classes:

Teacher 1: Well, in [our math curriculum] we have a section dealing with networks

and how to connect them dealing with the best pathway or other pathways.

Facilitator: So what grade is that?

Teacher 1: Ninth grade.

Teacher 2: And when her kids leave ninth grade and come to me in tenth grade,

and we work with adjacency matrices and counting the number of paths from one

to another and using the power of matrices and stuff like that and so it would fit for

her and my courses.

Facilitator: Other feedback?

Teacher 3: The analogy that you made about the clusters, I pictured them like two

neighborhoods where you’ve got a lot of people knowing each other in one neigh-

borhood. Why not just in the interface call it, I’m in the neighborhood A. Just

change the name to neighborhoods instead of clusters because the game is always

going to be played with people and I think the first, I mean especially with kids the

first concept of network that they have is neighborhood.

Teacher 4: I can see this being used in many different sciences, in computer science,

in any area where communication is necessary.

Figure 6.6

Screen shot of NetsWork, showing the connections that the player can make at the

beginning of the game.
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There are many dimensions to the flexibility that this model offers, as

demonstrated in this conversation. That flexibility comes in several forms,

in content, in grades/ages/levels, and in context and connections.

The flexibility in content was demonstrated by the Sugar and Spice game

as well. For NetsWork the connections of networks are made to various

aspects of the mathematics curriculum and computer science. Other

teachers have adapted NetsWork to be used in biology classes (biological

networks), social science classes (social networks), and health classes (as

models of how diseases were spread).

The flexibility in grades/ages/levels is shown in this conversation. Teachers

discuss how to use NetsWork in ninth grade math, tenth grade math, and

middle grades (the ‘‘younger’’ students referred to in the conversation). The

goals and scaffolding that the game provides are primarily provided by

Figure 6.7

The graph that is output from NetsWork, showing connections between players and

the paths that messages took.
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the teacher. Therefore, without any technical manipulations the teacher

can change the game to be easier or harder, or to focus the discussion on

the more or less challenging (as well as more or less relevant) aspects of the

game. The game provides the space in which the teacher can create these

supports using ‘‘traditional’’ teaching skills.

It is interesting to note that ‘‘older’’ doesn’t necessarily mean ‘‘better’’

when it comes to playing these games. Often the playful nature of younger

students, perhaps combined with their greater experience in solving game-

based problems, make them more successful at these games. For example, I

have played the virus game (see table 6.1) with students ranging from

fourth grade through university level, and on up to teachers and profes-

sionals in the public health profession. The classes that are the ‘‘best’’ (for

now, defined as figuring out the most information in the shortest time) are

often at the eighth-to-tenth grade level. And the ‘‘worst’’ (taking the

longest and finding out the least) class that I have ever encountered was

a group of master’s-level epidemiologists, containing many experienced

adults from the medical profession.

Younger students will play the game again and again. They dive in, play-

ing the game ‘‘haphazardly,’’ but develop intuitions (often wrong) based

on their experience. As they gain more experience from additional rounds

of play they may develop new and better hypotheses and discard some of

the old ones through a somewhat informal process of hypothesis testing.

As is required in many games (from figuring out how to kill the ‘‘boss’’ in

a first-person shooter game, to figuring out how to hold a job in the Sims),

the tried-and-true method of trial and error can be very helpful. The trial

and error approach (when done systematically) is really hypothesis testing.

The students in these age ranges will readily engage in that mode and test

and test again. In the end they will need to run some formalized experi-

ments, but those are most effective when based on evidence that they

have already collected through play.

As the students get older they develop a notion that the only way to

learn is through designed experiments. This echoes the teaching of science

in schools (McComas 1996; Sandoval 2005) through which it is conveyed

to students that there is a single scientific methodology in which you lin-

early start with a hypothesis, conduct experiments, and come to a conclu-

sion. After playing the game once the students (high school, university,

professional, etc.) will sit down and try to design the single best experiment
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that can answer all of their questions of interest. They will simultaneously

attempt to determine who started the disease, the probability of its trans-

mission, its incubation time, who is immune and why, and how to

minimize the number of infections. There are two problems with this

approach. First, designing an experiment to simultaneously test such a

large number of variables is difficult or impossible. Variables need to be

isolated and tested independently through repeated experiments. Second,

designing even the simple experiments based on limited experience is un-

likely to be productive. Scientists spend much of their time ‘‘playing’’ in

the lab, figuring out things about their systems of study through tinkering

and small informal experiments. Once they develop some good intuitions

they can then start to design experiments. That process is modeled well

by the younger, playful students. The ‘‘experts’’ who attempt to theorize

in the absence of experience and data will often wind up endlessly spin-

ning their wheels.

There are two other manifestations of the single, linear, scientific-

method construct in many of the players of these games—they don’t

know when to discard hypotheses and they don’t understand the random-

ness inherent in complex systems. With respect to the first issue, it is bene-

ficial to generate and test hypotheses throughout these experiments, but

the linear scientific method has provided them with little experience on

using feedback to modify or discard hypotheses. Take for example the Virus

game. One of the initial hypotheses that students often generate is what I

call the ‘‘chemistry hypothesis’’—that two particular people need to meet

to create the initial virus (each containing a part of the necessary compo-

nents). Once those two specific people meet, they create the virus and pass

it around. The students will hypothesize, ‘‘Arnold needs to meet with Betty

to start the virus,’’ having observed Arnold and Betty were one of the pair-

ings that met right around the time of the virus’s overt appearance. They

will then conduct a test, find that this is not necessarily the case, and mod-

ify their hypothesis: ‘‘Arnold needs to meet with Betty after meeting with

Cindy.’’ Then they will test that hypothesis, and find out it is also incor-

rect. Again they modify the hypothesis: ‘‘Arnold needs to meet with Betty

after meeting with Cindy who has met with David within the last two

minutes.’’ And so it goes, on and on, with this series of revisions, the stu-

dents never knowing when to apply Occam’s razor and start over with a

simpler hypothesis that could also explain the phenomenon.
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As for the stochastic nature of complex systems, while this is something

that students have experience with in their daily lives, from weather pat-

terns to traffic jams to the ice crystals on their windows, it is not something

of which they have been explicitly made aware. In fact, in many ways the

science experiments that they conduct lead them to believe that we live in

a deterministic world. These experiments are done once and have a correct

answer. If the answer deviates from the correct one this is chalked up to

‘‘error.’’ In fact, in complex systems there may be different results in re-

peated trials due to undetectably small differences in the starting condi-

tions. The Virus game may unfold in quite different ways in repeated trials

due to small differences in the initial interactions, or some of the inherent

randomness in the system. Additional experience with school science

seems to decrease the facility with which students can understand such

complex systems.

There is also flexibility in context and connections. One might call this

the flexibility to be creative. The games specify little about their meaning

or context. While we suggest certain connections to make it easy for teach-

ers to get started, these are not built into the game, allowing teachers to de-

velop their own scenarios that may be more fun, relevant, or meaningful

for their audience. For one teacher this was making linkages to neighbor-

hoods. For another it was the Pony Express or other stories.

Together these flexibilities create a malleable medium—the raw, partially

formed materials that can be shaped and bended by teachers. The potential

to walk the line between overly structured materials like those that often

come with science kits, or packaged software that doesn’t allow teachers to

exercise their creativity, is the reason many teachers chose their profession.

When software does allow that customization, it requires technical modifi-

cations, going in to preferences or editing files, which most teachers feel

uncomfortable doing. This means that the materials must take a one-size-

fits-all approach. On the other hand, giving teachers a tabula rasa or blank

slate is unworkable. Most teachers don’t have the time or expertise to de-

sign entire lessons from pure, raw materials. While this method can be

powerful when teachers are adequately supported during the process, this

is not a luxury available to most teachers.

So the solution that we have provided here is to give teachers a game

framework that can be easily customized through nontechnical means.
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This results in teachers’ having materials that they have ownership over

and matches their needs.

Personal Engagement

The final design principle that I’ll distill from the participatory simulations

is personal engagement. While engagement may seem an obvious design

principle for games, it may not be obvious how one creates something

that is simultaneously engaging and educational. Many commercial off-

the-shelf games are designed around extrinsic rewards—points or award

structures that are easy to measure. In first-person shooters this may be

merely points derived from the number of kills, accuracy, bonuses, and so

on. In role-playing games this could be wealth, as well as the level of your

character. But increasingly games are focused on creating deep, personal at-

tachment to characters in the game, and the rewards are ‘‘success’’ for that

character that is often defined by the player themselves.

In these games, as may be the case in others where there are more overt

motivators, the reward is ‘‘Flow’’ (Csikszentmihalyi 1990), which means

‘‘being completely involved in an activity for its own sake.’’ It is marked

by extreme concentration, pleasure, focus, reward, and even exhaustion.

Activities that lead to Flow encourage such qualities as clear goals, high

concentration, feedback, appropriate challenge, personal control, and in-

trinsic reward. These same qualities are found in good games.

While many of the participatory simulations contain extrinsic rewards

(points or predefined goals for the individual player), these are often just a

way to concisely define an initial problem for the players so they can get

their minds around the problem. The real reward comes from figuring out

the system, which is a collective/collaborative goal. For instance, in the ge-

netics game Live Long and Prosper, there is a point structure that players

are given at the onset of the game. The score that you get is whatever your

age was at the time of mating plus a bonus according to the following scale:

age 21–40 ¼ 5 points; age 41–60 ¼ 10 points; and age 60þ ¼ 20 points.

This scale was designed to get players to explore the upper end of the age

ranges, instead of just reproducing as fast as possible (and yes, the notion of

‘‘reproducing’’ gets giggles from middle schoolers on up through adults). In

the initial versions of the game there was indeed no score at all. But when
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we explained to the players that they were just supposed to reproduce and

try to figure out the system, they didn’t know where to begin. So instead

we introduced the idea of points and told the players in the initial round

that they were to try to get as many points as possible. This is a tangible

goal that gives new players a place to start. The notion of score, however,

disappears by the end of the first round if not before. There is the occa-

sional player (usually boys) who will brag about their score, but for most

people the goal of scoring has been replaced by the goal of trying to figure

out the system.

The reason why figuring out the system becomes a worthwhile goal is

multifaceted. First, it is a challenging yet comprehensible problem. Stu-

dents can understand what they are trying to figure out, even if it takes

them a while to figure out how. Second, it is a challenge that they defined.

True, it is somewhat inevitable that this is where the game goes, but the

way they approach that problem and the specifics of it are owned by

them. Third, it becomes a collaborative goal that relies on most if not ev-

eryone in the class. Finding the rare clear gene may make anyone in the

class an important player at any time.

Finally, and perhaps most importantly, the games are always played from

a truly first-person perspective. This is not about ‘‘the machine’’ or even

about my ‘‘character’’ or ‘‘avatar.’’ The game is about ‘‘me.’’ When players

are engaged in the Virus game they will often call out ‘‘I’m sick’’ or ‘‘who

got me sick.’’ In the Live Long and Prosper game, players will be asking

‘‘can I look at your genes’’ and ‘‘who wants to mate with me?’’ The idea

that the games is about ‘‘me’’ is critical to its success. Students are em-

bedded within this simulation game not just physically but also intellec-

tually and even emotionally. The game is not about the machine, but

about them, and the machine is merely an extension of them.

The theory of situated learning (Lave and Wenger 1991) states that the

learning is integrally connected to the environment in which the learner

is situated. As mentioned earlier, an important component of that environ-

ment is the other people who make up the community. But it is not merely

the learner’s mind that is present in this environment, it is his body as well.

Others have argued (Winn 2003; Rambusch and Ziemke 2005; Klemmer,

Hartmann, and Takayama 2006) that the use of the body in these environ-

ments is also critical. The body and mind are integrally connected, as the
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body facilitates communication, spatial understanding, and reasoning.

Thus the use of the body in learning activities is critical.

Designers of virtual environments have learned the importance of creat-

ing a virtual experience that mirrors physical reality as close a possible to

permit the use of these more natural forms of communication and naviga-

tion. The goal of this sense of reality is to increase ‘‘presence’’ (Lombard

and Ditton 1997; Lee 2004), the feeling that the person in the virtual envi-

ronment really is in the virtual environment, not in the real one. Some re-

search has shown that increasing such presence is associated with increased

learning in virtual learning environments (Salzman et al. 1999; Winn et al.

2001; Winn et al. 2002). Gee (2003) goes further in discussing a principle

that he calls ‘‘embodied empathy for a complex system,’’ the notion that

you develop understanding of complex systems in video games by actually

becoming a virtual part of that system. But creating that sense of presence

is difficult and we may never be able to replicate the sense of presence we

have in the real world.

Typically, in video games that presence comes at the cost of having to de-

sign highly realistic environments and characters. In the participatory sim-

ulations it comes for free as a result of relatively simple design, so that the

players can construct their own meaning about the game and what their

role is. Klemmer, Hartmann, and Takayama (2006) state that ‘‘interfaces

that are the real world can obviate many of the difficulties of attempting to

model all of the salient characteristics of a work process as practiced.’’ The elec-

tronic interactions are purposely brief and the explanation is intentionally

designed to be about the player. Most of the interactions and interface are

nontechnical, as mentioned above, and therefore perfectly mirror real-life

interactions.

Attaining that sense of embodiment connects students emotionally to

the game, which results in their significant investment in solving the prob-

lem at hand. They care about the answer to the problem because it con-

cerns them. I have a particular recollection of using the Virus game in a

low-performing school (specifically, it was an urban school for slightly

‘‘older’’ students who had spent some time away from school and in jail).

The students were never engaged in science class, according to their

teacher. We were there for several days using the Virus game, and on the

second day during lunch two girls came running back from the cafeteria
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to share some of their theories with us as they tried to catch their breath.

The theories were not right, but the point is that they cared enough to be

discussing this at lunch.

One teacher shared this comment with us about the Virus game: ‘‘I was

amazed at the kids’ ability to problem-solve . . . these incredibly low kids

who are generally disengaged. I had a look through the post-virus question-

naire . . . without exception . . . every single kid said that the game was fun

and I know from being out in the hallways between classes that the kids

were talking to each other about the game, about who is getting everyone

sick and so the kids were very engaged. From that perspective I think the

game was incredibly successful.’’

Another teachers stated about the Tit-for-tat game: ‘‘But a lot of times

you find them getting into what they have to do. And how often do you

go into a math class and see a bunch of kids sitting around a table arguing

no it’s really this, no I swear, look what I did and then the other kids saying

no it’s this way. And they just kind of like duke it out and sort it out and

it’s really cool to watch.’’

It is difficult to get students to feel so personally engaged in learning.

While it is entirely possible to create this with virtual media, it is more

difficult and is not as good as the real thing. Thus, this principle of per-

sonal engagement will come back in the design of many of our handheld

simulations.
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7 The Importance of Reality

On the site of a renowned institution, during some routine testing of the

groundwater, a team of investigators discovered traces of a dangerous

toxin. The toxin, trichloroethylene (TCE), is the same as that implicated

in the ‘‘cancer clusters’’ found in nearby Woburn, Massachusetts, the site

of the novel and movie A Civil Action. Several teams of environmental engi-

neers visit the site where the chemical was found to assess the problem and

recommend a course of action. The teams arrive on site and go to work

assessing the situation. They interview witnesses and other experts, draw

upon local knowledge, research pertinent regulations, and collect samples

to document the extent and severity of the problem. All of this needs to

be done quickly because the Environmental Protection Agency will send

staff to visit the site in the near future and needs to know what, if anything,

is being done about the problem.

One team (Team Alpha) presents its recommendation to the leadership.

They summarize that they have found the source of the problem, which

was dumping of chemicals that happened years ago in the center of the

site. The team goes on to say that while the toxin has leaked off the site

into the surrounding community, it is not a great danger since the local

groundwater is not used as a source of drinking water. The presence of the

chemical in drinking water is really the only significant health concern, as

its presence in surface water (the local rivers and lakes) is not critical since

the toxin is extremely volatile and does not pose a danger there. There are

some legal concerns, however. If the toxin leaks beyond the boundaries

of the property, the site owners are legally obligated to remediate to

make sure that the toxin does not affect neighboring properties. With all

of this in mind the team recommends substantial remediation. The way to



accomplish this is to position large drill rigs in the middle of the site along

the road and to pump the toxin out of the soil. It is likely to a take a few

years, but that is what it is going to take to do the job correctly.

In another room a different team (Team Bravo) is presenting its case.

They also summarize their case and similarly find that the source of the

problem is at the center of the site due to dumping in years gone by. They

too have found that the toxin has leaked into the surrounding community

and poses no great danger since residents don’t drink the groundwater.

They concur that the presence of TCE in groundwater is the only real

health concern, and that the chemical likely evaporates from the heavily

used open bodies of surface water. On the legal implications, they too agree

that there are legitimate concerns. But that is where the similarity ends.

This team reports it has some concern about the surface water since local

rivers and lakes are heavily used for recreation. From experience, however,

team members know that these water bodies are already heavily polluted,

and this additional toxin is unlikely to contribute anything significant to

the problem. Getting back to the legal issues, they feel a measure less dras-

tic than the huge drill rigs might be sufficient. They are afraid that the neg-

ative repercussions of putting these drill rigs conspicuously in the center of

the site along a highly visible roadway and walkway would be potentially

quite damaging to the reputation the site owners. It would create unneces-

sary panic in the community and strain its already contentious relationship

with the site. What would locals think if they see such rigs? It would likely

tarnish the reputation of this place for a long time to come. So, Team Bravo

instead recommends phytoremediation, which involves planting trees in

the most heavily affected areas. The trees will absorb the toxin slowly from

the groundwater and diffuse it into the air, which is not problematic. This

process will take many times longer than drill rigs, but it will beautify the

site, do something about the legal issues, and not cause alarm in the com-

munity. Since the health concerns are not relevant here, this is the team’s

recommended course of action.

How did these two teams come to such different conclusions? The data

that they have in hand seems to be identical. They have narrowed the

toxin to the same place, assessed the same severity of impact and potential

legal and health implications. Yet Team Bravo has factored in additional

considerations:
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n The water is already known to be polluted, and the additional pollution is

unlikely to be a major concern.

n The area in need of remediation is highly visible to cars and pedestrians

and would likely draw a lot of negative attention to the site.

n Relationships between the site and the community are strained and

should be taken into consideration.

Team Bravo took this additional information and then seemingly

weighed the evidence in a more nuanced fashion, and in particular took

some of the social/subjective information they collected more seriously

than Team Alpha did.

I don’t think one can say for certain that one team is more or less correct

than the other, but their proposals certainly are different. What would lead

two teams to such different conclusions when considering the same data?

Perhaps they just have different points of view. I suggest that this is in fact

the case, and that they literally had very different views on the data. For

one of the teams, figure 7.1 shows what was literally their view as they

went and collected data.

This team inhabited the virtual world portrayed in figure 7.1, where team

members could collect information via virtual sampling devices, obtain vir-

tual interviews from ‘‘witnesses,’’ and collect documents to support their

case. They could zip across the whole world in a matter of seconds (any-

thing slower was perceived as boring), interact with programmed avatars,

and see and converse with other real people represented by other avatars

in the world.

The second group had a different view, as figure 7.2 reveals.

This team went out across an actual site. In order to get virtual samples

from far-away places, team members had to walk long distances. They

could get the same documents and interviews virtually, but they needed

to go to the appropriate places to obtain them (for example, for shipping

and receiving records they had to go to the shipping and receiving docks).

They did not have avators to virtually bump into, but they did have real

people to interact with whom they could see.

Based on their responses, can you guess which team had which view? In

fact Team Alpha inhabited the virtual world, while Team Bravo went about

its activity in the real world. Team Bravo had some additional information

that we did not program into the virtual environment. They could see real
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people walking by on the street. They could see the high volume of auto

traffic that passes by the site every day. They could more readily incorpo-

rate their local knowledge of the site into their decision making. This is

what likely influenced their vastly different conclusions.

While this comparison is of only two groups, from which we should be

careful not to draw any generic conclusions, it does suggest that playing

virtual games in real spaces may play an important role in the decision-

making process that underlies the learning in these environments. In order

to better understand this experience, let’s examine just what the players of

this scenario saw. Before we examine these cases, it is useful to establish a

framework in which both of these technologies exist.

Figure 7.1

The virtual version of Environmental Detectives.
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Heavy and Light Augmentation

Both the augmented and virtual versions of the game involve technological

intervention with which players must interact. Milgram and Kisinho (1994)

established a ‘‘Mixed Reality’’ continuum that attempts to define a contin-

uous scale along which environments that mix the real and virtual can be

defined. At one end of the spectrum are totally real environments with no-

thing virtual at all. At the other end of the spectrum are virtual environments

Figure 7.2

The augmented reality version of Environmental Detectives.
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with no real components at all. The virtual environment in which we

implemented this game would be an example of something close to the lat-

ter end of the spectrum. In the middle are augmented reality and aug-

mented virtuality. Augmented reality, in this definition, is a combination

of the real and the virtual, which contains more real than virtual. It would

be an environment in which one might think about adding virtual ele-

ments to a real environment. It could be adding virtual objects or people

to a real landscape. The counterpart to augmented reality is augmented vir-

tuality. This may be thought of as adding elements of reality to a virtual en-

vironment. Here one might be projecting a real person or an object into an

otherwise virtual environment.

This spectrum has come to define what both mixed reality and aug-

mented reality are. But the spectrum is specifically designed to apply to

‘‘immersive’’ technologies, those in which the player is wearing a helmet

or goggles and receiving real-time virtual information that is overlaid on

the real environment. It necessarily involves a display that is head- or eye-

mounted so that it is always in the visual field.

The games that we are creating are designed to use commercial off the

shelf handhelds (and a similar case could be made for mobile phones that

provide comparable capabilities). As such, these technologies are not

immersive, though we hope the experience that they create is, given the

elements of the real ‘‘immersive’’ environment that we also appropriate.

As such, we need to define a new space for these games. The term aug-

mented reality seems overly constrained in applying it solely in Milgram

and Kishino’s context. We have used this term more broadly to apply to

technologies that combine the real and the virtual in any location-specific

way, where both real and virtual information play significant roles. Others

have referred to some of these uses as hybrid reality, pervasive gaming, or

Figure 7.3

Milgram and Kishino’s (1994) Mixed Reality Spectrum, showing the spectrum of

mixes of real and virtual in environments.
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ubiquitous gaming (Bjork et al. 2002; Magerkurth et al. 2005; Walz 2005;

de Souza e Silva and Delacruz 2006). But all of them are augmenting reality

with virtual information, so we instead have used a spectrum that defines

the weight of the augmentation along a continuum from light to heavy.

The weight refers to how much virtual information is provided to the

player. A lightly augmented reality has the player using a lot of the physical

reality and accessing virtual information quite rarely. Players may look at

the virtual information on the order of minutes or even hours. A heavily

augmented environment relies on frequent access to virtual information.

That information may be accessed on the order of seconds or even

continuously.

This puts most of the immersive technologies (helmets and goggles) on

the far end of the spectrum as heavily augmented. These environments

rely on the fact that you have continuous or near-continuous access to the

virtual information. Many of the games that are designed using this tech-

nology are ports of purely virtual games in which you obviously also have

access to that virtual information continuously. Games such as ARQuake

(Piekarski and Thomas 2002) or Human Pacman (Cheok et al. 2004) de-

pend on players being able to respond to the virtual information in a split

second. Of course they must also be aware of their real-world surroundings,

or they may smash into a wall or fall into a ditch. A lightly augmented

world, which is designed around periodic access to virtual information,

relies on players making much greater use of the real-world informa-

tion and accessing the virtual information when certain events happen.

Many location-based games (see chapter 4 for examples) fall into this cate-

gory. Players move about in real space but get information when they

move to certain locations or trigger points. While the players might have

access to their position in real time, they look at their screens for virtual

Figure 7.4

A spectrum that defines lightly and heavily augmented environments by the amount

of real-world and virtual input given to players.
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information only rarely. A virtual environment lies just beyond the right

edge of this spectrum, and role-playing games that don’t use technology

would be just beyond the left edge of this spectrum.

This spectrum is linked to the technology employed. Displays that are in

the players’ field of view are likely to provide them with continuous input,

but a screen on a handheld or mobile phone is likely to be accessed much

less frequently. This need not be the case, however. One could design a

handheld game that requires the player to look at the screen quite fre-

quently, or a head-mounted display that provides only event-based infor-

mation to a player.

The game Savannah (Facer et al. 2004), designed by NESTA Futurelab, is

an educational augmented reality game. It provides a heavily augmented

reality via handhelds to students. Students in this game are role playing as

lions hunting on the savannah. They need to track their prey and stay

away from potential hazards such as hunters or other lions. Players are

given headphones that provide them with continual audio cues, and a

handheld on which they can track their location. There are events that

happen periodically (they catch prey or get pounced on by another lion),

but they must continually track their location relative to others and pick

up on cues like scents on a near-real-time basis.

The heavy to light augmented reality spectrum is also correlated with the

kinds of games one might create using these different technologies. Typi-

cally one might associate games that are not connected to the real space to

be heavily augmented (using the real world as game board), while games

that are tightly linked to particular places to be lightly augmented. This

connection will be discussed in the next chapter.

Environmental Detectives

The two chemical disaster scenarios described earlier in this chapter were

both part of a game that we created called Environmental Detectives (ED).

ED was designed as a part of the Games to Teach project at MIT, funded by

the Microsoft iCampus initiative. This particular game was the first of what

was to become a long series of augmented reality handheld games (ARHGs).

These games fall on the light side of the augmented reality spectrum, pro-

viding players with some occasional virtual information that they must in-

tegrate with their real-world experience. We chose a lightly augmented
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approach for this first game. The development of ED as an example of a

lightly augmented reality game was motivated by a desire to create games

that could address important disciplinary practices in realistic ways. We

thought that we could create some compelling authentic scenarios with

the corresponding strongest learning outcomes by setting these games in

real space instead of the common tactic of setting games in virtual spaces.

The time (a. 2001) was right for such an initiative, for handheld com-

puters were then rapidly increasing in their capabilities and had become

the cornerstone of such an activity using commercial, off-the-shelf hard-

ware. That applicability to commercial off-the-shelf products was impor-

tant, as we did not want this to be a purely academic initiative in which

we would be tied up in proprietary hardware that would be of little use out-

side a research project. Fortunately, handhelds were offering several new

properties that delivered unique affordances (Klopfer, Squire, and Jenkins

2002):

n Portability can be transported to different sites and move around within a

location.

n Social interactivity can facilitate exchange of data and collaboration with

other people face to face.

n Context sensitivity can gather data unique to the current location, environ-

ment, and time, including both real and simulated data.

n Connectivity can connect handhelds to data-collection devices, other

handhelds, and to a common network that creates a true shared envi-

ronment.

n Individuality can provide unique scaffolding that is customized to the indi-

vidual’s path of investigation.

Together these features could be combined to create a location-based

simulation game that we felt could be both authentic and engaging. Given

that we were at an institution where engineering is a significant academic

focus (albeit taught primarily traditionally), we targeted engineering as our

first domain. In consultation with environmental engineers we identified a

particular problem with environmental engineers-in-training (Nepf 2002).

New engineers often struggled with navigating primary (data they collected

themselves through scientific measurement) and secondary (desktop re-

search or interviews with witnesses and experts) information when con-

ducting investigations. While the faculty tried to teach this skill in the
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classroom, it was hard to do as it really only came along with practice. This

seemed like the perfect skill to try to teach through a game situated in the

real world. We could engage students in the study of this disciplinary prac-

tice through authentic technology-supported investigations.

Students playing the game were given a briefing containing information

similar to that described at the beginning of this chapter. They were told

that routine groundwater testing during the construction of one of the

buildings on campus showed evidence of a chemical in the groundwater.

They were being brought to campus as a team of environmental engineers

to try to determine where this chemical had come from, how far it had

gotten, what the legal and health ramifications of its presence were, and

what the university should do about it. The problem needed to be dealt

with quickly because the Environmental Protection Agency (EPA) enforcers

were coming to campus for their annual visit soon, and the university had

previously been in trouble with the EPA and therefore wanted to play this

one by the book.

Each pair of students was given a handheld computer with GPS that

would perform a number of functions. Students’ main view was a sche-

matic map of the area (figure 7.5a). On that map they could see their cur-

rent location marked by an icon. As they moved around on the site the

icon moved with them. Additional icons indicated the location of virtual

experts and samples that they had already taken.

The primary tools that the student teams had at their disposal were:

Virtual interviews Experts and witnesses were scattered around the campus,

positioned in locations that were linked to the information that they pro-

vided. The president could be interviewed near the president’s office.

Experts on geohydrology were near that department’s location. Witnesses

who may have seen dumping long ago were in offices that were near the

dump sites. Interviews always contained text and often contained addi-

tional images or video.

Electronic documents Documents could be obtained either directly from

sites or handed to teams by the witnesses and experts in the game. This

background information was taken directly from actual documents con-

taining real information.

Virtual samples Everyone was given three drill rigs that they could have

out at any one time. The drill rigs could provide data on the level of the
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Figure 7.5a–c

Screen shots of the first implementation of Environmental Detectives, showing (a)

the schematic map of the area; (b) representative documents; and (c) on-location

video.
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toxin at any given point on the campus. To use the drill rigs the player

would need to go to the site that they wanted to sample, and ‘‘dig’’ the

well. They then needed to wait for several minutes while the well was dug

(during which time they could go on to other tasks if they chose). When

the digging was done they could go back to the original location and col-

lect the ‘‘sample.’’ Finally they were given an option to process the sample

quickly in the field (with low accuracy) or to send it to a virtual lab that

took several more minutes to process (with higher accuracy). They could

not reuse the drill rig until the sample had been collected.

While others had previously created location-based games, ours intro-

duced the notion of underlying data and models in the form of different

sampling techniques. The data was provided by an underlying model of

the spread of the toxin through space. Combining quantitative and qualitative

information turned out to be a key design principle for later games. It took

what was a platform for location-based Web browsing or place-based narra-

tive to a new direction in which virtual data was layered throughout space.

The kinds of games that this enabled provided fertile ground for learning

about data collection, analysis, and sense-making, which are important

twenty-first-century skills.

Environmental Detectives was designed to provide some of the realistic

challenges of conducting environmental investigations. Most students

wanted to simply put the drill rigs down everywhere to get samples, but

this was not realistic. Instead they needed to spend time planning where

they wanted to put the rigs, and use them judiciously. It took time to sam-

ple and time to get to the sampling locations. All of this timing needed to

be factored into the students’ decision making, for which there was a great

deal of variability among the teams. Adding to the authenticity was the fact

that there was no perfect solution to this problem. Some solutions were

better or worse, but none were perfect. In terms of FITness skills, this was

managing problems in faulty solutions.

Additionally, students needed to deal with real limitations in the envi-

ronment. Some students playing a similar game at another location dis-

cussed some of the barriers to their plan of attack:

Stacey: There’s a fence there. I can’t get over it.

Gina: Then I don’t know what we’re going to do. We’re stumped. Let’s call the guy

[facilitator] so we can find out what we’re doing.

98 Chapter 7



Stacey: What does it look like?

Gina: We’re close. That’s the thing.

Stacey: Okay, fine. Can we go over this [barbed wire] fence?

Gina: I don’t know.

Stacey: Maybe we can get on the other side by walking somewhere else.

Louis: Maybe we can walk the fence. No, there are trees.

The real space provided real barriers and caused the students to make

some decisions of the kind not faced in a virtual world where the conse-

quences are merely virtual. Climbing a barbed wire fence in a virtual world

is either possible or not possible. Climbing a barbed wire fence in the real

world has well-known consequences.

Conversation focused on the game is important, but the time spent walk-

ing from one location to another, and observing one’s surroundings in the

process, leads to another kind of conversation. It is that more casual con-

versation, related to the game and the surroundings, which likely influ-

enced the players in making different decisions and weighing different

factors across the virtual and augmented worlds. For example:

Bill: [Walking near the river] We know that it’s in the Charles, which is already dis-

gusting. It’s possible that TCE is such a ridiculously small affect compared to the big

mess of the Charles, and I have friends by the way who study the Charles River and

are not impressed. So, that’s a possibility. We also know that the water isn’t used for

drinking.

Jenny: We used to go canoeing on the Charles River. And we always had to watch

out. People fell out of their canoe, their eyes were stinging and stuff.

These frequent conversations about the community and their surround-

ings were important. They elicited responses about the players’ past interac-

tions with the place in which they were, and caused them to incorporate

information about their surroundings—pedestrians passing by, informa-

tion about other buildings, stories that they had heard, and so on.

Sometimes the way in which that information was ultimately incorpo-

rated into the story by the players perplexed the passersby. Occasionally

players would ask other people wandering by for information pertinent to

the game. As these games were near reality, that information could some-

times help them. For example, someone might ask for the location of a par-

ticular building, where the university president’s office was, or if a passerby

knew anything about the local groundwater. All of that information would

be relevant to the game. However, sometimes players struggled with where
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the game ended and reality began, asking befuddled passersby about fic-

tional aspects of the game. This was greeted with indifference, confusion,

or alarm. In this case, where Environmental Detectives was being played

at a nature center, the person who gets caught up in the story has cause

for alarm:

Stacey: We’re trying to find if there are any toxins here. Do you know of any

toxins?

Visitor: Toxins. I don’t know of any toxins.

Gina: It is in the game. I think it is all in the game.

While the two girls likely understand that there is no imminent danger,

and they are not empowered to take action on any such toxins, this inter-

action demonstrates that they are invested enough in this investigation to

think that perhaps a passerby will have relevant information. It feels au-

thentic enough to them that they have lost some sight of where the game

ends and reality begins.

Nothing Beats Reality

When asked to compare the Multi-User Virtual Environment (MUVE) expe-

rience with the augmented reality experience, students gave us a wide

range of responses. Some students liked certain aspects of one environment

or the other. Those students who described themselves as ‘‘kinesthetic’’

learners, or ‘‘tactile’’ learners in general strongly preferred the augmented

reality simulation. ‘‘I learn better by doing something myself,’’ one student

noted, ‘‘so I will definitely remember the information we encountered in

these experiments better than if I had just read about the process.’’

Another player felt more comfortable in the augmented reality simula-

tion, explaining, ‘‘I liked the freedom of being outside. I liked being able

to physically touch the map and I liked being able to really look around

for clues about where we were. I did not feel disoriented in the augmented

reality simulation. Whereas I did feel disoriented in the virtual reality

simulation.’’

While some people (myself included) sometimes feel ‘‘directionally chal-

lenged’’ in the real world, we are better suited to picking up the cues and

appropriating our skills at navigation in a real-world scenario than we are

in an avatar-based virtual one. We are able to draw upon what little skills
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and techniques we have developed through life in navigating these spaces.

Yet, other students enjoyed being able to get a very rapid sense of manag-

ing the situation in a more expeditious manner. Through the virtual envi-

ronment they could zip around and collect the data that they needed

which was expedited without the physical constraints of the real world.

One player offered the following explanation for their enjoyment of the

virtual environment: ‘‘I think what I enjoyed the most was actually being

able to get the answer. I was concerned at the beginning that we would

not get the answer but somehow as you navigate your way through the

world, interview different people (collect data really), the challenge be-

comes manageable. I think this is a good tool for learning.’’

I argue that getting ‘‘the answer’’ should not be the goal of this activity.

It is really about the journey rather than the destination. In real situations

such as this, we may never know ‘‘the answer,’’ but rather collect as much

information as we can to make a well-informed decision—such as happens

in many events in real life. This skill of being able to make decisions with

information that is less than complete, or managing faulty solutions, is a

critical twenty-first-century skill, but one we don’t teach very well in most

classes where answers and problem sets are graded right and wrong. In

practice, getting ‘‘the answer’’ is either impractical or undesirable due to

great costs (time and money). A student reflected on this difference with

the AR simulation, in which it was harder to get the answer due to the

intricacies of the real world that constrained their investigation: ‘‘The AR

simulation really appealed to me because it felt like an activity. Like we

were going somewhere and in doing so, I think that I learned more about

the topic and I felt more like a person in the field. Although we didn’t com-

plete the exercise . . . in fact, BECAUSE we didn’t complete the exercise,

there was a lot for us to think about and the places and interviews that we

didn’t encounter left us thinking about how they would have fit into the

final conclusion.’’ The student added that ‘‘the VR simulation was interest-

ing because it was somewhat easier to see an outcome at the end. The data

could be presented with easier access and I really didn’t have to work to get

it. In this respect the VR simulation seemed a bit more like an executive

position . . . directing researchers around the field.’’

There was some consensus in class discussion that the virtual (MUVE)

version gave the players a better sense of planning the investigation,

but that the augmented reality version gave a better sense of actually
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conducting the investigation. Said one student: ‘‘Although I felt that

the process went fairly smoothly, virtual reality cannot mimic real-life

conversations and design of an environment. However, I did think that it

provided a thoughtful way to explore a problem and think about its causes

and consequences and this does not necessarily have to take place out-

side. . . . Then augmented reality is a great way to simulate, more so than

VR, a real-life experience. Being in the field enables you to get a much bet-

ter sense of the terrain that you are working with, and it allows for a more

authentic feel.’’

The problem is that the ‘‘executive’’ position is how we train students to

typically view these problems. However, actual problems don’t stand up

well under the executive model. Real problem solving involves a great deal

of trade-off and assessment of when the information is good enough. In

fact, I argue that the hard part of this problem solving is that assessment

and therefore that is what one should design these learning games around.

The real world is messy and imprecise. Games are an excellent way of cap-

turing the decision-making process that one most employs to navigate this

incomplete picture. However, virtual environments that are purely digital

can do precisely the opposite and convey that everything is exact and

knowable to many digits of precision. Even when that data has variability

it may be perceived as accurate to users who interact with that environ-

ment. The augmented data comes embedded in the real world, which is

known to be irregular and imprecise. Situating augmented reality games in

that world gives players the expectations that the game incorporates the

‘‘unknowability’’ of the real world.

This lesson was indeed learned by some of the ED players. In an inter-

view after the game one of the players was asked what the most important

thing was that she learned from the game. She responded, ‘‘That it’s diffi-

cult (and time consuming) to be able to pinpoint the source of problems,

but that it’s important to keep going until I can come up with a reasonable

explanation.’’ This kind of learning, this meta-reflection on problem solv-

ing, is what we strive to create and often only hope we can attain. In this

case, the student was able to define a goal of ‘‘reasonable explanation’’ in-

stead of ‘‘the answer,’’ a much more authentic goal.

What is interesting is that even when students preferred the virtual en-

vironment, they gave a nod to the influence of the real environment on

their learning and problem solving. One student stated that the virtual
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environment ‘‘seemed very far removed from reality—[I] didn’t care as

much about the problem because the contaminated water was just on the

screen.’’

This indicates that in games such as this, when the outcomes have com-

plex rationales involving scientific as well as social, economic, legal, and

public policy implications, that the augmented reality version can capture

many of those real consequences, while maintaining simple design, in a

way that can’t be touched by virtual environments. In other words nothing

can provide a sense of reality like reality.

The Authenticity of Roles

While I cover both authenticity (chapters 8 and 10) and roles (chapter 9)

later, it is interesting to note the differences in how the players felt about

their roles in the virtual and augmented environments. Authenticity has

deep connections with learning and motivation. Learning must be thought

of as an interaction between the learner and their environment, including

both the physical environment and the other people in that environment

with whom they interact (Lave and Wenger 1991). Brown, Collins, and

Duguid (1989) argue that transferable learning cannot take place outside

of an authentic context. It is only through communities of practice around

authentic problems that learners can begin to acquire understanding.

Shaffer and Resnick (1999) describe four different views on what authen-

ticity means in learning activities: (a) materials and activities aligned with

the world outside the class room; (b) assessment aligned with (what stu-

dents really should learn from) instruction; (c) topics of study aligned with

what learners want to know; and (d) methods of inquiry aligned with the

essential practices of the discipline.

They further describe the notion of ‘‘thick’’ authenticity, which com-

bines all four of these elements, and argue that an activity can really only

be authentic when it combines all four.

It seems clear that there are degrees of authenticity that vary based on

the degree to which they match these four elements. While I later discuss

what defines authenticity, what is clear is that to at least some extent, au-

thenticity is in the eye of the beholder (Barab, Squire, and Dueber 2000).

More specifically, authenticities lie in the learner-perceived relations be-

tween the practices they are carrying out and the use of these practices
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(Barab, Squire, and Dueber 2000, p. 38). The benefits of the authenticity

of an experience may only matter if the person involved in the activ-

ity becomes aware that the experience truly feels authentic. We as the

designers of Environmental Detectives created everything to be nearly

identical in these two environments. The dialogue from the characters,

tools that the players could use, and all of the information to which they

had access were the same. However, the interactions between the player,

the activity, and the environment is uniquely determined by how the

player sees themselves in the context of the activity and the environment,

and thus these ‘‘identical’’ exercises may convey radically different authen-

ticity to the player. Some of this difference may be attributed to the intan-

gibles that come along for free in the real world—the pedestrians walking

by, the sounds and smells in the environment, or memories associated

with particular locations that are evoked when people experience them.

But this may also be from a physical and mental feeling of doing the

same activities that a real person might in these situations. Thus aug-

mented reality goes further in capturing what Dewey (1938) might classify

as an experience. While actual real-world activities—for example testing the

levels of chemicals in a body of water—may also provide a great sense of

authenticity, they cannot practically teach about certain topics. Teaching

about environmental engineering needs to involve more than taking sam-

ples from surface water; it should involve the practices, tools, techniques,

and thinking of environmental engineers, or the best approximation that

we can get.

We might compare the use of environmental data taken from PDAs in

this activity to similar activities using probeware (Tinker and Kracjik

2001). Using handheld probes attached to PDAs students can collect data

about the soil, water, and air. This data (e.g., salinity or dissolved oxygen

in water, pH in soil, or ozone in the air) is much like the data environmen-

tal engineers must collect. In that way, these activities are authentic. How-

ever, they are not typically set in the context of a real problem to be solved.

It is not a part of environmental engineering practice to just go around and

collect data. Instead, such practice is conducted in the cause of trying to

solve a problem. This ‘‘method of inquiry’’ creates a radically different

activity, one in which the participants must collect, evaluate, and apply in-

formation qualitatively differently.
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In contrast, the augmented reality experience helps players feel like envi-

ronmental engineers. One element of this is the planning for real space and

real environments. As one ED player noted, the augmented reality environ-

ment ‘‘created a great sense of trying to solve a ‘real’ problem. Because we

had to physically walk from one place to the other, it was critical to make a

plan and revisit our plan during the process.’’

The simple act of walking from one place to another, a process that is

very hard to accurately simulate in a virtual environment without becom-

ing boring, gave this player a sense that this was a ‘‘real problem’’ that

needed to be solved. So one sense of authenticity was planning that required

taking reality into account.

Players also reflected on what it was that made them feel as if their role of

environmental engineer were authentic. Designers of virtual worlds often

attempt to convey that sense of authenticity by connecting the player to

the avatar. They let the player dress the avatar up in the role as they see ap-

propriate. Or they make the avatar look like the player so that the player

can see themselves inside of the game. They become embodied in the game

itself.

Virtual worlds go to great lengths to allow this customization to create a

deeper connection between the avatar on the screen and the learner be-

hind the controls of the game. This connection is much easier to create in

an augmented reality environment, though sometimes that connection is

misunderstood. I was a member of a panel at a conference recently that fea-

tured presentations about both augmented reality and on-screen virtual

worlds. The discussant challenged all of us panelists about the degree to

which we allowed customization of the personas that people portrayed in

our game environments. The virtual world panelist described the ‘‘avatar

designer’’ that they had in their game, which permitted changing the ava-

tar’s clothes to match that of the player or the role that they were portray-

ing. Players could even let their male character dress as a female if they

wanted. When it came to describing similar features in our augmented

world, we said that we get the clothes that exactly match those of the

player for free. If you want to match the look of the role, there is a second-

hand costume shop not far from campus where players could go. And yes,

if they wanted to, we’d let a male player dress as a female if they chose to

come to class that way that day.
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The fact is that environmental engineers in our game look like ‘‘regular

people.’’ The important thing is to see an environmental engineer who

resembles yourself, not necessarily making yourself look like some stereo-

typically crafted professional. The players in the augmented reality game

used the experience to feel like they were environmental engineers (or en-

vironmental detectives as they sometimes referred to the role, as the name

of the game conveyed).

One player tried to articulate the elements of the real world incorporated

in the augmented reality game that made them feel as if it were authentic:

‘‘It was really cool going to the construction site and taking a toxic sample

and then moving over to different buildings and conducting interviews

with various people on campus. I like the physical distances traveled to

‘gather’ the data. I truly felt more like a detective in this environment—

the technology aided in this feeling.’’

Another player felt more absorbed in the augmented reality world, com-

menting that ‘‘the augmented reality situation felt authentic to me (when

everything was in working order). The MUVE, however, felt like a game

and as a result I had a hard time taking it seriously. I found it much easier

to be ‘absorbed’ by the augmented reality simulation—I relished playing

the role of an environmental scientist.’’

This player also referred to the connection with decision making and tak-

ing the game ‘‘seriously.’’ Players take the decisions seriously, which influ-

ences what they ultimately might decide to do in this situation. They

cannot arbitrarily weigh factors and place judgment. They need to take

into account all of the information that they have and decide accordingly.

In some instances the jump from the player’s real role in life to the role

portrayed in the game was too big a leap. In these instances, the players

might take intermediate steps toward feeling the authenticity of the role.

That is, they feel like the situation is authentically based on some more

proximate role. One student felt ‘‘like a cutting-edge MIT student running

around with the handhelds—I felt like I belonged there. The GPS / map

overlay was cool too. Again the task was rooted in understanding.’’ While

this comment would seem strange coming from an MIT student, in fact it

came from a student from another nearby university, typically less associ-

ated with that techno feel.

While this example is meant somewhat in jest, it does suggest that these

games can create small steps in perspective taking, if not giant leaps into
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the actual roles they are meant to convey. We may not in fact expect stu-

dents to take giant leaps in these single instances of the game, but they

may be coached along a progression of such experiences over time to really

see themselves in these roles. Nonetheless, there is likely to be learning

from even these small steps.

Face-to-Face Communication

One final note on the differences between the real and the virtual imple-

mentations of ED has to do with forms of communication. With the rise

in capabilities of online meeting systems, and the coincident rise in hassle

associated with airline travel, the airlines have started to run commercials

emphasizing the value of face-to-face visits with friends, family, and clients.

Face-to-face visits can certainly convey the value of relationships, but they

can convey much more as well.

Studies (Klemmer, Hartman, and Takayama 2006) show that less-

constrained styles of interaction can not only enhance communication,

but also are associated with better thinking as well. The social interaction,

both within groups and between groups, is a critical component of these

activities, both on line and off. Allowing people to freely communicate

through whatever means they choose (gestures, tone of voice, facial expres-

sions) influences the interactions between the players, and further may

affect their thought processes during the game. Methods of virtual commu-

nication are improving through more realistic avatars, video chat, and

enhanced audio. At the same time people are adapting to these new modes

of communication with their own forms of expression (e.g., emoticons ;-)),

but it will be quite some time before we can fully capture the experience of

meeting face to face.
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8 Location Matters: The Role of Place

When discussing the value of handhelds in education one day, someone

told me that he saw two great uses for them, ‘‘those in which location

doesn’t matter and those in which it does.’’ While it is easy to see the world

in such dichotomies, this division makes more sense than it appears to at

first glance.

Mobile devices are a good fit for applications that can take place any-

where at any time—that is, those applications for which location doesn’t

matter. One might want to check one’s email, jot down a thought, commu-

nicate with a buddy, or see the latest news headlines. The uses for hand-

helds are ubiquitous and not tied to any particular location. They can

happen on a train, waiting in the doctor’s office, on the way to a meeting,

or as the case often seems to be, while in a meeting. These applications

are sometimes classified as productivity applications, and are content-

independent. They are of generic utility and are not tied to any particular

subject matter.

On the other hand we have applications for which location does matter.

These applications might give you the time that the next train will arrive at

the station you’re at, tell you restaurants that you might enjoy in the

neighborhood, or tell you the history of that same neighborhood. For these

applications location is critical. It is much less relevant to know what res-

taurants you might like that are not nearby, or the train schedules of some

other train line. The user’s current location is one of the key inputs to these

applications. The other key input is some category of activity with the

system—transportation, dining, or tourism in these examples. That makes

these applications content-specific. While some sophisticated systems may

actually deduce what it is that you want to do by your location (e.g., if you

are walking near the train at the end of the work day then you probably



want transportation information), most actually rely on the user to specify

a particular category of content.

It seems intuitive that augmented reality handheld games would neces-

sarily fall into this latter category of applications for which location is im-

portant. But I’ll argue that this is not necessarily the case. In fact there are

two categories of augmented reality games, those where location matters

and those where location doesn’t matter. This is related to the principles

of heavy and light augmentation from the previous chapter, but provides

its own distinct insights into augmented realities.

Transporting across Locations

When designing augmented reality location-based games one needs to con-

sider the location to which they are bringing the games. At the very least

the games require new maps and spatial positioning information (outdoors

that would be GPS coordinates). Providing this level of customization

requires some design and planning. If the space is very small you might be

able to simply find a place that is clear of any obstacles, making sure to

avoid accidentally positioning a critical point in the middle of a pond or

building, making it inaccessible. As spaces get larger the designer needs to

take into account additional information about the space. How big should

the space be? What will the likely paths between points be? What obstacles

should be avoided (or incorporated)? How well will the location be known

by the players?

When we started to bring Environmental Detectives to new locations we

needed to consider these questions. The first two places that we moved ED

to were a nature center in the Boston area and a secondary school with a

reasonably large and diverse campus, also in the Boston area. At the time,

Google Earth and other satellite or aerial imagery were not ubiquitously

available, so we needed to obtain maps from other sources. Even if Google

Maps were available, however, I suspect that the nature center staff would

have chosen alternative maps, as they wanted to emphasize particular

aspects of the landscape for which contour maps are more appropriate.

Similarly, if one wanted to emphasize particular buildings, satellite imagery

might not be the best choice, for the contrast of schematic maps can show

the outline of buildings more clearly.
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The first case was that of the nature center. We actually started our de-

sign with a hand-drawn map that identified particularly important aspects

of the landscape, as identified by an environmental educator at the site. We

then overlaid that hand-drawn map with the locations of buildings (shown

in light rectangles) or other easily identifiable traits in the environment

that we would use as identifying marks for the interviews (shown in dark

circles), both shown in figure 8.1. An additional constraint on ED is plan-

ning the course of the spread of the toxin that is the focus of the data sam-

pling in the game. The game incorporates real rates of flow through the soil

Figure 8.1

The first-draft schematic map of Environmental Detectives, showing the locations of

important buildings and geographic markers.
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and groundwater, so we needed to have a space that was of sufficient size to

contain the spill.

Once we got a sense of the space, its assets, and landscape, we could

reposition all of the interviews and information from the university-based

version of ED to the center’s location. The university president’s office be-

came the Audubon Society headquarters. The site near the Charles River

became a site near a pond. Several elements had direct parallels, such as

the library and facilities buildings, which made porting those trivial. We

also had to grab the GPS coordinates of three of the four corners of the

map to input into the system, and scale this to the contour map that was

chosen by the center staff as a good representation of the area. The contour

map was particularly relevant because the site contained places that were a

part of two different watersheds. Land on one side had water flow into one

watershed, while land on the other side caused water to flow elsewhere.

This meant that the location of the spill of the toxin was critical and could

send it to two entirely different places. Certainly here, even as far as just the

map was concerned, location mattered.

We went through a similar process at the second site, the school campus.

We chose a space of comparable scale and identified buildings that were

similar in nature that could be functionally mapped to buildings in the

other two scenarios. Again, even as far as the map was concerned, location

mattered. We didn’t just choose arbitrary points to represent the different

buildings, but systematically found buildings that made sense in the con-

text in which we were using them. The school happened to have a great

aerial map of the site that we could use for these purposes, though it had

to be scaled and rotated to fit with the GPS coordinates that were measured

at the site. What resulted from these transformations were three maps

as shown in figure 8.2, with the first being the original university-based

game, the second at the nature center, and the third from the school

campus.

The students demonstrated that the locations also mattered to them. As

they planned their routes and their investigations, they had to take into

account many of the factors that had been anticipated in the design—how

Figure

3

8.2a–c

Maps of Environmental Detectives at different locations. Each of the maps empha-

sizes different aspects, whether it is (a) the layout of buildings; (b) the topography;

or (c) the foliage and landscape.
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to get from one point to another, how the information from one point

might help them in determining where to go next, and so on. The location

of information was perhaps the single most influential factor in students’

planning of the investigation.

Here one group of high school students decides where to go in their in-

vestigation of the site:

Stacey: Did they tell us to go to a specific place? Like what is the Audubon thing? So

if I can find it on the map [meaning the paper map] then I can find the box near it.

Gina: It says you want to go to the toxicologist and you can find information at

headquarters.

Stacey: Audubon Headquarters?

Gina: Yeah.

Stacey: Where is that?

Gina: How they dealt with it, . . . Where are we going now? There is another close

one [interview].

Stacey: Let’s go to that one [pointing to the learning center]. We just traipsed

through a field.

Louis: I like how he [the character in the video] was standing up there [pointing to-

wards the house] and reading it.

Gina: Yeah, I know.

Louis: He got to stand at the house and we had to stand in the water [in the field].

Stacey: I know. I am so wet.

Louis: My socks are so wet.

This group (notably a high school group on a field trip to the nature cen-

ter) takes strong cues from location as to what they should do next. They’d

like to obtain a nearby interview (using proximity as a cue) and they’d like

to not get their feet wet (using features of the actual landscape as a cue).

While these may not be used in the ideal way that we as designers in-

tended, they are certainly highly influential in the decision making of the

students playing the game.

Relocating Content

The connection of the interviews to local buildings made the space easier

to navigate. When a player saw the real sign that said Library, they could

use that information to predict what kinds of resources that place might

hold. It also influenced the way the players navigated the game space. But

114 Chapter 8



that alone was not sufficient for ED to make sense in a new space. The orig-

inal backstory concerned the discovery of chemicals in the groundwater

during the construction of a building on campus. It challenged the players

to deal with the legal and health ramifications for that location, which took

into account things like where the groundwater went, the size of the cam-

pus, and the presence of surface water (a river) that was used by the public.

The use of the chemical in question also needed to make sense for that lo-

cation. Simply placing that identical story in one of these other locations

would have made it seem out of context.

Relocating this game to a new location involved rewriting the narrative

to make sense in it. It meant thinking about what parallels could be made

between the places, and also involved using the unique features of those

new places to attach the game better to the new location.

The nature center turned out to have two unique features. First, it was

a working farm. The livestock on the farm drank water that came from a

pond in the middle of the nature center. We used this as a replacement for

the groundwater on the university campus. The second feature was that it

used to be a NIKE missile base (before it was a nature center). It turned out

that it was only a command and control center. The actual missiles were

located elsewhere. But that provided some rich and interesting history for

the location. It also meant that we had a real red herring that we could

build into the game. The introductory story for the nature center then

went as follows:

Hello. My name is Pete Nomenson. I am the one who hired you to research the envi-

ronmental issues. Thank you for coming to Drumlin Farm today. We’ve brought you

here to do a standard environmental investigation of this site before the state pur-

chases it to turn it into a working historical farm.

Normally, this would be a routine job. I wouldn’t expect to find anything. But the

local veterinarian, Karen Richmond, tells me that she’s seen a lot of sick cows and

pigs coming from this farm—more than you would normally expect. This site was a

NIKE missile base until the 1970s, so there were all kinds of crazy chemicals and stuff

stored here. Heck, it could be anything.

My hunch is that the source of the animal illness is something in the groundwater

or maybe the soil. I don’t trust those underground silos one bit. Around the farm are

permanent wells and bore tubes used to sample the water systems. I’m not so sure

how they work; you should talk with one of the scientists over in the Hathaway En-

vironmental Library. Or, you can just head out there and start collecting samples.

I want you to prepare a report detailing the current status of the farm. I want to

know: What, if anything is causing these deaths in farm animals. Is this site safe
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to turn into a farm that is open to the public? If there is anything wrong, what

caused it, and how hard will it be to clean up?

Fortunately, there are plenty of scientists on site who know a lot about the history

of this site, chemistry, and animal husbandry. Please keep in mind that our main

goal here is to ‘‘determine if this land is worth buying.’’

The school site also had some interesting features. There were very old

buildings that had mysterious histories. There was varied use of water

at the site—groundwater for some purposes and public water supply for

others. School staff also had some incidents in the past with illegal dump-

ing on the edge of their campus that could also be incorporated into the ED

story delivered by the headmaster. The backstory for this site then became:

Thanks for your quick response. I am glad that you could help us with this important

environmental issue. We need you to conduct a thorough investigation on the

Nobles campus.

Normally, this would be a routine job. I wouldn’t expect to find anything. But the

water chemist at the water treatment plant across the road from Nobles tells me that

he’s seen some surprising results on some routine water tests—higher levels than you

would normally expect. We sometimes hire contractors who use different types of

chemicals on campus, and I suppose it’s possible that these chemicals may

have somehow affected the water supply. Fertilizer, machine oil, paint, cleaning

fluids. . . . Really, it could be anything.

And remember, we’re talking about well water here. Nobles gets its drinking water

from the town water supply, and that’s tested constantly to ensure that it’s safe to

drink. But something is wrong with our well water, which we use for the sprinkler

systems and the swimming pool, and that’s showing up in these tests that the water

chemist ran.

My hunch is that it’s something in the groundwater or maybe the soil or some-

thing. This was once a farming community a hundred years ago. There are a number

of private wells in some backyards around here, and of course the Dedham-

Westwood Water District treatment plant is just across Bridge Street.

It would be a good idea for you to meet with Leslie Chen, the woman who oversaw

the digging of the wells across the street at the water treatment plant. I believe she’s

at Baker [Hall] right now and can tell you how to obtain the well samples you’re

likely to need. Or, you can just head out there and start collecting samples right

away.

I want you to prepare a report detailing the current status of the campus. I want to

know: What, if anything, is causing these high readings? Is the campus ground water

supply safe? If there is anything wrong, what caused it, and how hard will it be to

clean up?

The format of the report will be a written assessment of the points above, and you

should be prepared to participate in a class discussion of your findings and analysis.
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Fortunately, there are plenty of scientists and faculty and staff members on site

who know a lot about the history of Nobles, chemistry, and the physical layout of

the property. Please keep in mind that our main goal here is to ‘‘determine what hap-

pened, and why.’’

Each of these games was about the location, not just held at the location.

To further attach the game to the place, we shot pictures and video on lo-

cation so that players felt the characters in the game were really there. In

most cases we used the names of real people who worked in those roles at

those sites. In one video I role played someone who worked with the farm

machinery. That video was shot in the location that students would be

seeing the video (figure 8.3). Players often remarked on these photos and

videos, talking about ‘‘the guy from the place we saw earlier’’ or other refer-

ences to people actually being in particular locations.

Transporting to New Users

Each of the audiences that ED was designed for had different experi-

ences and learning objectives. Taking this into account, we redesigned

Figure 8.3

A video sample from Environmental Detectives shot on location at the site. The

background shows some of the farm machinery used in the story.
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documents to be shorter and more digestible for younger students. Simi-

larly, for this age group interviews were often more concise, only telling

the most relevant details. This worked very well for the students playing

this game on their own campuses. Both the university students and the

private school students readily engaged in problem solving and wanted to

find the best solution to the problem, even when finding that solution

turned out to be too complex a task. These findings have been echoed in

other augmented reality game implementations. In other games with con-

nections to the environment, Squire and Jan (2007) found that students

who knew an area well successfully applied preexisting knowledge and

feelings about a locale to a complex problem, and in turn transferred that

understanding back to real-world issues.

The students at the nature center had an entirely different experience. If

we have one mantra in the design of our location-based games it is, ‘‘It is

not a scavenger hunt.’’ The key to a successful augmented reality game is

challenging the players to solve complex problems using the combination

of real and virtual information. While collecting information at the sites is

critical to solving such problems, it is the connections between those pieces

of information that make this a powerful learning experience. Making

those connections, however, may be a function of how much the players

know or care about the space in which they are playing. The students at

the nature center were on a field trip to a place they had only learned about

remotely. It was not their community, and they felt no particular connec-

tion to the landscape or to the place. In many ways, it was somewhat of a

hybrid between the real and virtual experiences of the previous chapter. It

was a real space in which they saw a real landscape, people, and animals,

but they were disconnected from that reality by being dropped into that lo-

cation for a few fleeting hours.

As a result, for many of the students in this scenario, the game became a

scavenger hunt (Klopfer and Squire 2007). Rather than seeking connections

between the pieces of information in order to solve a problem, it was just

about hoarding that information. It was about ‘‘collecting the dots,’’ in-

stead of ‘‘connecting the dots,’’ which makes seeing the complete picture

impossible. When two teams encountered each other in this game they

compared notes not on the content of the information that they had

found, but the quantity of information.
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Karen (team 2): How many [interviews] did you get so far?

Louis: None, nothing.

Stacey: We’ve only gotten one box. How many have you got?

Karen (team 2): One so far. We were going for another one.

Bill (team 2): Three. Oh. You meant the boxes?

Gina: Did you dig?

Bill (team 2): Yeah.

Gina: Can you dig anywhere?

Bill (team 2): Yeah. I think so—I did.

Gina: Cool. We got an interview. That’s all we did. We don’t have much time. We

have to go.

This interaction had the feeling of a scavenger hunt not only because the

students were merely collecting boxes, but also because they were competi-

tive about the number of boxes that they have. These teams could have

helped each other by sharing information, but instead they only compared

what percentage of the task they had completed. Later the team assessed its

success in this activity, reflecting again on the number of boxes that they

had:

Gina: I am so happy that we have at least one box.

Louis: Yeah.

Gina: And we have that it is the TCE chemical. That is what they think it is, so we

have something to say. I am quite happy about that.

Here they do reflect on the content of that box, but never engage in pro-

cessing this information by connecting it to the place or the data samples

they collected.

When considering why these students were not able to engage in the

‘‘real’’ part of this augmented reality, we can look to additional parts of

their background and behavior. While the dialogue was tailored to their

level, and they were briefed on the scenario beforehand, this class had little

culture of engaging in ‘‘hard problems’’ and likely needed additional scaf-

folding to effectively take on this task:

Cynthia: How are we supposed to make recommendations?

Ling: I don’t know.

Ethan: Just read off of the information that we got.

Cynthia: I thought we could dilly dally but we actually did work.

Ethan: For once.
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Additionally, there was a culture of ‘‘efficient learning.’’ This was an

Advanced Placement class in which there is a lot of material to cover in a

relatively short period of time. Under such circumstances most approaches

favor ‘‘efficient learning,’’ packing as much content as one can into the

year. This in turn means a lot of lectures or activities in which the informa-

tion is packaged for students in an easy-to-understand way.

In reflecting on the activity afterward, one of the students suggested that

the game was not a particularly efficient way of conducting the activity.

Nick: We didn’t get to read everything, because we were just going (snaps three

times)—boom, boom, boom—running and getting chased by a guy with a knife . . .

well, it was metaphorical knife. Maybe we could have all of the people in one room

and talk to them all like around different places in the room.

Their teacher asked if Nick thought that running this all in one room

would have been better than the outdoor experience. The student further

emphasized the importance of efficiency in conducting such learning activ-

ities, but then gave a pointer to the fact that there may be value to the

game taking place outside:

Nick: It would be more efficient, but maybe the point of it is to go out and walk

around and see everything too. I don’t know what the objective is, but if the objec-

tive is to get all the info real quick, then the best way is to do it here [in one room].

This team expressed that they didn’t know what the purpose of the out-

door portion was, and that if they were simply expected to learn the infor-

mation it would have been more efficient to give it to them. This failure to

put the different pieces together—the physical environment, along with

the virtual information—seems to have contributed to this team’s failure

to make sense of the situation. This confusion was not universal among

the students in this class. A student on another team suggested that she

had used some information gleaned from the outside in her assessment of

the situation.

Maya: The way the water traveled? If we were up on the hill and the water would go

down . . . so we thought if it was the water contaminating down.

There are several lessons to glean from the design and implementation of

these games across locations. First, and most generally, this case demon-

strates that it is hard to undo the classroom culture of efficiency. With

many demands on teachers, students, and schools to perform on vast, com-

prehensive standardized exams, many educators have chosen the path
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focusing on the most efficient instruction in their classes. Many existing

classroom technologies are designed to support this usage. Students use

the technologies for rapid access to information, an important and neces-

sary skill, but one that is insufficient in the current world. That information

needs to be contextualized and processed. That part takes time, and prac-

tice. Jumping into complex problem-solving spaces may work well for

students who already have at least some skills in defining problems and

performing open-ended investigations. But students without those skills

may just flounder. This is as an indication that future environments should

be designed with additional scaffolds to help students along in their inves-

tigations. While such support may be as straightforward as contextual help

or intelligent agents, it could also come in the form of a more dynamic en-

vironment that could, through the events of the game, guide students

along a path or multitude of pathways and provide them with more direc-

tion when it is needed and less when it is not. Some of these features are

incorporated in games discussed in later chapters.

With regard to augmented reality games, the real world plays a more sig-

nificant role in the game if the specific place already has meaning to the

players. If we think of the place as a key element of the narrative, the phys-

ical attributes of that space alone can provide some meaning to the players

in terms of what they can observe on site. Players might be able to obtain

meaning from looking at the natural or manmade landscape, observing

people or animals moving about, or being able to ascertain certain proper-

ties based on the community. However, if the players have previous knowl-

edge or experience with that place, all of that meaning is brought to the

game-play experience. This may convey deeper meaning for the place,

while it also may bias the players in certain ways. It may be possible to de-

sign games that rapidly create a connection between the game, the player,

and the place, but previously existing connections are key elements to de-

sign with or around (in the case of bias).

The Localization Spectrum

The heavy and light augmentation spectrum (see chapter 7) provided one

way in which to look at augmented reality games in terms of the relative

amounts of real and virtual information that were used by players in the

games. Another, and complementary, way to look at these games is by
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how tightly the games are connected to a particular place. This localization

spectrum defines the portability and specificity of the game along a contin-

uum from lightly localized (highly portable and quite general) to heavily

localized (of limited portability and quite specific).

At one end of the spectrum (lightly localized and highly portable) would

be very generic games dealing with topics of broad interest. A game

designed by one of our partners comes close to this end of the spectrum. It

is an X-Files-type paranormal scenario, and works equally well just about

anywhere. At the other end of the spectrum (highly localized with difficult

portability) are games that are rooted in the history, context, and geogra-

phy of a particular location. An example of a game at this end of the spec-

trum is one that a student of mine built about a historic battle that is

played on the battlefield.

There are trade-offs inherent in the design of games along this spectrum.

Games that are highly portable can be quickly transported from one place

to another simply by providing new location information (maps, GPS coor-

dinations, etc.). This makes them more easily scalable and distributable.

These games must minimize the amount of local information to achieve

such portability. The real world is primarily a playing board. Yet these

games provide a kinesthetic and spatial component for learners to whom

that appeals; the real world may just be a playing board but it is an interest-

ing one that will have some meaning to the players because of their prior

experience with the locale. It also permits much of the same interaction

that the participatory simulations allow—social interaction, face-to-face

communication, and group problem solving.

Games that are highly specific to a particular location can incorporate a

lot of detail about the real-world location. Buildings, people, smells, sounds,

and even feel can become a part of the game, allowing for tight connec-

Figure 8.4

The spectrum of lightly to heavily localized games corresponds with the portability

and specificity of those games.
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tions between the player, the game, and the real world. A tight connection

between the location and the game also provides a stronger potential for

authentic games—games in which the activity conducted is much like a

real-world practice. Games about local history, geology, populations, or

the environment can be designed to take advantage of these unique assets.

Much of the authenticity in these cases comes from the less tangible

aspects of the real world that are inherently incorporated in these games.

It is what makes the players in the augmented reality game weigh factors

differently than those using a purely virtual environment. The cost is porta-

bility. These games cannot be moved from place to place without a lot of

customization, or perhaps reauthoring.

I argue that the sense of authenticity, brought through the interaction

with the real world, has a powerful impact on learning. Shaffer (2006) has

described what he calls epistemic games—games designed to recreate the

reproductive practices of particular fields. Reproductive practices are what

particular fields do to train new people in those professions. It may be

internships for doctors, moot court for lawyers, or some form of apprentice-

ship for carpenters. Each profession has those practices. To the extent that

these practices are reflective practices (Schön 1983, 1987), they can be ap-

plied not only to train future professionals in those fields, but also to have

other learners participate and learn about subject matter as if they are those

professionals. Thus learning about anatomy as if you are a doctor is a more

powerful way of learning that particular subject matter than learning

it from a text. This does not mean that one must actually be trained to

be a doctor, but participating in that reflective practice helps one learn

the content. For example, students could learn functional anatomy from a

textbook and diagrams, or even dissection of a rat, but they are more likely

to gain a better understanding of functional anatomy if they were to

role play as doctors studying medical information that related to that same

content.

Shaffer refers to this discipline-oriented perspective taking as an ‘‘episte-

mic frame.’’ There may be many types of experiences that can recreate such

practices. For example, many schools used the Model UN simulation in

classes to teach students about government and politics. When those expe-

riences take on the qualities of games, they become ‘‘epistemic games.’’

These are games that necessarily place the players in roles in which they

must take on the reflective practices of particular fields. Through these
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epistemic games novices learn about the content in a deeper, more effective

way. The applied fields, represented by most of the roles in these aug-

mented reality games, fundamentally differ from the traditional ‘‘think

like a scientist’’ activities of the classroom (Squire and Jan 2005). Corre-

spondingly they offer uniquely interesting problems for the students to

solve, and frames to view them through.

Epistemic frames can only have an impact on learning if the person sees

themselves in the role that they are playing—this means the game effec-

tively creates the simulated real-world experience for the player. If the

game is unable to do this effectively, then it loses its impact. The examples

earlier in the chapter showed that players in the augmented reality world

felt as if they were environmental scientists or detectives. While it may be

argued that the duration of this experience was too short to truly create an

epistemic frame for this audience, it demonstrates that it came close to

doing so. Consequently, through that lens, or epistemic frame, the players

made decisions differently than do the players in the virtual world who

were not looking through that lens. Thinking as an environmental scien-

tist, a player might weigh the scientific, social, and political ramifications

of such a decision in one way; thinking simply as a person playing a game

in a classroom they might weigh factors another way.

The closer the game experience is to reality, to really feeling as if the

player is a member of the designated community of practice, the easier it

is to create that epistemic frame and enable learning. I argue that tech-

nologies that create experiences that vary along the light to heavy aug-

mentation axis and the heavy to light localization axis should have

corresponding variations in how authentic they are and how well they cre-

ate epistemic frames (figure 8.5). A lightly augmented, highly localized

game is the closest approximation to the real world and is likely to create

the epistemic frames with the highest magnification. Adding more digital

representation and removing the role of reality make the experience more

abstract and virtual and lessen its impact.

These scales are of course relative. The augmentation required to repre-

sent any particular domain is in and of itself quite variable. Some fields

may require a lot of virtual information to reasonably approximate the

practices of that field. A fast-paced game tracking a source of radiation

might require more virtual data than one about geology. Similarly, certain

domains may require more localization than others. A game about local
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history might need more than a game about air quality. With enough work

and technology those digital representations can be quite realistic, maybe

even approaching real-world realism. But the real world still has the virtual

world beat in terms of feeling authentic to users, through multiple senses

and intangible and serendipitous additions. As Klemmer, Hartmann, and

Takayama (2006) stated, ‘‘Designing interactions that are the real world in-

stead of ones that simulate or replicate it hedges against simulacra that

have neglected an important practice.’’

However, there is one additional factor that arose in the nature center

version of the game ED. It is not only the degree to which the game is tech-

nically localized and connected to a particular place, but also how much it

connects the user to that place. While the game itself can help create that

connection (it is possible to do much more than we did in this example),

some of it comes only from previous experience and knowledge of that

place. So the extent to which a highly localized game impacts the authen-

ticity of the experience for the player is mediated by the player’s knowledge

of the place. The y-axis in the previous diagram may more accurately be la-

beled ‘‘Player’s Connection with the Locality,’’ which is a function of the

localization.

Figure 8.5

The two-dimensional space defined by the degrees of augmentation and localization

interact to produce epistemic frames with corresponding strength.
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This raises interesting design questions. Is it more effective to have a por-

table and less localized version situated in a place that players know well

and can bring a lot of experience to? Or is it better to have a highly local-

ized game about a place that the players have little connection to? This

choice is the dilemma we faced in one of our projects on bringing aug-

mented reality games to middle schools. We had two designs to decide be-

tween. One design was to create highly portable (less localized) games that

could easily be brought to each school site. Since most of the schools in the

study were urban schools with small campuses, there wasn’t a lot about

their locations that could be customized. Similarly, since these games were

being run by teachers we couldn’t ask them to put in a lot of work custom-

izing each game to their site; alternatively, we could bring the students to a

fixed site with a highly localized game developed for it. The trade-off here

was that this created a field trip model, which based on past experience was

less likely to have players connect with the place.

While the learning gains associated with both designs will take some

years to assess, their constraints are having a strong impact on what kind

of game is developed and the content of that game. Highly portable games

cannot have content that is deeply connected to the place. These games are

most suitable to ‘‘far’’ role play. These are roles that are not much like (i.e.,

far away from) real-life roles. The game designed by my colleagues (Chris

Dede and Matt Dunleavy at Harvard University) in this case was known as

Alien Contact. It was an X-Files-type government conspiracy game with a

supernatural dimension in which students needed to use math and careful

critique of documents to determine whether aliens had landed at their

school. This model is similar to that used for Savannah (Facer et al. 2004),

which could be dropped down on any ‘‘football pitch’’ (i.e. soccer field)

available. The counterpart to this game, developed by a different set of col-

leagues (Kurt Squire and his group at the University of Wisconsin), was

known as The Beach. It was set at an environmental station in an urban

area to which classes could go on a field trip. Like Environmental Detec-

tives, it involved investigating environmental contaminants with possible

human impacts in a sensitive area. This game is much closer to being au-

thentic in terms of the roles played and connections with real-life practices.

Portable games lean towards being more fictionalized than do highly local-

ized games.
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The trade-off is that in the field trip model, despite being deeply con-

nected to the game, the players are not deeply connected to the place. As

a counterpoint, in the highly portable games, the games are not very well

connected to the place, but the players are. Perhaps the result is no net dif-

ference, or perhaps one of these factors is more important than the other.

This is an important guiding question for the future of research in aug-

mented reality and learning.
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9 Authentic Outcomes

The team enters the medical center and the doctor asks the receptionist sit-

ting behind the desk if she has seen anyone complaining of avian flu in the

last few minutes. The receptionist, more bothered than concerned, brushes

off the question and continues to work. But the team is not deterred. The

technician on the team responds that there is nothing to worry about, and

that they are only passing through to pick up some additional masks

and viral testing kits. The team hoards as much as it can find, but some per-

sonnel on the team are already overloaded with antiviral medications and

other protective gear. Team members also don’t find as many of the field

test kits as they had hoped so they’ll have to collect samples and later

send them off to the lab instead.

They hurry out of the medical center and back toward the dorms where

they had identified a student who had either a bad case of the common flu

or perhaps avian flu. On their way there, the technician exclaims that she

just noticed she is starting to feel feverish and has the chills. The group

panics. Should they stay away from her? Or isolate her in quarantine? Do

they need to get her medication immediately or is it best to identify the

source of her illness? And what about the other patients that are waiting?

Has the technician already spread the disease to others, maybe even other

team members?

This scenario of a potential outbreak, or one like it, has repeatedly come

to the attention of the public through news reports and even popular cul-

ture. As scary as it is, it is also intriguing and filled with opportunities for

problem solving, understanding of science and medicine, and a lot of data

collection and analysis. It is the kind of scenario that keeps public health

officials up at night, but in the case above it fortunately is only a game.

This group succeeded in many ways in the game (members had already



identified someone as a possible source for the disease) and failed in others

(at least one person in the group had themselves become sick). So, did this

group ‘‘win’’ or ‘‘lose’’? How do we define its success at this game?

Quantifiable Outcomes

In chapter 3, I circumvented concisely defining what a ‘‘game’’ is in favor

of a more functional definition in terms of what we can appropriate for

classroom use. However, in designing games there are particular properties

that we may seek to incorporate because they facilitate a game-like experi-

ence. For these purposes we do not want to circumvent those definitions,

but rather extract the important components that allow us to design learn-

ing environments that harness these critical elements of games.

Many definitions of game include specification of ‘‘quantifiable out-

comes.’’ For example, Salen and Zimmerman (2003) define a game as: ‘‘a

system in which players engage in an artificial conflict, defined by rules,

that results in a quantifiable outcome.’’

This is a fairly concise and widely held definition of a game. It is consis-

tent with many definitions held by scholars, and perhaps more impor-

tantly it is consistent with how many students and game players define a

game when asked. Note that the conflict of which they speak need not be

a conflict between players, but a conflict for a player to resolve to get to

some goal. The rules may also be as complex or simple as one wishes. I re-

member many an afternoon spent reading the rules of the Avalon Hill

board games before we ever understood enough to begin playing. Other

games have quite simple sets of rules, and correspondingly simple play

(like Tic-Tac-Toe) while the previously mentioned Nomic makes a game

out of the rules themselves. The last point, quantifiable outcomes, is some-

what openly defined. Salen and Zimmerman discuss the meaning of this

criterion in the space of role-playing games (RPG), which bear a lot of sim-

ilarity with the augmented reality games discussed in the previous chapters.

They conclude that it all depends on the context. An RPG may not be a

game in the sense that there is a single overarching goal towards which

players work, but it does consist of tasks that may or may not be achieved.

The success of completing or not completing each of these tasks may in-

deed be quantified (you either did or did not retrieve the sword from the

ogre). They go on to say that RPGs may become more game-like through
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the addition of a competitive scoring structure, or less game-like by focus-

ing more intensely on narrative.

Similarly, Juul (2003) includes quantifiable outcomes among the six nec-

essary features of games, which include:

1. Rules

2. Variable, quantifiable outcome

3. Value assigned to possible outcomes

4. Player effort

5. Player attached to outcome

6. Negotiable consequences

So there are indeed three (in italics) of the six elements of a game that

focus on outcome here, with one specifically being quantifiable outcomes.

Juul further specifies that those outcomes must have some value assigned

to them. This value may be explicitly stated in the rules or definition of

the game, or implicitly through game play. Some outcomes are positive

and some outcomes are negative. The fifth piece of Juul’s definition associ-

ated with outcome is that the players are attached to that outcome. This is,

as he defines it, a psychological connection through which someone might

feel good or bad (or better or worse) about different outcomes. In discussing

these definitions with gamers, many disagree on this latter point, that the

players must be attached to the outcome. This is not a definition of a

‘‘game’’ they argue, but rather of a ‘‘good game.’’ Many gamers say that

they have played plenty of bad games and that they couldn’t care less

about whether they won or lost them. Yet by all accounts, they are still

games.

I’ll additionally take to task the idea that there must be values assigned to

the outcomes. Or at least I’ll take to task the notion that the game must do

this in some way. As Salen and Zimmerman allude to in The Sims, while it

is not overtly a game in that it has no explicit goals, many players turn

it into a game by defining their own. What The Sims provides is a way for

the players to assess their own goals. It does this through a variety of quan-

tifiable feedbacks, an array of meters that lets you know how you are doing

in a variety of categories. You have access to information on your income,

savings, job, friends, and family. All of these can be used to help the player

assess their success in obtaining their goal, thus making The Sims a game.

This capability to use information from within the game to define goals
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and assess outcomes is perhaps a more generic way of defining the role of

outcomes in games.

Too often, designers instead interpret quantifiable outcomes as objectively

quantifiable outcomes, and in turn use the most straightforward definition

of quantifiable outcomes as a way to incorporate this feature into their

games. This means including a score and ways of accumulating points. For

many genres of games, points and a score become the sole objective of the

game, and in these contexts score is a useful and productive construct. In

other contexts, however, score is much less meaningful or even counter-

productive. In our efforts to create authentic learning environments out of

these game spaces, adding a score would be at odds with the authenticity

of the space. Authentic tasks require authentic assessment. This is particu-

larly germane to the activities that we conduct, in that defining the appropri-

ate goals is a key component of the games themselves. In Environmental

Detectives, players needed to decide whether to protect the university’s

image or to protect the university from legal liabilities. On even more local

scales, players needed to decide what kind of information they valued and

how they thought they could maximize that information.

To learn constructively, it is essential that players define their own goals

and assign their own values to those goals. In these previous games, the de-

gree to which players met their goals could only be partially assessed by the

players themselves. They knew how much information they had gotten

and had some way to assess how much information was out there in total.

They could also define their goals in terms of the criteria that they chose to

satisfy (legal, ethical, medical, etc.). However, the missing piece was how

well the plan they put in place met those goals. So a player suggesting that

the university plant trees to remediate against the problem, get rid of the

chemical, and protect the university’s reputation had no in-game way to as-

sess how successful that plan was in accomplishing those goals. Instead,

that came through situating the game in other assessment contexts. In

some cases this was done in role, with players presenting their case to a

jury or a scientific board that assessed the feasibility and viability of their

plans. In other cases this was done out of role as more traditional class pre-

sentations assessed by the teacher. These outcomes were quantified, and

ideally this could be done in a predictable, consistent fashion (perhaps

through rubrics). But in many ways, the quantifiable outcomes aspect of

the game was weakened by the variability of this approach, and the fact
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that it was difficult for players to determine in-game how well they were

progressing toward meeting those goals. It would be more effective if the

players had feedback along the way that helped them assess or even rede-

fine their goals, in a way similar to The Sims.

Outbreak @ the Institute

One way to provide useful dynamic feedback to the players in the game is

to couple the simple underlying models used in the participatory simula-

tions with the authentic real-world game play of the augmented reality

games. The primary challenge in coupling these two approaches is creating

a consistent, coherent world in which multiple players can exist in real-

time. This meant not only using underlying models to define the world

players would inhabit, but also defining that world in a centralized way.

Thus we defined a client-server architecture for playing augmented reality

games. This created a single coherent world that would keep players

synchronized in real-time, instead of the multiple parallel worlds that were

part of the outdoor-based AR games.

In merging the features of the participatory simulations and the aug-

mented reality games, we also chose to merge the contents of our past

experiences with these games. We created a game known as Outbreak @

the Institute that combined the virus modeling of the Virus game, along

with the public health and role-playing aspects of the AR games.

Players of Outbreak @ the Institute participated in a fictional scenario:

the outbreak of an emerging disease on a university campus. Specifically,

they were confronted with an outbreak of a new form of avian influenza,

or bird flu, which was very dangerous because (in this fictional scenario) it

had become transmissible between humans. Several students had come to

campus from around the world for an international robotics competition,

and some were already exhibiting flu-like symptoms. Players could encoun-

ter both bird flu and the common seasonal flu, which have very different

outcomes but can be difficult to distinguish in the early stages. The players

had to work together as a team in the roles of diverse professionals to

gather information and use the tools available to them to contain or stop

the outbreak as best they could.

This particular scenario involving bird flu was chosen for several rea-

sons. First, it was an issue of great public interest and concern. The public is
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bombarded by images and articles on the spread of bird flu between birds

and people, as the media plays on people’s fear of a global pandemic. Inter-

preting this information can be a challenging task. This activity builds on

that interest and hopefully provides valuable skills in making more sense

of current and future dilemmas. Additionally, the community of epidemi-

ologists and public health experts, recognizing the importance of the gen-

eral citizenry being better informed about emerging diseases, provided

valuable input and feedback in the design of the game with respect to mod-

els, content, and practices.

As mentioned previously, Outbreak @ the Institute differs in several fun-

damental ways from the previous outdoor GPS-based AR implementations.

The positioning is done via Wi-Fi, in a very coarse way, resolving the

player’s location down to the room that they are in. Other implementa-

tions of Wi-Fi positioning (e.g., the Wi-Fi system made by Ekahau) promise

much finer-grained resolution. But in practice, without a lot of specialized

equipment, at this point in time there is too much variability in Wi-Fi sig-

nal strength to consistently provide better results. Like our previous games,

our goal was to use commercial off the shelf equipment, so requiring addi-

tional proprietary locative technologies, or even limiting to a particular

kind of network was not considered. Resolving location to the room level,

however, was fairly straightforward. Each Wi-Fi access point has a unique

numerical identifier. We associated each room with a ‘‘signature’’ of access

points; that is, we identified a specific subset of access points that could be

seen within a particular room. If the player’s machine saw ‘‘most’’ of those

access points then the game put them in that room. This method is highly

portable and can ultimately be used by people in a variety of locations. It is

much less sensitive to changes in Wi-Fi arrangements and particularly to

the presence of radio frequency interference (namely people).

The wireless positioning permits much of the same interaction as the

previous outdoor AR games. As players move from building to building, dif-

ferent virtual characters appear on the screen of their PDAs. Players can

then take actions such as interviewing the virtual characters to get textual

clues, video, audio, or documents. But the important difference is that the

server tracks the status of all players, allowing them to interact in a single

virtual world, so that the actions of one player can affect all the others. At

one level, this keeps the players in a single coherent world. If a player sees

an item in the room (figure 9.1a) and that player picks that item up, it will
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Figure 9.1a–c

Screen shots of Outbreak @ the Institute, showing the dynamic display of items (a)

that can be picked and used by players (b). The display also shows the status of the

players and NPCs (c).
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not only disappear from their screen, but will also disappear from everyone

else’s screens. Once that item is in the player’s possession they may use it

in a variety of ways. In the example, in figure 9.1b the player has picked

up a surgical mask and can put it on, or put it on one of the real players in

the room or even on one of the nonplayer characters (NPCs). In addition to

giving the players a consistent and more authentic view of the world, Out-

break @ the Institute challenges them to use a common set of limited

resources. Players who choose to hoard items might be able to protect

themselves, but would not help in an effort to distribute resources around

so that they can be used where needed.

The constraint on resource distribution connects to another learning

goal associated with limiting resources: enhancing collaboration. When

items were limited only at the level of player, there was little incentive to

collaborate around those resources. Constraining resources across players

encourages conversation about them: Who should have the resources,

where should they be positioned and who currently has them?

The most important difference that the single worldview permits is an

associated underlying model for the whole world. This model allows the

players to not only design solutions to the problem, but to test them as

well. In this case, an underlying probabilistic model of disease transmission

is used to create realistic patterns of infection. Each player and virtual char-

acter has an antigen count, representing the number of virus particles (or

titer) in their body. This quantity is not directly visible to players in the

game; but, as the quantity increases, the player’s health level (which is vis-

ible) drops. This is one form of data that players can use to assess their

progress—their own health, the health of their team, and the health of

the group as a whole. Seasonal flu and bird flu have different equations gov-

erning how their antigen counts change over time. Players can infect other

players, players can infect virtual characters, virtual characters can infect

players, and virtual characters can infect each other as they move around.

Each of these interactions is modeled by a probability dependent on their

antigen counts and the amount of time they spend together in a room.

A player’s status includes her current health, shown by a meter which

decreases if she becomes infected with a virtual disease, and her inventory

of items picked up during the game. Those items include a range of preven-

tive, curative and diagnostic tools, as well as a variety of evidence that

players might use to contain the outbreak. The player’s health is affected

136 Chapter 9



by her disease state (modeling which, if any, disease she has and how far it

has progressed), time, and medicines. Game items, such as diagnostic test-

ing kits and vaccines, are scattered around the virtual landscape, as well as

being in the initial possession of some players. These items provide specific

functionality and may be restricted in use by role (see figure 9.2).

Players join the game in one of three possible roles, each of which have

different abilities in the game. We chose to have three roles, since with

small numbers of students in each class, we could create enough diversity

in roles to encourage jigsawing of complementary information, while also

providing some redundancy where information may be missed. The three

roles that we chose were as follows:

Medical doctors can use the various types of medicine in the game to treat

players and virtual characters. The medicines include palliatives (which

reduce symptoms only), vaccines (which prevent infections), and cures

(which stop the course of disease).

Field technicians can diagnose diseases. First, they use a sampling device to

take a blood or mucus sample from another player or virtual character.

They put the resulting sample into an analyzer, which reports the presence

Figure 9.2

Game items can be picked up by players and used on other players, NPCs, or

themselves.
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or absence of a disease. False-negative readings are possible due to a thresh-

old for antigen count before it can be detected and due to error built into

the analyzer, representing its inaccuracy.

Public health officials can quarantine virtual characters. There is a special lo-

cation in the game representing a quarantine room, in which diseases are

not transmissible. The public health officials can use a special item that

allows them to transport a virtual character to the quarantine room.

Game Goals

Players are not given specific criteria for ‘‘winning’’ the game. Instead, they

have only the loosely defined tasks of gathering information and contain-

ing or stopping the outbreak, and a limited total amount of time to play. As

a result, players must decide for themselves what their goals should be

throughout the game. Allowing the students to define goal states, rather

than specifying them, creates a more realistic situation in which they

must evaluate trade-offs and decide on a satisfactory balance. In the group

meeting at the end of the game, students are given the opportunity to

discus the information gathered (for example, scientific knowledge about

bird flu, and hypotheses about which virtual characters were initially

infected) and estimate their degree of success in containing the outbreak

based on their observations of which real and virtual characters got sick.

The lack of specific criteria for winning makes the game more like real-

world problem solving tasks, which are often ill-defined. At the same time

students are given ample data to help them assess their own success. For

example they can assess their own health, their team’s health, the total

number of players sick, the total number of virtual characters who got

sick, the extent of the illness across individuals, the time taken to track

down the initial infected person, or even how they utilized resources like

quarantine tickets or medicines.

Audiences and Authenticity

Outbreak @ the Institute has been played with a number of diverse audi-

ences, ranging from high school students from an urban school to univer-

sity students to professionals in training in a graduate school of public

health. Each of these audiences entered the activity with an obvious differ-
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ence in skills and background, but also with differences in expectations as

to both what and how they should learn through this game.

The students from the graduate school of public health were the first to

go through the activity. The students were all in a class on epidemiology

that contained practicing physicians, public health officials, and nurses.

They acted as a check on the authenticity of the game.

The computational models underlying the game were relatively simple,

but quite accurate. We adapted current models to explain how the virus

would develop within people (and NPCs) and spread between people.

Each medicine and vaccine that was available also was based on currently

accepted models of how they interacted with the virus load within the

individuals, and subsequently how those affected the person’s health and

their probability of transmitting to other players. Protective equipment

was also modeled to provide the level of protection that is typically asso-

ciated with each of the items, which in general is less than perfect

protection.

What was not explicitly modeled was the process one should use to track

down and contain the outbreak. Players were given little instruction on

how they should play the game, other than the technical aspects of what

each player was capable of doing. They needed to figure out whether it

was best to work alone, in small teams, or in one big group. They needed

to figure out whether they should concentrate on minimizing the total

number of people infected or limiting the extent of infection within the

most advanced patients. And they needed to figure out how to protect

themselves as well as their patients. In other words, we created an environ-

ment in which one learned about managing an epidemic based strongly on

constructivist principles of learning.

This form of constructivist learning was somewhat foreign to the public

health students. They were initially uncomfortable with having to define

their own goals and their own structure for solving this problem. They

stated that they would have preferred a designated leader to be put in

charge who would give everyone orders and tell them what to do. That

well-defined command and control center is something that they had

come to expect in a crisis situation. Not having that structure put them

out of their comfort zone. I would argue that this was successful in two

regards. First, taking the players out of their comfort zone provided them

with a good learning challenge to establish effective structures in the
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absence of them being provided. Secondly, it provided the players with an

opportunity to construct a network for managing this situation that may

be better than the usual command and control structure. Perhaps such a

structure was a legacy system, a remnant of previous technologies and

problems. Or perhaps the old structure was indeed better, but this provided

a way to discover why it was better and appreciate the ways in which it was

better.

In the end these students confirmed the authenticity of managing this

crisis. When asked about the initially undefined structure for managing

the crisis one of the students responded that it was ‘‘realistic. You have to

‘think’ about everything yourself. Life is not as clearly structured as a

homework sheet with all data available.’’ And more generally another stu-

dent added, ‘‘This was first hand, like being on the ground actually investi-

gating a hot spot (which some of us have done). More often, we learn from

other people’s experiences; often making the same mistakes again.’’

The role-playing aspect of this game took on a unique meaning with this

particular group since the roles that they were playing were very familiar.

Sometimes the players (by chance) played roles that they actually played

in real life, while other times they played a different role. Walking a mile

in someone else’s shoes often brought new insights. Someone playing a

doctor who was not a doctor in real life said, ‘‘I am not an MD [the role I

played], so I learned how to interpret information from interviews and de-

cide what to do. Also I learned to make sure that I was protected (surgical

mask, etc.) when interviewing potentially infected people! We were also

spreading the disease potentially more than it would have been otherwise.’’

However, someone who was a medical doctor in real life and played an-

other role felt ‘‘restrained to not have full [normal] function or ability,’’

yet came to appreciate ‘‘the team approach since we had an MD, field tech-

nician, and public health official in a group.’’

Many of the students commented on one particular aspect of the realism

and authenticity of the game, namely that it was much harder to apply

what they had learned in textbooks and lectures when they really felt like

they were dealing with a crisis. ‘‘I liked the feeling of ‘real life’—getting an

idea about the difficulties of logistics, limited resources, importance of com-

munication and coordination.’’ In fact some of the students found that the

situation sometimes felt ‘‘chaotic’’ (or like ‘‘herding cats’’ as one of the stu-

dents described) and that many of the other players were making poor deci-
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sions that would in turn affect them. ‘‘It was interesting to see how under

some stress people just wanted to start quarantining anyone with symp-

toms! Points to the importance of protocols!’’ This is exactly the kind of

learning that the game was designed to create. Rather than specifying pro-

tocols and having the group take them for granted, they began to learn that

such protocols were important.

The chaos that many of the players talked about was tightly linked to the

players’ own concerns about getting themselves or their teammates sick.

The problem changed from something abstract that they could handle

using their knowledge, to something personal that they cared deeply

about. So, with some verification of the authenticity we could examine

how students use this environment to set and assess their own success.

We could see how students balanced goals, and how those played out over

time. In other words, we could see whether these students could use the

feedback from the models to make this a game.

Assessing Success

As might be predicted, many students entering the game set fairly clear

goals of ‘‘containing the disease’’ or ‘‘making sure no one gets sick’’ or

even ‘‘learning about bird flu.’’ We asked students to define their goals at

the beginning of the game, when they had been briefed about the scenario

but not yet played the game at all, and then again at the end of the game.

They were given another opportunity to define their goals and then rank

them in order. At the beginning of the game their top three goals were:

1. Learn about bird flu.

2. Learn about strategies for responding to a disease outbreak.

3. Keep myself from getting sick.

These first two goals may have been influenced by what students expect

from an activity in school: to learn about content. Those goals, however,

would be hard to assess in the context of a game. After playing the game,

their goals had shifted from content-based learning goals to a more prac-

tical and easier to assess set of goals:

1. Keep myself from getting sick.

2. Keep my team from getting sick.

3. Find out who was sick first.
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These revised goals were easy to assess—their own health and the health

of their immediate teammates. They learned that these are practical con-

siderations: if you don’t have your health what do you have? They also

focused on one particular piece of data that they determined was practical

—who was sick first, referred to as Patient Zero by epidemiologists. Identify-

ing Patient Zero is one of the most critical pieces in helping to contain an

outbreak. This was not taught to them explicitly in the game, but working

through the network of contacts, and finding out how quickly it had spi-

raled out of control led them to conclude that they should really have

that piece of information.

When asked why they shifted their goals, one of the students responded:

‘‘I think, just going based on memory, I could be wrong but I think I was

more so focusing on strategy [initially], and keeping people from get-

ting sick. But more so today I was focusing on keeping myself from getting

Figure 9.3

Students’ ranking of goals before and after the game show an increased preference for

self-preservation.
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sick, keeping my team from getting sick. I think keeping my team from get-

ting sick was a lower priority than it was this time.’’

The student added, ‘‘I think it was because when we were all together, it

was kind of like, you’re getting sick, oh no, I have to help you, and then

also, like, wait, you’re getting me sick, too! So, you know that part of it be-

came an important thing. And then also as we were interacting with more

and more people, if we found people who weren’t sick, you know that was

fine, but then we found people who may be sick, like, they were going to be

around like a big crowd of people, then it became more important to keep

them from getting sick, because then it would spread even faster.’’

This student has shifted from a noble goal of keeping everyone from get-

ting sick to a more personal goal of keeping themselves and their team from

getting sick. This is partially out of wanting to protect themselves, but also

comes from an understanding that if they are sick and moving around a lot

and interacting with other people, then they could be spreading the disease

far and wide. This is reinforced by another student who added: ‘‘I think it

was more like I saw myself getting sick, well me and [my friend] Krystal,

and we cared more about ourselves. Then when we tried to get [sic] her

from spreading . . . we just kept getting sicker and sicker. So treating our-

selves was more important.’’

So while these motives may be looked at as selfish (protecting yourself)

they also may be seen as critical in helping to solve the problem. Protecting

yourself is also one expression of an understanding of the connectedness of

the system, and the importance of single individuals. This isn’t just about a

system, it is about a collection of people, any one of which could be highly

important. As one student said, ‘‘I didn’t really know how like one person

going to one place with so many people could affect so much. Like I knew

it but I didn’t think it was like really [important].’’ This is a fundamental

understanding of the dynamics of the system, and an indication that stu-

dents are using the feedback from the system model to help them redefine

and assess their goals.

So did this ultimately help the students define their own success? And

what was that definition? We asked the students if they were successful,

and they were able to point to specific indicators of that success. Said one:

‘‘Yeah, I think we were fairly successful, because the one person, because,

we only found one person who was sick. But when we found them, we
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told the doctors, and the doctors got them medicine, and we also got out

of that room, so we wouldn’t get sick. And then, um, and we ourselves,

when we got sick, we told the doctors to you know give us vaccine, but we

kept getting even sicker, and we didn’t understand why, but once we left

the room, and they gave us a vaccine again, we were fine. So they treated

us again. So I guess maybe because we were in the room with sick people

it still wasn’t helping, I don’t know. That could have just been in my

head, I don’t know. But, so, we were pretty successful because we only

dropped maybe halfway in our health, then we got healthy again. And

then you know there wasn’t like a large outbreak of people, we only found

one sick person and then we got that under control, so I think we were

pretty successful.’’

The student here has defined success in terms of measurable numbers of

people who got sick, their response to them, and the impact on their own

health. They have also indicated that they have begun to understand the

dynamics of the system (‘‘because we were in the room with sick people’’).

At the same time, many of the students were cognizant that there were

limits to their success, that they could have done better in the game.

Remarked one student: ‘‘[Were we successful?] I mean, yes and no. We

never did find the start of everything. We only found one person that was

infected. There could be more people that were infected. So, that’s all I

know.’’

One unexpected theme in this group’s assessments of success were mea-

sures of how well they coordinated, collaborated, and communicated with

each other. As one student put it: ‘‘Yeah [we were successful], it was like we

were working with the other groups, and then, we’re just like able to com-

municate and work together to find out what’s happening and what to do

about the NPCs.’’

This idea of communicating and working together was pervasive

throughout many of the player’s definitions of their success within the

game. That definition connected strongly with the idea that the players

were successful if they played the roles well. They were successful when

they were working like doctors, technicians, and public health officials.

One student said: ‘‘I think we were mostly successful because right after

we figured out how to analyze the blood tests and everything, we would

do it to everyone and ourselves. And then since we were with the doc-

tors we told them [the players in other roles] right away to give us
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some vaccines, and then we got better. So I think we were pretty

successful . . . because we worked together. So we would give them the

masks and the doctors would vaccinate them or give them a pill or

something.’’

So their success is measured by how well their performance matches their

expectations of the role itself. The game play is motivating them to achieve

a more effective epistemic frame. They are striving to better meet the

expectations and practices of the role that they are playing.

While the game doesn’t directly report how well the players are fulfilling

their roles, it does provide evidence that they can use on how they respond

to situations, how they use their resources, their own health, the health of

their team, and the health of the NPCs—these factors are all dependent on

how the players are responding to their roles and to the situation.

These responses can also be observed in the behavior and language of the

players in the midst of handling the crisis:

Rebecca: I’m going to start interviewing people since I’m the doctor and that is

what they do.

Miguel: Harry is a SARS researcher and he has a low fever and is sweaty.

Rebecca: Does it say what he researches?

Steve: Did you notice that there are masks here? Respirators.

Miguel: Should we use them on ourselves or other people?

Rebecca: Let’s use them on Harry.

Steve: He may or may not have the illness that we are concerned about.

Rebecca: Why don’t I interview them since I get the health status [when I receive

interviews].

Miguel: But you might get different things [in your interviews], since we’re different

roles.

[Incoming over walkie-talkies]: Iago just tested positive: we [public health officers]

quarantined him.

Rebecca: Does someone have a test kit? We should test Harry.

[Incoming]: Iago should be quarantined and Cindy should as well.

Miguel: Can we call for a field technician to do a test on Harry?

This exchange shows that the students are appropriating the aspects of

the roles that help guide them in their behaviors. They understand the

interrelationship and interdependency of their roles. The doctor knows

what she needs to do in the situation (interview patients), and the public

health officials (PHOs) radio in that they too have taken the actions that
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are associated with their role (quarantine). Finally, they don’t have a field

technician present but realize they need one to analyze samples. These

actions are what team members will later use to assess whether or not they

have done their job successfully.

Quantifiable Outcomes Revisited

Looking back to Juul’s definition relating to outcomes, it includes ‘‘variable,

quantifiable outcome,’’ ‘‘value assigned to possible outcomes,’’ and ‘‘player

attached to outcomes.’’ The model underlying Outbreak @ the Institute

allowed the players to define their own quantifiable outcomes, typically in

terms of their own health, the health of their team, and the health of

NPCs. Combining those metrics with their use of resources, and the re-

sponse to that use (in terms of health and spread of disease) gives them

good evidence to quantify their success within the game. There is clearly

some value preassigned to the different outcomes—getting sick is bad and

staying healthy is good. But through the game the players ascertain what

being ‘‘completely’’ successful might be. Is it possible not to get sick at all?

Is getting sick, catching it in time, and getting better just as good? The

players clearly take on the ability to assign that value. Finally, the players

are indeed attached to the outcomes. From the players’ rankings of their

goals, they have shifted from a series of meta-level goals to concrete and

very personal goals. They don’t want to get sick, and they don’t want their

friends to be sick. This may be only a game to the players, but that is saying

a lot.
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10 Designing for Collaboration: Roles and Game Mechanics

There are few clues left behind. Whoever did this knew what they were

doing, and what the police would be looking for. Still, everyone leaves be-

hind a trace. And there are only so many buyers for stolen artwork, even a

classic such as this one.

Police officers are everywhere, hitting the streets to take statements from

witnesses who may have seen something—a strange car, some unusual

noises—anything out of the ordinary. Other officers seek experts who can

tell them about potential buyers of this artwork, as well as how the thief

or thieves might have committed the crime. Forensics experts are combing

the scene for fingerprints, and scanning for fibers from clothes or even an

errant hair that may have been shed by one of the perpetrators. Those sam-

ples are sent back to the lab where experts in microscopy examine the

fibers and attempt to do DNA analysis of biological samples that they have

found. Computer analysts are scanning databases trying to match details

from this crime with other recent crimes, criminal records from recent

criminals, and the origins of the one piece of equipment that was left be-

hind. All of this information is collected in a central repository that is

accessed via phone calls, secure Internet access, and mobile devices in real-

time. The first twenty-four hours are the most important, and with six of

those gone by already, this massive team needs to work quickly.

In another corner of the globe, a group has assembled just outside a cave.

They too have a puzzle to solve. In this case they’re trying to figure out if

they’re going to retrieve the sacred Orb from the depths of the cave that is

known to be inhabited by a herd of orcs (nasty monsters).

One of the scouts has returned, and unfortunately has not had success in

finding alternative entrances to the north. He did, however, see evidence

in the form of fresh footprints that at least some of the orcs may be out for



a hunt. A while later another scout returns; although she has not found an

alternate entrance, she has found what appears to be a weak spot in the

cave that could be penetrated by someone with digging experience. Two

dwarves head back out with the scout to investigate that possibility, taking

along with them several others with battle experience in case they are suc-

cessful. In the meantime the rest of the group prepares for a frontal assault.

Two guides using cloaks will lead the way, one down the path to the east

and the other to the north. The goal is to try to pick off the orcs one by

one, for the group doesn’t have a chance if the orcs counter-attack en

masse. Each orc will be stunned by a magician of the group, immediately

pelted with arrows by an archer, followed up by hand-to-hand combat. If

anyone finds evidence of the Orb they will communicate their position

and the group will join them.

While both of these narratives are fictional, they represent the kinds of

collaboration and role specialization that are required in real-world prac-

tices (the first narrative) as well as in a virtual world of role-playing games

(the second). These players could have been engaged in tracking down the

source of an emerging disease, locating a problem on a power grid, or opti-

mizing the design of a new car. It isn’t just large tasks that require such

skills. In fact, players could have also been determining a slowdown on a

company’s intranet, prepping a pitch for a new ad campaign, or planning

a new office building. Many of the challenges and problems that we face at

work and in our lives must be solved collaboratively. While the Informa-

tion Age has allowed each person to become increasingly specialized in

what they do, at the same time they must be able to adapt and interact

with a diverse range of people with other skills.

So how does the raid on the orc cave compare with modern challenges in

the Information Age? In massively multiplayer online role-playing games

(MMORPGs), people must adopt these same techniques. Each player devel-

ops particular specialties that makes them unique and valuable on a team

( Jakobsson and Taylor 2003; Steinkuehler 2006). These games, such as

World of Warcraft, Everquest, and Lineage, require players to form teams

(or guilds) that are assemblies of players with the right mix of skills to solve

the problems of these worlds. Each problem (e.g., slaying a monster, pro-

tecting a castle, retrieving artifacts) is much too difficult and immense to

be tackled alone. Instead they require players to form these guilds, many
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of which are long-lasting, and build relationships and team skills. The

game does not specify how the problem must be solved or what skills

might be required. Instead, the guilds themselves must determine the right

skill set and how to coordinate its members (which often number in the

dozens).

Given the importance of collaboration in the real world, as well as the

benefits of collaborative learning, experts are starting to explore the learn-

ing that goes on in MMORPGs. There is evidence of team building, social

network formation, and expert communication (Steinkuehler 2004; John-

son 2005; Yee 2006) that emerges in these worlds, not only during the in-

tense critical moments of such games, but also in the spaces in between

when players are working to form their teams and their relationships.

Other experts are starting to explore how MMORPGs can specifically be ap-

plied in education, creating MMORPGs for learning (Dede et al. 2004;

Eustace et al. 2004; Barab, Warren, and Ingram-Goble 2006; Galarneau

and Zibit 2006). For example, Barab’s Quest Atlantis provides a multi-user

virtual environment (MUVE) in which middle school students take on so-

cially minded quests while learning academic content.

In a related example of a MORPG (multiplayer, though not ‘‘massive’’),

my colleagues created a game called Revolution (figure 10.1), about Colo-

nial Williamsburg on the eve of the American Revolution. This game was

an extensively ‘‘modded’’ (i.e., customized through a toolkit) version of

Neverwinter Nights, a classic medieval role-playing game. The goal of Rev-

olution is to either get the revolution to occur (if you are on that side) or to

stop it from occurring (if you are on the other side). Each of nine roles in

the game (including blacksmiths, carpenters, and even slaves) must decide

what their interests are (based on their role descriptions) and how they can

contribute to the cause. The main weapon that each player possesses is in-

formation. They talk to each other and to NPCs to convince them of their

case. The game is only ‘‘complete’’ when one player of each role is engaged,

as they each hold a critical piece of the puzzle.

Collaborative Learning in Augmented Reality

The goal of many of our AR games has been to capture authentic learning

opportunities from engaging in games in real spaces. Given the importance
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of collaboration in real-world practices, our priority is making sure that the

game is structuring collaboration is critical to its success in achieving these

goals. Additionally, the game may be both more enjoyable and a more pos-

itive learning experience if it is structured around collaboration, as in the

style of MORPGs.

Barab, Warren, and Ingram-Goble (2006) describe the educational

MMORPG Quest Atlantis as blurring the boundary between what is game

and what is real (Salen and Zimmerman’s [2003] ‘‘magic circle’’), by bring-

ing real-life content into the game world, and considering the impact of

game events on the real world. This form of play keeps players in their

‘‘Zone of Proximal Development’’ (Vygotsky 1978), using the playful na-

ture of the world to structure tasks that are just beyond the edge of the

player’s expertise.

In our AR games we strive for a similar goal, blurring the ‘‘magic circle’’

even further through play in the real world. As seen in some of the pre-

vious examples, players incorporate much of their real-world surroundings

into their game play. This structure allows learners to tackle difficult real-

world problems and tasks in a playful manner. Sitting between MMORPGs

and real-world collaborative problem solving, AR games occupy a perfect

Figure 10.1

The MORPG, Revolution, required players to collaborate as they worked to influence

the American Revolution.
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place to incorporate collaboration as a core game dynamic, further blurring

the magic circle between game and real-world practice and learning. How-

ever, our initial attempts at fostering collaboration in AR games were not

particularly successful. Over successive iterations of AR games, we per-

formed design research experiments to enhance the in-game collaboration

through a stronger emphasis on role playing and more sophisticated game

dynamics.

The evolution of the role of roles within our AR games demonstrates the

pivotal nature of this component of game design for learning. In examin-

ing this evolution, we adopt a collaborative learning framework ( Johnson,

Johnson, and Holubec 1994), which specifies positive interdependence,

promotive interaction, individual accountability, interpersonal and small-

group skills, and group processing (see table 10.1), as the necessary compo-

nents of collaborative learning.

It is of note that many MMORPGs match well with this set of criteria.

The basis of such worlds is the ability to communicate and collaborate

with other players to solve problems. These worlds simultaneously rely on

collaboration and build collaborative skills. Ducheneaut and Moore (2006)

describe the situated learning inherent in MMORPGs such as EverQuest

Online Adventures. There is a strong sense of communities of practice

(Lave andWenger 1991) being built as new players enter the game and work

Table 10.1

Collaborative Learning Components

Positive interdependence Group members perceive that they are linked
with each other so that one cannot succeed
unless everyone succeeds.

Promotive interaction Students promote each other’s success by helping,
assisting, supporting, encouraging, and praising
each other’s efforts to learn.

Individual accountability Each individual student’s performance is assessed
and the results are given back to the group and
the individual.

Interpersonal and small-group
skills

Students develop the interpersonal and small-
group skills required for an individual to function
as part of a team.

Group processing Group members discuss how well they are
achieving their goals and maintaining effective
working relationships.

Designing for Collaboration 151



along the periphery while more experienced players teach by example and

coaching. Specifically, they look at four opportunities for situated learning

in MMORPGs:

n In-game, in-context discussions: communication within the game within

roles

n Out-game, out-of-context discussions: communication between players

outside of the game world

n Observation: players watching each other within the game world

n In-situ teaching: experienced players explicitly teaching novices

In order for groups within these worlds to be successful they must take

advantage of these learning opportunities to train incoming players. Table

10.2 shows how the learning opportunities in typical MMORPGs align with

the criteria promoting collaborative learning.

Our initial AR game (Environmental Detectives), while promoting some

collaboration, didn’t draw on enough of these skills and consequently

didn’t match up particularly well with these requirements. As a result of

Table 10.2

Collaborative Learning in MMORPGs

Positive interdependence Missions in most MMORPGs are not goals that
can be accomplished alone, but must be done in
concert with several or many other players.

Promotive interaction Players need to boost each other’s skills so that
they are successful in accomplishing their
individual tasks. Players’ fates are tied together
and they must work with together to promote
their respective skills.

Individual accountability While missions are collective, rewards are solitary.
Each person individually collects treasures and
experience points.

Interpersonal and small-group
skills

Players must be able to communicate and listen,
as their characters’ lives depend on it. While
communication may be spoken or written (often
in shorthand), it is important that each player
understands the others.

Group processing Hordes are transient, breaking up and reforming
with new players as necessary. In regrouping,
they must decide who to keep and who to replace
based on past experiences.
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refinement and redesigns, successive generations fare better through an

increased emphasis on role playing and game mechanics, borrowing heav-

ily from the elements of successful games.

Generation 1: Environmental Detectives

The problem space of Environmental Detectives (ED) is quite vast. By de-

sign, no one player can obtain all of the requisite information in the al-

lotted time, and teams had to work with one another to collect data and

come up with solutions. Each team consists of two or three students sup-

plied with one Pocket PC, one walkie-talkie, a printed map, and a notepad.

Teams typically assigned one player to the Pocket PC/map, and another

one or two players as notetaker and/or communicator. This promoted

strong collaboration within teams—forcing players to work together effec-

tively for navigation and planning. In most cases, players were not specifi-

cally instructed to either collaborate or compete with the other teams in

the game, but to use their judgment in order to devise the best solution

and provide the strongest evidence. By creating this large physical space,

which can easily be geographically subdivided, we were most strongly

emphasizing positive interdependence. It should be noted that in Environ-

mental Detectives, there is no ‘‘role’’ differentiation among players and,

since all players are using the same software, they can potentially access

the same information at the same time. Table 10.3 depicts the ED compo-

nents designed to promote collaboration.

Many classes have run through Environmental Detectives in many loca-

tions (see chapter 7). Here I come back to some of that data to examine col-

laboration within and across teams in several classes, in particular looking

at one class that had previous experience and training in collaborative

problem solving and one that did not. Through these runs we have found

that collaboration within the teams was quite strong. Both groups of stu-

dents collected interviews and used sampling, though how much weight

they gave to these qualitative (interviews) and quantitative (sampling)

activities varied greatly.

Experience without Prior Collaborative Problem-Solving Training

Reexamining one team of three students toward the end of their inves-

tigation, we see how they start to evaluate what they know, and they
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grow concerned that they do not have enough information to make a

compelling case about the toxin. We pick up the discussion as they decide

what to do next:

Louis: My socks are so wet.

Camera: We should head back soon.

Gina: Yeah, it is 12:50.

Louis: How far away is the thing [place they should return to]?

Gina: Where do we have to go again?

Stacey: Alan Morgan center? That is . . . .

Louis: [Looking around.] Not around here.

Stacey: Right here [points at paper map].

Stacey: How are we supposed to make recommendations?

Gina: I don’t know.

Louis: Just read off of the information that we got.

Gina: I thought we could dilly-dally but we actually did work.

Louis: For once.

This group is representative of the somewhat superficial experience that

students had when treating the investigation as a scavenger hunt common

to many field trips. Perhaps influenced by the field trip nature of the expe-

rience, some students thought the goal was to acquire as much information

as possible and then develop the right answer. Here, late in the experience,

Table 10.3

Collaborative Learning in Environmental Detectives

Promotive interaction Moving in physical space, students working
collaboratively can cover more ground and share
information by looking at each other’s screens.
One group’s information is often evaluated on
the spot by other groups.

Individual accountability Each pair of students is responsible for presenting
their case to the class at the end of the
experience. This is often supplemented by written
arguments.

Interpersonal and small-group
skills

Groups of students communicate via walkie-talkie
to share information or pool data.

Group processing A classroom/lab space provides a shared location
where students can plan their next steps,
assemble evidence, and ultimately present their
case to the class.
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they begin to understand that developing an answer requires negotiating

and synthesizing information. Although this group shared a lot of informa-

tion and fluidly navigated multiple information spaces, much of their col-

laboration centered on game mechanics, and less on collaborating to work

through scientific dilemmas.

Experience with Prior Collaborative Problem-Solving Training

Another class with previous experience in collaborative problem solving

divided the problem space and worked together to efficiently solve the

problem. The facilitator began by asking students what they knew and

what they needed to know, and asked them to make a plan. The groups

went out and collected data, and, mid-game, decided to pool resources

and see what they had learned so far.

At the beginning, the game unfolded much as the others had, although

there was considerably more sharing between groups. In order to encourage

more reflection in situ and strategizing in situ, we planned time for the

teams to regroup and share information halfway through the activity. As

the groups came back in the room, the teacher asked the class who took

samples and who took interviews. Joan (a student) responded by asking if

they could collaborate as one big group.

Joan: Did everyone write an ‘‘x’’ where they dug their holes on the map? Do you

think we could put the whole on the map to show where we dug them?

Stacey: Do we have an extra map?

Sue: We could use one person’s map and they could become the designated map.

Or you could redraw it on the giant post-it.

The group started passing around a paper map and marking down where

they dug wells.

Sue: Maybe there are some people who might want to come up with a master plan

now. What are we going to do with this data? Do we know everything we need to

know? And then how are we going to prioritize it before we go out there? Do we

have a report yet? Do we have a sense of a report? Do we even know what’s going

on with the wells?

Joan: I have a map with readings on it. I noticed that ours were a lot higher than

everyone else’s . . . and in one of our interviews it says that as the chemical disperses

the readings get smaller. So we could probably see where it spilled.

Sue: Do you have a guess based on—

Stacey: I have the map . . . and it looks like down where—
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Joan: Our highest reading was like 81 and we have 50 something and everyone else

got below 20 mostly.

Stacey: Also, I was just reading everybody’s notes, and it says they used it in build-

ing 3, and building 3 was in our section, so I’m thinking maybe while they were

using it they could have spilled it there. But, that’s just a guess.

Sue: Okay.

Joan: Maybe they, um, tried to get rid of it through the pipes or something and it

went into the ground there.

Having raised several questions, two girls stood at the board and added to

the list of facts already started earlier in class. A map was passed around the

room, and students noted where they had found their toxins. To those

familiar with knowledge-building communities (Scardamalia and Bereiter

1991) or jigsawing (Brown and Campione 1996), the scene was quite fa-

miliar. Each student was adding what she knew toward building a more

holistic view of the problem. What was particularly noteworthy about this

session was how the facilitator, Sue, quickly receded into the background.

While she drove much of the initial conversation, the students shortly

assumed responsibility for organizing classroom talk.

The group continued sharing information for about ten minutes. A stu-

dent, Miranda, interrupted the conversation:

Miranda: Before we go back out, can we go through the names of all the interviews

and make sure that everyone’s hit one at least?

Alice: From our interview I didn’t . . . we didn’t get the name of the person, but I

think [the virtual character] said his name was Harold.

A few girls walked over to Alice’s table and showed her how to review her

interviews. Joan called out from across the room how to review the inter-

views they had already seen. As they reviewed, Stacey re-read the ‘‘About

TCE’’ resource and started reading aloud. Sue, the facilitator, instructed the

class to listen, as this might be important. Again, the girls assumed respon-

sibility for driving activity, and the facilitator’s role was to help the class at-

tend to its own productive insights.

Eventually, a handful of girls returned to the field to collect more data.

They were particularly interested in repeating measurements for increased

reliability. Using walkie-talkies, groups in the field communicated back

and forth with the classroom, which functioned as a control center. ‘‘Take

a reading by building three,’’ commanded one girl over the walkie-talkie to
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the others in the field, who seemed to enjoy taking suggestions on where

to drill for wells in order to collectively beat the clock. Although the class

had started out divided into groups, by this point it was essentially func-

tioning as one big group with smaller subteams self-organizing around sub-

sets of the main problem.

When they returned to the classroom, the class again aggregated in-

formation. The facilitator was nearly silent, as the girls polled one another

to see who was tracking the flow of TCE, if anyone found out where

TCE was used, and so on. The class began to piece together a causal

explanation:

Monica: We can pretty much tell that the spill is in this area [pointing to map].

Joan: Also, the numbers are higher on the bottom because one of the interviews

said that it slopes down to the river

Stacey: So maybe it’s up here and been there for a while and that’s why it’s sloping

down.

The facilitator reminded the girls that they needed to structure their re-

port for the university president. The girls walked through their solutions,

using charts of paper to illustrate their ideas. In an important move, the

facilitator asked the girls to present their findings as pairs (as they were

assigned), but the class declined. ‘‘We’d rather just present as a group, if

that’s okay,’’ Joan said. So, for the next ten minutes, the girls collabora-

tively made their presentation, with each girl contributing different ideas

and facts.

The differences between these two cases, the one with collaborative

problem-solving experience and the one without, shows that Environmen-

tal Detectives is structured to allow collaborative problem solving, but not

necessarily facilitate it. It is not obvious to teams that have not conducted

such activities before how they can structure their collaboration. They all

can get the same information, so it isn’t obvious why they must work with

each other. The game itself doesn’t offer a lot of hints as to how they

should collaborate or why they would need to. However, it does have a lot

of opportunities for collaboration, as demonstrated by the second group, if

players know what to look for. It is a wide-open, unstructured space that

can be partitioned geographically and conceptually. There is ample oppor-

tunity to collaborate, if one knows what to look for, but the game could be

structured to scaffold that collaboration more significantly.
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Generation 2: Charles River City

While the collaboration within groups was strong and successful in the first-

generation AR games, the collaboration between groups was limited or

nonexistent, except in the last case, which showed that promoting collabo-

ration at a larger scale requires providing additional scaffolding for col-

laborative learning. In order to promote greater collaboration between the

teams, the core engine for our AR games was redesigned. From this rede-

signed engine new games have been created. Primary among these is

Charles River City (CRC), which combines environmental science and epi-

demiology to create a large-scale investigation.

Charles River City, loosely based on Chris Dede’s MUVE River City (Dede

et al. 2004), is MIT’s second-generation outdoor GPS-based augmented real-

ity game. While the game itself introduces some key new game-play and

learning elements, it is also built on a dynamic engine that will allow

others to build similar games using an authoring tool that should be

released in the coming months.

The basic scenario for Charles River City is that there has been an out-

break of illness coinciding with a major event in the Boston metro area.

The event changes for each run of the game, so that it is based on some-

thing timely. One of the first runs started out like this: ‘‘The July 1, 2004

headline of the Boston Globe reads ‘26 More Fall to Mysterious Illness as

DNC Looms.’ A rash of disease has swept through Boston; and—with the

Democratic National Convention coming to the city in a few weeks—

citizens, politicians, and health officials are all concerned. What is the

source of the illness? Is this an act of bio-terrorism or a naturally occurring

event?’’

Players are then told that a team of experts is being brought in to inves-

tigate the problem, including epidemiologists, physicians, public health

experts, and environmental specialists. This group must work together first

to evaluate case reports and available surveillance data, then to plan and

implement rapidly an investigation to determine the cause and source of

the outbreak, assess risk, communicate with the professional and public

communities, and identify effective interventions. The team will compile

information through collection and analysis of environmental samples,

hospital records, patient histories, clinical samples, and testimony from

community members, then engage in collaborative analysis and interpreta-
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tion. The team must determine its findings and propose actions very

quickly in order to assess the risk, propose timely means to reduce risk and

treat affected persons, diminish societal fears, and work with decision

makers to design and implement a solution to the problem.

While much of the game play is similar to Environmental Detectives

(and in fact all of the capabilities of ED are also built into the newer en-

gine), including location sensing, interviewing, and data collection, the

new game offers several features that make it a more interesting and dy-

namic environment. Notable enhancements designed to foster collabora-

tion include:

Distinct player roles Players take on one of several distinct roles in the

game. These roles provide the players with special capabilities (e.g., being

able to take certain kinds of samples or receive unique information). The

player’s role also dictates what information they get from the NPCs (e.g.,

someone might say one thing to a police officer and something entirely dif-

ferent to the medical doctor).

Increased role of data beaming Players can beam data that they collect to

other players within the game. This information might be interviews that

they have collected from disparate places or differing roles, or it may be

field data that they have collected.

Cascading events Events can cause the triggering of other events. For ex-

ample, speaking to one NPC might cause another NPC to appear some-

where else on the map (i.e., an NPC tells the player about someone else to

interview). The triggering event may be something that a player experi-

ences directly or may come from information beamed to them by another

player.

Distinct player roles added several key elements. First, players receive dif-

ferent information from virtual characters depending on what role they are

playing. For example, a virtual character who is feeling sick might give a

player in the role of nurse different information than she would give to a

player in the role of detective. Second, roles have different data collection

capabilities allowing players to collect unique types of samples or access

unique kinds of data according to their role. For example, an environmen-

tal scientist might have access to water sampling equipment, whereas a

medical doctor might be able to access medical records or get vital signs

from virtual characters. Finally, since different roles can access different
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information, players can use infrared beaming to exchange information be-

tween players. For example, in CRC, a character reveals information to the

detective about a student who has fallen ill. The detective must then share

that information (via infrared beaming) with the nurse, so that the nurse

can interview the player and examine the specific symptoms and what

might be causing them. Reconsidering the criteria for promoting collabora-

tive learning, we see how these new game-play elements have enhanced

the potential for larger-scale collaborative learning.

In subsequent iterations of AR games, we have found these new features

to be effective at fostering collaboration, which in turn scaffolds a more

authentic investigation process. The fact that sharing information could

reveal new things encouraged frequent digital exchanges, which were

accompanied by pertinent discussions of game progress. Here is a typical

exchange of middle school students from an urban school in the Boston

metropolitan area playing CRC. In this particular version, there are three

roles—a doctor who can take people’s vital signs and symptoms, an envi-

ronmental scientist (Env) who can take samples from the water and air,

and a department of public health official (DPH) who has access to hospital

records and epidemiological data.

Figure 10.2

A game screen from Charles River City shows the player’s location on a map relative

to NPCs and samples.
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Manny: I got a document that says that says West Nile Virus has the most serious

effects on people over 50.

Jane: So . . . the doctor might be the one that wants to talk to Salvadore [previously

identified older patient] since he can get his health information.

The doctor went to the location where Salvadore is and took a physical

exam. A player in the DPH role also went along.

Sal [Doctor]: I was right! He has all of the symptoms of WNV [West Nile Virus].

Tricia [DPH]: [Radios to whole group via walkie-talkie] I found Salvadore!

Sal: [Via walkie-talkie] He has all the symptoms that he carries for WNV.

This collaboration between groups continued on into the classroom

where they made their recommendations on what to do about the prob-

lem. Each one contributed information that they got on the topic specific

to their role.

Dave [DPH]: I found that West Nile Virus can make you really sick.

Tricia [Env]: Mosquitoes are all over the world so it is dangerous.

Table 10.4

Collaborative Learning in Charles River City

Positive interdependence Each team’s information is explicitly described to
them as only a small piece of the puzzle, and
they need information from other roles to solve
the problem. This sharing is facilitated by the
infrared beaming of information.

Promotive interaction Students encourage players in the other roles to
go out and get information that they know they
need but cannot get themselves.

Individual accountability Each role has access to unique information
necessary to solve the problem. Players know
which role has access to the information that
they need.

Interpersonal and small-group
skills

Sharing of information across teams via the
infrared beaming becomes a point of instruction
on how to share information and collaborate
across teams.

Group processing Groups ‘‘divide and conquer’’—with players in
their specific roles dispersing to find information
and regrouping to exchange information with
the other role players at planned times or ad
hoc, or to move around in multirole groups.
Both strategies require getting together and
planning how to move forward.

Designing for Collaboration 161



Manny [Env]: Not right now. Since it is fall there aren’t many mosquitoes out. Only

in spring and summer.

Jose [DPH]: Julia Washington [a virtual character] said that an elderly man com-

plained of swarms of mosquitoes.

Kim [Doctor]: We found the old man [Salvadore] that complained of symptoms that

could be WNV.

Dave [DPH]: There might be enough mosquitoes where it could still be a problem.

Manny [Env]: So get rid of the ones that are there.

Dave [DPH]: Get rid of all of the water that is standing around like in old tires.

Manny [Env]: And tell people to wear long clothes when they are outside.

As seen in the above dialogue, the different roles have different perspec-

tives and different pieces of the puzzle. This encourages them to collabo-

rate, which progresses into other forms of collaboration and discussion as

they attempt to solve the problem at hand.

Generation 3: Mystery @ the Museum

The use of handhelds for learning is not confined to the more formal envi-

ronments of K–12 and higher education. Museums have sought to employ

handhelds to engage visitors and learners more deeply and broadly across

their exhibits. Some museums have built upon the ubiquitous audio guides

found at many museums, and have started offering handheld devices that

allow visitors to specify exhibits for which they would like to subsequently

access additional media. Perhaps the best known example of this is the

Experience Music Project (http://www.emplive.com/visit/about_emp/tech

.asp) in Seattle, which not only provides supplementary audio content to

exhibits, but also allows users to electronically ‘‘tag’’ items that they can

then explore in more detail using a separate electronic workstation at a

later time. Other museums have also sought to offer electronic guides to

visitors that not only provide supplementary information on the spot, but

also allow them to retrieve related information later. The Exploratorium in

San Francisco has conducted a study (Hsi 2003) of visitors’ use of this strat-

egy within their science center. In this study, location-aware Pocket PCs

provided visitors with Web-based information about aspects of the mu-

seum including history, annotations, and suggested explorations. Content,

including audio, video, and text, was delivered to the devices wirelessly.

Two themes emerged in this study. First, visitors said that the technology
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isolated them. In order to hear audio they wore headsets, which tended to

separate them from their surroundings. Additionally, visitors tended to

focus on the device, taking away their focus from the rest of the museum.

Second, visitors had trouble connecting the virtual content on their hand-

helds with the real content in the museum. Despite these two shortcom-

ings, however, the visitors did say the technology encouraged them to

view exhibits in new ways and try things that they hadn’t before.

Museums have not employed these new technologies to encourage in-

teraction with other museum-goers. For the most part, as noted in the

Exploratorium study (Hsi 2003), the technologies do exactly the opposite,

fostering a more private and isolated experience. Yet the field of computer-

supported collaborative learning certainly provides evidence that collabora-

tive learning is effective in encouraging people to think critically about

important ideas, and perhaps this notion should be more seriously consid-

ered in the informal learning space of museums.

Building on our experiences with the Environmental Detectives game at

informal learning spaces like nature centers (Klopfer and Squire 2003), a

new game was designed for the Boston Museum of Science. In choosing

a target audience for the game, we settled on the core museum-going con-

tingent of families—specifically late elementary through middle school-

aged students and their parents. A primary goal was to increase meaningful

collaboration and interaction between parents and children around science

and inquiry. These goals are consistent with the recently introduced

American Association for the Advancement of Science’s (AAAS) supported

Science Everywhere initiative (hhttp://www.tryscience.org/parents/parent

.htmli).

In parallel to the previously mentioned efforts using AR simulations out-

doors, we have developed another platform to create similar experiences

indoors. This platform replaces the GPS-based positioning outdoors with

Wi-Fi positioning, allowing less precise but adequate ‘‘room level’’ position-

ing indoors. At the same time it allows the players to remain in a wirelessly

networked environment, which comes with the additional benefits of

being able to synchronize actions with a server and communicate across

distances, though those capabilities were not used until more recent games.

The fictitious premise of Mystery @ the Museum (M@M) was that a band

of thieves (The Pink Flamingo Thieves) left their calling card (a pink fla-

mingo) in an exhibit case indicating that they had stolen a priceless object
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from the museum and replaced it with a replica. The players of M@M were

brought in as a team of experts to try to solve the crime, apprehend the

criminals, and identify and retrieve the stolen artifact. Each player took on

one of three possible roles—a technologist, a biologist, and a detective—

each with special capabilities. The interdependencies among the roles en-

couraged players to collaborate throughout the game. Logistically, players

were organized as six players (three pairs) per team with each pair (parent

and child) using one Pocket PC and a walkie-talkie.

The Pocket PC used Wi-Fi positioning to determine in which room of the

museum it was. It could then provide the players with information about

dynamic virtual characters and objects in the room with which they could

interact. These virtual objects and characters in turn referred to and com-

plemented real, physical components of museum exhibits, which had

been incorporated into the story. The fundamental interactions that were

inherent to the game were as follows:

n In each room was a set of virtual characters, which could be ‘‘interviewed’’

by clicking on them. The characters would provide a monologue in the

form of text, often accompanied by pictures. The characters could move

rooms over time, and players in different roles might receive different infor-

mation from the characters (i.e., a character might tell something quite dif-

ferent to a detective researching a case than to a biologist). Many of the

virtual characters referred to other exhibits or rooms.

n In many rooms there were virtual objects, which could be picked up and

examined. Each had both a textual description and one or more images

associated with it. Players could also ‘‘show’’ virtual objects to characters

who would then react accordingly, often providing additional information.

Some of the objects related to nearby exhibits.

n In several locations virtual equipment (e.g., a SEM, a scanning electron mi-

croscope) could be used to obtain further information about the virtual

objects. Where possible the virtual equipment was placed near real equip-

ment of similar types (like the SEM). Equipment ‘‘use’’ was restricted to cer-

tain player roles as appropriate.

n Several items in the museum were tagged with infrared tags. These tags

provided the players with virtual samples taken from those particular items

(e.g., fingerprints from a glass case).
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n Players could exchange objects and interviews with each other through

localized infrared beaming (like on a TV remote control). In many cases one

role was the only one capable of retrieving a sample (e.g., the detective who

could retrieve a splinter from an unconscious guard), while a player in an-

other role could use equipment to analyze it (e.g., the technologist capable

of using the virtual SEM).

The game was completed when players had accumulated enough evi-

dence to obtain a virtual warrant for the arrest of the culprits. One of the

organizers played the role of judge who considered the information pre-

sented orally by the players and, if sufficient evidence was presented,

beamed the players an arrest warrant.

Several of the elements of this game enhanced the potential for collabo-

rative learning through increases in key areas. The most significant is the

increased role of unique skills and information given to the players, which

play a key role in this game. Additionally, the use of the space itself can

play a significant role in increasing collaborative learning, giving real arti-

facts a role in the game. Players must interact around these real artifacts,

combining powers across roles, and often running into other teams in areas

laden with information. Together these changes result in a greater potential

for collaboration.

M@M was played at the Boston Museum of Science on two successive

weekend afternoons with a group of approximately twenty parents and

children each day. Parents were always paired with their own child. While

several of the parents and children knew each other, the majority did not

know any of the other participants before the game. The groups were sub-

divided into teams of six (as mentioned above). In cases with uneven

numbers, a single redundant role was added to a team. After players were

introduced to the ‘‘mystery’’ and given a brief tutorial of game mechanics,

they were given one hour to play the first phase of the game. After this first

hour of game play, players regrouped in the meeting room, checked in with

the organizers for five to ten minutes and then went back into the exhibit

halls to play the second half of the game for an additional thirty minutes.

The roles in the game turned out to be extremely effective in engaging

the pairs of participants with one another. Each individual role was forced

to collect and share information to successfully solve the case. Here one

group has met up after collecting information separately:
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Table 10.5

Collaborative Learning in Mystery @ the Museum

Positive interdependence Roles receive unique information, and can
perform unique tasks. Many tasks explicitly
involve stages during which players of different
roles must participate and interact.

Promotive interaction Teams are assigned to work towards a common
goal. Frequent interactions around a succession of
clues involving each role builds confidence and
interaction.

Individual accountability Many clues require the action of unique players
on the team, requiring each member to take care
of their jobs.

Interpersonal and small-group
skills

Sharing of information and items across teams via
infrared beaming is critical to solving the
mystery. Many clues must be collected by one
team member and processed by another, require
negotiations around data collection tactics.

Group processing Coordinating the presence of each of the team
members around critical pieces of information
requires planning and logistics. Coordination can
take place using walkie-talkies that blanket the
entire game space.

Figure 10.3

A game screen from Mystery @ the Museum shows the NPCs and items that are ‘‘in’’

the room with the player.

166 Chapter 10



Boy 3: Have you been to the mummy?

Mom 2: Yes we went there.

Boy 3: They have to go there since they’re the biologist. It is upstairs—

Boy 1: Let’s give you [the technologist] the splinters so you can look at them with

the microscope.

Mom 1: We got the hobo code but we can’t fully decode it. What do you think this

means? [Beams to other groups so that they can all look at the picture.]

Often the groups concluded that it was beneficial to move around the

museum in groups that included multiple roles so that they could collabo-

rate to solve the problems. As one parent said, ‘‘In the second part we all

went together to every room. Even though we might not have needed ev-

eryone in each room we did better as a group.’’ One of the senior museum

educators further commented, ‘‘sometimes people have trouble with the

logical reasoning . . . [but in this group] they saw that one person could get

what the others couldn’t and they got the power of roles. Then they started

using the beaming and they got that roles idea and off they went.’’ The in-

terdependence of roles served as the starting place for collaboration, which

then promoted more general collaborative problem solving. It is interesting

to note that in the post-game surveys many participants wrote that they

felt that their role was the most important in the game for one reason or

another. This was consistent across all of the roles, showing that they had

fostered players’ sense of a unique contribution in addition to promoting

collaboration.

Players in the game were required to visit a wide variety of places in the

museum, and to examine exhibits closely to find and understand some of

the ‘‘clues.’’ Several codes, for example, were woven into the storyline (the

thieves used codes to communicate with each other). Interpreting these

codes required players to find and connect information from several exhib-

its on mathematics, communication, and models. The feedback from the

participants suggested that this combination of depth (examining some

exhibits in detail) and breadth (thinking more broadly about multiple

exhibits) was engaging and effective in encouraging them to think about

the museum’s exhibits. This can be seen in the interactions of one of the

groups searching for information to help them decode one of the clues

that the thieves left behind:

Mom 1: We’re looking for codes to help us decode this. If anyone finds stuff let us

know [looking around].
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Girl 2: Over here! Over here!

Mom 1: [Boy 2] Look in the 14th century [points to chronological history of

mathematics].

Boy 2: Look Look. Water and dice like on the code.

Dad 2: [Reads information about the code to himself and then applies that to the

code ‘‘written’’ on the back of a virtual receipt.] In an . . . hour . . . [points to a part of

the exhibit and speaks to the group] . . . it is telling him when to meet by the water.

An hour after close.

This interaction shows how the teams worked together to discover and

apply information from real exhibits in order to interpret the virtual infor-

mation, which in turn fed back into their game-play strategies. During the

group debrief discussion following the game, these feelings of connection

between the real and virtual contexts were further conveyed.

Generation 4: Outbreak @ the Institute

In the previous chapter I presented a detailed study of Outbreak @ the In-

stitute, the first client-server-based game that we created. That chapter spe-

cifically investigated the role of underlying dynamic models and feedback

on game play. But another element of that game was increased reliance on

roles and collaboration. Like the other AR games, players in Outbreak are

equipped with handheld Pocket PCs as their link between the real world

and the virtual world of the game. The Pocket PCs receive location infor-

mation based on simple Wi-Fi positioning. Ubiquitous network coverage

enables the Pocket PCs in the game to stay connected to a server. Unlike

the other games mentioned, this allows all of the players in the game to

live in one common world where the actions of one player have immediate

(and delayed) effects on all of the other players. For example, a player

might pick up a virtual item in a room, which would then not be accessible

to any of the other players. Similarly, a player might contaminate a scene,

move important items, or interact with an NPC in ways that have conse-

quences for other players. This fundamental change in the game engine

has opened up new opportunities of game play and learning exploration.

Rather than assess the situation and recommend solutions, as we have

done in Environmental Detectives and Charles River City outdoors, players

must actually contain the problem. Among the actions that they can take

are:
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n Take and analyze samples from real and virtual players in the game to test

for the presence of diseases.

n Obtain and provide medicines to real and virtual players in the game to

control the spread of the disease.

n Use preventative gear (e.g., masks and gloves) to control the spread of the

disease.

n Quarantine individuals to control with whom characters come in contact.

The game engine shares some common features with previous games,

like the ability to take interviews and samples, but also adds virtual limited

objects that have specific purposes. Perhaps most importantly, it connects

all of the players in the game through a common server. This means that

through both intentional and unintentional actions the players affect each

other and affect the overall outcome of the game. This stimulates whole-

group collaboration out of necessity, and fosters thinking about collabo-

ration more generally. This is further facilitated by in-game tools for

messaging in which players can send messages to each other through a bul-

letin board and instant messaging tools, allowing targeted collaboration

Figure 10.4

A game screen from Outbreak @ the Institute shows a player picking up a Surgical

Mask. That item will consequently disappear from the screens of other players in

the room.
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between two individuals and massive coordination among whole groups.

Finally, the whole process of testing patients and giving them the medi-

cines required was designed to require multiple roles, necessitating the

interactions of players for some of the basic game operations.

The strong dependence on collaborative problem solving was apparent to

players. When asked about the indicators of their success in the game, they

often pointed to collaboration as the key. One student explained: ‘‘Cause

in the end, when we’re all just working together, it was like we’re all doing

this and that to help each other out and then just trying to find out what’s

happening and everyone would just share information.’’

Another student added, ‘‘I didn’t realize how important it was for us to

talk to each other until we actually did this.’’ This demonstrates that these

games not only build collaborative problem solving skills, but also foster re-

flection on these ideas, a necessary component of transfer to new situations.

Table 10.6

Collaborative Learning in Outbreak @ the Institute

Positive interdependence Medical diagnosis and treatment require the
participation of multiple roles. One role can
diagnose the disease and a separate role is
required to treat it.

Promotive interaction Teams are assigned to work towards a common
goal, and the game inherently binds everyone to
that goal. Players coordinate across the entire
group to try to reach that goal.

Individual accountability Most often the groups divide and conquer, with
each subteam responsible for treatment in
particular locations. Within those teams, each
member has further responsibility for carrying
out their assigned tasks.

Interpersonal and small-group
skills

Sharing of information through walkie-talkie,
instant messaging, and bulletin boards requires
the building of a number of communication
skills. Players need to effectively use those tools,
and communicate within their subgroups to
accomplish the goals.

Group processing Groups are coordinated through the
communication tools previously mentioned, and
must share their success with other groups
throughout the process. At the end, players are
required to assess their own success.
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The Next Generations

One of the key design considerations for the different roles within the AR

games is how much overlap there should be between the roles. Too much

overlap will remove the positive interdependence and individual account-

ability that encourage collaboration. However, too little overlap does not

give the students enough common ground to discuss the problem space.

We have found that when students access the same information, it serves

as a promotive interaction—reinforcing students’ sense that they have

done well. It also gives them a point on which to begin discussion. They

start piecing the puzzle together around the common pieces and then

work towards their own unique contributions. As in the CRC example

(generation 2), all of the students learned that West Nile Virus was a serious

mosquito-borne disease, but only certain roles were privy to the seasonality

of the virus, its current levels, or the symptoms of an individual who might

actually have the disease. There is still much to be learned through investi-

gating this overlap among roles to determine how increasing and decreas-

ing overlap can affect learning outcomes, and how role interdependence

relates to both subject matter and student experience.
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11 Learning to Write without a Stylus

Writing is one of the most heavily emphasized practices in American

schools today. As evidenced by the focus of the No Child Left Behind Act,

learning to write is one of the most important skills to be taught in school.

But defining what ‘‘learning to write’’ means is another story.

In many cases, learning to write means being taught the rules of gram-

mar and syntax, the proper form for an essay, and many other technical

details of writing. While these skills are undoubtedly necessary for effective

communication, they are certainly not sufficient. These skills alone do not

enable complex communication, defined as ‘‘conveying not just information

but . . . persuading, explaining, and in other ways conveying a particular in-

terpretation of information’’ (Levy and Murnane 2004). Communication

in the twenty-first century demands much more than mastery of the basic

rules of grammar and syntax, perhaps more so than ever before in history.

There is wide recognition of the value of these communication skills, and

English and Language Arts standards will often incorporate elements of

these skills at their core. For example, looking at the ‘‘Guiding Principles’’

of the English and Language Arts standards from the state of Massachusetts

(Massachusetts Department of Education 2001), we see that one of the ten

guiding principles is: ‘‘An effective English language arts curriculum em-

phasizes writing as an essential way to develop, clarify, and communicate

ideas in persuasive, expository, narrative, and expressive discourse. At

all levels, students’ writing records their imagination and exploration. As

students attempt to write clearly and coherently about increasingly com-

plex ideas, their writing serves to propel intellectual growth. Through writ-

ing, students develop their ability to think, to communicate ideas, and to

create worlds unseen.’’ (p. 4)



This principle clearly focuses on the content and message of the commu-

nication, not just the form. It points to persuasive discourse (among others)

about complex ideas, though it does solely point to written work in this re-

gard, rather than oral expression or expression with other media. However,

those alternative forms of communication are highlighted in several of the

other Massachusetts guiding principles:

n An effective English language arts curriculum develops students’ oral language and

literacy through appropriately challenging learning. (p. 3)

n An effective English language arts curriculum provides for literacy in all forms of

media. (p. 4)

Further, the guiding principles point to some of the component think-

ing, research, and analysis skills that are required to perform complex

communication:

n An effective English language arts curriculum develops thinking and language to-

gether through interactive learning. (p. 3)

n An effective English language arts curriculum teaches the strategies necessary for

acquiring academic knowledge, achieving common academic standards, and attaining

independence in learning. (p. 5)

Fully half of the ten guiding principles have nothing to do with the me-

chanics and technical details of writing, but instead pertain to developing

the skills for complex communication using varied modes of research and

communication. Yet like many of the other ‘‘back to basics’’ calls associated

with NCLB, even when there is recognition that these other skills in com-

plex communication are desirable, it is assumed that we cannot teach those

skills without first teaching the basic rules. In practice this is a fallacy.

There is nothing to suggest that people can’t learn the skills necessary to

persuade, explain, and convey interpretation of information either prior to or

in parallel with learning the basic rules of grammar.

Devising ways to teach these skills in persuasive communication, or rhet-

oric, are not trivial, as it is not simply a matter of ‘‘stating your case.’’ The

communicator needs to understand their audience, listen to and evaluate

other arguments, assess information that they gather and how it fits with

the rest of their case, and give weight to complex and sometimes compet-

ing arguments from sources with varied credibility. Additionally, learning

about effective rhetoric requires the learner to self-reflect on their own

statements and arguments. This is indeed complex.
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Situated Language

It is important to note that we do not learn to read and write generically,

but rather we learn to read and write in specific contexts. That is, our lan-

guage is specific to the topic, content, audience, and place of communica-

tion. Reading a note from a friend about plans for the weekend is quite a bit

different than reading a paper in a scientific journal on advances in

genomics. Gee (2004) argues that schools incorrectly focus on the abstract

mechanics of learning to read and write instead of learning to read and

write in academic content areas. Not enabling students to read and write

in these academic content areas (and in fact often alienating them from

those areas) locks them out of thinking about many technical areas. With-

out the language to understand advanced topics, students struggle with

them and disengage.

Gee further argues that students can learn these specialist languages if

they are given the opportunities to do so. He cites the example of how

young children develop vast vocabularies and language constructs around

the game Pokémon. Young children are able to express complex ideas

about this game because they become immersed in the Pokémon experi-

ence, and become experts in its language over time. More generically Gee

states that: ‘‘The human mind works best when it can build and run simu-

lations of experiences its owner has had (much like playing a video game in

the mind) in order to understand new things and get ready for action in

the world. . . . People learn (academic or non-academic) specialist languages

and their concomitant ways of thinking best when they can tie words and

structures of those languages to experiences they have had—experiences

with which they can build [mental] simulations to prepare themselves for

action in the domains in which the specialist language is used (e.g., biology

or video games).’’ (p. 4)

Thus the foundational building blocks for helping novices build the skills

to communicate in specialist areas and develop expert thinking in those

domains are authentic experiences in those domains in which learners ac-

quire and use new ways of reading, writing, and thinking. Additionally,

when the learner can picture those experiences and replay them as ‘‘mental

simulations’’ they have acquired a reusable tool with which to further

think about those domains. Augmented reality simulations offer such a

foundation by creating rich authentic experiences, which both provide
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and require the use of specialist languages along with physical simulations

that are easy to recall.

Scientific Argumentation

Thinking about and constructing rigorous arguments around scientific

issues involves a unique set of challenges. When discussing issues

grounded in science, one must understand, at least rudimentarily, the sci-

entific principles involved as well as how they apply to the arguments

being constructed. Discourse of this type is rare or altogether absent in

most schooling (Kuhn 1999). Students do not have the training or experi-

ence in scientific discourse. Yet engaging in discussion around everyday

issues of broad concern (e.g., global warming and stem cell research),

requires such skills. The question is how can such discourse be integrated

into the experiences of students.

Augmented Reality, Participatory Simulations, and Rhetoric

Throughout our work with augmented reality (AR) games we have found

that these experiences, which are situated in the real world, have been asso-

ciated with players making nuanced decisions guided by both in-game in-

formation and context that they have discerned from their surroundings.

The cases that players make for the actions that they have taken are com-

plex and informed by a wide variety of information sources. In conveying

those rationales to their audience (whether it be a mock jury or a real

teacher), players have shown signs of thoughtful consideration of the recip-

ient of their message, as well as for the role that they have played during

the game. They have viewed the situation at hand as a persona that com-

bines their own thoughts and values with those of the character they are

playing. Related work (Squire and Jan 2007) has shown that the context of

AR games, situated in familiar surroundings, can indeed be effective in pro-

moting scientific argumentation for students.

Given this rich suite of dynamics and decision making, we have worked

to create a new set of AR experiences that intensely focus on rhetoric

within the game. To do this, we drew upon previous mobile technology-

based activities (I won’t usually call them games) that also are explicitly fo-

cused on rhetoric, debate, and reflection. The first of these activities, simply
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known as Discussion, was created by my colleague Susan Yoon (Yoon

Forthcoming) and used the previous platform for our participatory simula-

tions, the Thinking Tags, or Badges. The Badges (figure 11.1) were devel-

oped by researchers in Mitchel Resnick’s Lifelong Kindergarten group at

the MIT Media Lab. The initial Virus game research was also conducted

using the Badge platform (Colella 2000). The Badges were very simple com-

puters that could display a single two-digit number on their screens, as well

as red, orange, or green lights on any of the five LEDs on the front of the

unit. Input by the user was done through either a dial on the side of

the Badge or one of the two buttons on the back. Most importantly, users

could send and receive directional infrared from unit to unit at close range.

While the interface, display, and embedded programs were all simple by

requirement, this simplicity defined the notion of participatory simulations

as a technology that supported learning through peer-to-peer interactions

without being heavy on the technology. Participants spent most of their

time interacting with each other, as the Badge itself offered little but a way

to interact with other people.

Yoon’s work used the Badge to support structured discussion and debate

among middle school students. Seeking to develop students’ abilities to

construct and understand complex arguments around correspondingly

complex issues, she used the Badge to simply display what a person’s

current thoughts were on an issue. A person could dial in their current

opinion (from �5 strongly against to þ5 strongly in favor, with zero repre-

senting neutral) on the issue at hand. The LEDs on the front of the Badge

would change to reflect the currently dialed-in opinion. Red LEDs repre-

sented an opinion against, and green LEDs represent opinions in favor—

allowing learners to quickly scan the room to get a sense of the current

feeling on the issue.

During the Discussion activity, students would walk around and interact

with other students by beaming them their opinions. They could then dis-

cuss the issue, and argue why they felt the way they did about it. The

Badges tracked the player’s opinion and all of their partners’ opinions over

time, giving them an artifact around which they could reflect—thinking

about what influenced them, and what influenced their partners.

In the unit that Yoon researched, the statement that the students dis-

cussed was ‘‘I believe that genetically engineered foods are beneficial.’’

Over the course of several classes students engaged in debate about this
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Figure 11.1a–b

Picture of the front (a) and back (b) of the Thinking Tags, also known as Badges, the

initial platform for participatory simulations, and the platform for research on

the Discussion game.
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topic, noting their opinions using the Badges, and tracking their rationales

on paper.

Yoon found that the students’ opinions were highly variable at the be-

ginning (and became even more extreme in the early stages), Yet as the

students developed a better understanding of all of the issues, they devel-

oped more moderate opinions backed up by much more complex ration-

ales (measured using scales of complex systems thinking—see Yoon for

details).

While it would be a stretch to attribute the change in opinion (or the

change in complexity of rationales) to the technology, this simple technol-

ogy did enable the students to reflect on their own and other’s opinions.

Further, it provided some artifact for reflection for the students as their

opinions changed over time.

The public display of information is an enticing feature of the Badges,

but ultimately the limitations in terms of cost, display, and complexity fa-

vored the use of ubiquitous devices like PDAs over this proprietary plat-

form. One research study compared the use of the Badge and PDA

Figure 11.2

Changes in opinions of students in the Discussion game. Republished from Yoon

(2007).
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technologies (Klopfer, Yoon, and Rivas 2004), and found little significant

difference between the platforms for participatory simulations. Thus, later

versions of Discussion were implemented on PDAs (figure 11.3). The transi-

tion to the PDA enabled students to more readily access the history of their

interactions, and even enter rationales (though full text rationales were

later exchanged for merely entering a numeric code associated with a cate-

gory of rationale, as full rationale entry on the PDA was cumbersome).

When Discussion was revised and ported to the PDA, a slightly different

variant was also added, one in which the answer was not merely an opin-

Figure 11.3

The PDA version of Discussion, which permits (a) entry of opinions, along with

tracking of (b) history and (c) rationales.
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ion, but a quantitative estimation. This version of Discussion was designed

to be used with so-called Fermi questions (named after the scientist Enrico

Fermi who was quite fond of these types of questions), which involve

quantitative estimations and several layers of rationales. These are the

kinds of questions that have become popular during interviews in the tech-

nology and consulting industries. For example, ‘‘How many tires are there

in the United States?’’ or ‘‘How many bags of peanuts would fit in a 747?’’

These questions involve a combination of calculation, estimation, and

thinking across several scales. In order to answer the question about pea-

nuts on a 747 passenger plane a person might first estimate the size of a

bag of peanuts, and the volume of a 747. But then they would need to

take into consideration how well the bags pack, the space taken up by seats

and equipment on the plane, and the ability to stick peanuts in the over-

head compartments.

In a study (Klopfer and Groff 2007) implementing both forms of Discus-

sion in classrooms, we found that the PDA version also facilitated reflection

on students’ opinions. It is noteworthy that we integrated some classroom

dynamics that while not explicitly integrated into the technology, did sup-

port a more game-like environment, awarding points to students for the ac-

curacy of their estimates and ability to influence others. We found that the

temporal patterns of student interactions differed across the two variants of

Discussion. While both versions echoed Yoon’s results of student opinions

converging over time, the trajectories of these changes were different. For

the Fermi questions, students seemed to individually gather information

for the first few minutes, and as a result their own estimates did not corre-

late with the estimates of the students with whom they met. In the final

minutes a very different pattern was observed, where students’ estimates

correlated very highly with the estimates of those with whom they met

and interacted. For the opinion questions, the pattern was reversed; there

was a stronger correlation between student opinions’ and peer interaction

during the beginning of the game, with students being less influenced by

those with whom they met later on.

The results of these activities suggest that integrating similar opinion

tracking and reflection opportunities into AR games could provide a rich

context for development of rhetoric skills, while simultaneously supporting

understanding of complex issues at the intersection of science, technology,

and society.
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POSIT

In order to have real-time information about the global dynamics of a class

or group, an AR game centered on rhetoric and discussion needed to be

built upon a networked infrastructure. Thus POSIT (Public Opinions of

Science using Information Technologies) was born from the fusion of the

networked AR platform used for Outbreak @ the Institute (chapter 9) and

Discussion. In creating this new platform we considered which audiences

might be interested in developing skills in these areas and fostering under-

standing of the kinds of issues that we would be implementing. This

included both formal education environments and informal education.

Much of the design of POSIT was informed by discussions with museum

educators at the Boston Museum of Science (particularly Barbara Costa

who runs The Technology Forum) and collaborators at the MIT Museum,

including Director John Durrant. One of the challenges in educating the

public about emerging issues in science, technology, and society is that

there are few places to convene adults to learn about and discuss these

issues. Science museums and centers are perhaps the only places where

this happens with any regularity and we seek to capitalize on these venues

through this technology.

The first implementation of POSIT was built for the MIT campus in con-

junction with the MIT Museum, and was designed to be used with multiple

audiences including high school students, college students, and adults. The

scenario for this version of POSIT is a fictionalized story based on a real di-

lemma. At the time, a level-4 biosafety laboratory (BSL-4) was being pro-

posed to be built in Boston. BSL-4 is the highest bio-safety level, required

for the study of the most deadly pathogens. There are numerous reasons

why the location, in proximity to universities and biotechnology research,

is particularly compelling. But there are also many reasons not to put a

BSL-4 laboratory in a densely populated area, making this a rich topic for

discussion based in location, interests, science, and argumentation.

The fictionalized version of the scenario had a similar facility being built

on the MIT campus on a site that had been cleared for another building,

but was still vacant. The group gathers at the beginning of the activity and

is presented with the question ‘‘Should MIT build the BSL-4 laboratory on

this site?’’ Before the players enter their opinion, they are assigned one of
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ten roles in the game, and are told that they are not entering their own

opinion, but that of the character whom they are playing. These characters

range from university students living near the site to a nurse at an area hos-

pital to a parent that lives in the neighborhood. For example, the assistant

professor in biology is told: ‘‘You are in your third year as a professor, and

just settling in. You have a spouse and two young children, and you hope

to maintain a normal family life in addition to your work. You do research

with infectious agents at the BSL-1 safety level.’’

Many of the descriptions point either to no particular interest in the lab,

or a conflict of interest, as is the case with the biology professor who could

benefit from the work, but seems to have other considerations at hand.

Other descriptions point more simply to one side of the issue, such as the

local parent who receives the following: ‘‘You live on the edge of the cam-

pus on the tenth floor of an apartment building. You have two small chil-

dren, one and three years old. You like to take them out to the local green

spaces to play.’’

Each player is provided with an electronic dossier containing this infor-

mation for their character that they can read before they enter (figure 11.4)

their initial opinion in the role of that character.

Figure 11.4

The opinion entry screen in POSIT, showing the player’s role and current opinion.
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After each player enters their opinion they begin the actual game. In the

spirit of the other AR games, players walk to various buildings on campus

in order to gather evidence. Their handheld device detects which building

the player is in and displays the relevant game content. Each building rep-

resents the actual place, and the physical construction site on campus

represents the proposed lab site. Players can communicate with each other

face to face, and also through instant messaging on their devices.

A variety of virtual characters representing a range of opinions are distrib-

uted throughout the buildings in the game. They are situated in realistic

locations (e.g., there are virtual students in the actual dorms and virtual

nurses in the actual medical center). Players can ‘‘interview’’ these vir-

tual characters to get their opinions (in text messages) on the controversy.

Virtual items such as newspaper articles, journal articles, technical docu-

ments, informational pamphlets, photographs, and advertisements are dis-

tributed among these locations as well. News flashes, text messages, and

other bulletins arrive at fixed times, to a subset of players according to their

role. This dynamic content is used to create story lines that develop

through the course of the game.

Players can select the most persuasive evidence they have gathered

(items, announcements, and responses from virtual characters) (figure

11.5a) and add it to their ‘‘evidence portfolio’’ (figure 11.5b). The portfolio

has limited storage so players must carefully choose which evidence to put

into their portfolios. Once it is populated with evidence, the portfolio

serves two purposes within the game (in addition to forcing the players to

weight their own evidence). First, players use the evidence portfolio when

trying to persuade other players of their opinions. When players meet and

want to engage in dialogue they press a button that transfers their portfolio

to their partner’s computer. This becomes the basis for their conversation,

and the players must both defend their evidence and use it to justify their

opinions. They may also use it to target their opponents in the hope of

changing their opponents’ opinions. Secondly, the portfolio can be used

to change the opinions of nonplayer characters, who will in turn change

what they say when other players talk to them. As a result of these interac-

tions the flow of information within the game can change.

For example, an NPC graduate student who players find in the library

is initially inclined to be against the BSL-4 laboratory. When this NPC is

interviewed initially, it gives this response: ‘‘I’m a grad student here and I
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do a lot of social science research so I spend a lot of time in this library and

I know my way around the periodical section. I heard that in MIT’s pro-

posal for the new biohazard lab, they were claiming that in eighty years

no BSL-4 lab had had any accidents or releases. I found that a little hard to

believe so I came in here to see what I could find. Sure enough, there have

been various incidents. For example, all in 2003 there were a couple of an-

thrax releases at Fort Detrick, Maryland; researchers in Taiwan and main-

land China were infected with SARS, which spread to others; a security

failure due to power outage in New York; missing samples of the Plague in

Texas; not to mention a handful of personnel infections of some other dis-

eases. Some of these were not reported to the public until many months

after they happened, so just think of how many more there could be that

were not disclosed. And then I hear there’s info about the Soviet anthrax

leak that will be revealed tomorrow over at the humanities library . . . when

does it end? I don’t know how many people MIT thinks they can fool, but I

am not one of them. Whether they build this death trap or not, I’m at least

going to be aware of all the risks.’’

Figure 11.5a–b

Screen shots in POSIT showing the evidence that players can collect (left) and the

portfolio that they use to organize their evidence (right).
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This character is clearly biased against the lab and offers up several pieces

of information that others could use in their case against the lab: individual

cases of accidents or releases, which are very convincing (and authentic), as

well as a reference to another document (about Soviet anthrax) that the

players can access in a different location. There is also language that is

loaded with emotion (‘‘death trap’’) that may also bias a player reading the

dialogue.

However, if players are successful in convincing (based on a model that

follows) this NPC otherwise, he will change the tone and detail of his mes-

sage: ‘‘I’m a grad student here and I do a lot of social science research so I

spend a lot of time in this library and I know my way around the periodical

section. I heard that in MIT’s proposal for the new biohazard lab, they were

claiming that in eighty years no BSL-4 lab had had any accidents or

releases. I found that a little hard to believe so I came in here to see what I

could find. Sure enough, there have been a few incidents in various places,

I mean nothing is perfect right? But the labs in those places did a lot of im-

portant work as well. It is a little worrisome, but I still have faith that MIT

and the firm designing the lab know what they’re doing. If they think the

benefits outweigh the risks, I’ll be on board.’’

In order to provide consistency with information that other players have

previously obtained from this NPC, the initial portion of the dialogue re-

mains constant. But the rest of the information changes. Gone are the

references to the specific cases and the upcoming availability of further in-

formation at another location. The language is much more tempered (stat-

ing that it is ‘‘a little worrisome’’ rather than a ‘‘death trap’’). Finally, the

reference to the benefits outweighing the risks gets back to a central issue

that many of the players debate.

In this version of POSIT the NPCs have a rather simplistic model under-

lying their decision making. Like real players, NPCs start out with an opin-

ion. In the case of NPCs that opinion has been preprogrammed based on

their characteristics. NPCs also have access to their own interviews, and

any documents or information that they give to other players.

Each piece of evidence in the game (every interview, document, and arti-

fact) has an inherent persuasiveness, which is unseen by the players but pro-

grammed into each item. The persuasiveness is an indicator of how much

that item might be predicted to influence someone’s current opinion.

These values are based in part on the design of each item and how much
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it was intended to influence players’ opinions, and in part on observation

of how much the items actually influenced opinions. In general the persua-

siveness score is less than one, as it takes quite a bit of information in prac-

tice to sway someone a whole point.

These values could in theory be revised over time, based on statistical

analysis of their influence on players in practice, but in trials to date these

relationships are difficult to determine since players do not always immedi-

ately adjust their opinions after receiving new evidence. Instead, they think

about it for a while and adjust their opinions when the time is right. For

NPCs, however, the effect is immediate. When the NPC receives an evi-

dence portfolio they first throw out any information that they originated

or that they have already heard, assuming that only new information can

be influential. A sum of the persuasiveness is then calculated. Each NPC is

endowed with a suggestibility, alternatively thought of as resistance, to new

information. So an NPC with a zero suggestibility will never change its

opinion, whereas an NPC with a suggestibility of one will take evidence at

face value and use the inherent persuasiveness.

Finally, the NPCs adjust their current opinion based on this new numer-

ical input and check to see whether they have crossed a threshold from one

of the preprogrammed responses to another. For example, in the graduate

student text above the split was simply positive and negative. If the grad

student currently had a negative opinion it would say the former response,

and if its opinion turned positive it would say the latter. Splitting into pos-

itive and negative was the most typical arrangement, though one could add

a midrange response as well.

Gaming POSIT

While the opinion dynamics and responsive NPCs have the potential to

make POSIT an interesting experience, it still falls short of feeling like a

game. The basic elements of gaming are there in the form of motivation

through the portfolio exchange and a fundamental goal of making a deci-

sion about the question at hand. Feedback about the global dynamics of

opinions supports the players’ quest to fulfill that goal (figure 11.6). Players

have access to live updates of each player’s and NPC’s opinion, as well as

the location of each of those players and NPCs. This information can be

used to assess the player’s own impact on the current opinion and also to
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Figure 11.6a–c

Screen shots showing the global information accessible to players during the game of

POSIT display live updates in the form of (a) a histogram of all players’ and NPCs’

opinions; (b) the opinion of each individual player and NPC; and (c) a map indicat-

ing the location and opinion of each player.
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strategically target specific players or NPCs to influence or obtain informa-

tion from. For research purposes this is also collected live on the server (fig-

ure 11.7) and saved for analysis by the researchers and for reflection by the

participants.

This system of feedback and goals provides the basis for game play, but

early tests showed that players rarely exchanged portfolios with other

players and did not have a sense of the game progressing. What resulted

was a system that stagnated, and players’ interest in interacting diminished

as time went on. In order to enhance the game play, and advance players’

interest in interacting and discovering additional evidence, we added two

additional supports: intriguing plot lines that developed in real-time over

Figure 11.7

Live readouts along with data recording track each player’s opinion to be used in

both research and for the players’ own reflections.
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the course of the game, and a rating system combined with competitive

team scoring.

It may seem obvious that plot lines should progress over the course of a

game, but POSIT (figures 11.6 and 11.7) is designed to have players take

time to consider and reflect on the information that they collect. We would

not necessarily want to have players working against time trying to hit a

moving target. The big issue at hand needs to stay the same, though the

details within could change. Picking up on that latter notion of manipulat-

ing the details, we decided to introduce a parallel but relevant subplot that

did advance in real-time.

One of the central issues of POSIT is the trustworthiness of information

that players obtain. No one in the game is expected to be an expert on the

topic, and instead they must become experts in evaluating the credibility of

their information by understanding its source, verifying the information

with secondary sources, and even analyzing the language of the informa-

tion. As information abounds on the Internet, these skills have become

highly prized twenty-first-century skills, which are extremely relevant to re-

search and writing. Playing on this theme of credibility, the subplot centers

on an incident that if verified would seriously jeopardize the safety record

of the institution, but if a hoax would embarrass some of the institution’s

opponents.

The subplot is introduced in this manner: early in the game players re-

ceive a ‘‘News Flash’’ on screen warning them that ‘‘Diseased Mice are on

the Loose.’’ The alert states: ‘‘All day yesterday people reported seeing dis-

eased mice with various symptoms running through the buildings of the

campus. The earliest sighting was reported at 10 a.m. and reports became

more frequent throughout the day. The infected mice are generally be-

lieved to have escaped from one of the biology labs that conduct experi-

ments with mice, but this has not been confirmed. No effort has been made

as yet to catch the vagrant mice because no one wants to get near them.’’

NPCs provide some information relevant to this subplot, and new char-

acters are introduced who are mentioned by the other characters but never

met ‘‘in person.’’ Additional news flashes provide updates on the situation,

and most of the evidence points to the incident being a hoax. This includes

a mass email that the players receive from a professor, who states that he

has evidence that this incident was a hoax and even points his finger at a

potential culprit. But the true origin of the mice is never stated.
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This subplot added a fun sense of narrative through the game, and early

on players paid a lot of attention to the incident. In this sample dialogue

from one of the evidence portfolio exchanges between two players, the

mice were a central issue:

Angela: How do you know the mice getting out of the facility weren’t being let out

by someone? How do you know they escaped? How do you know that someone

didn’t let them out?

Vince: That is worse. Why would you want someone letting out mice?

Angela: Things happen. People have revenge issues.

Vince: But they are diseased mice. If you let out diseased mice it doesn’t matter.

Things like that happen. If there is a chance for someone to break in, what is to pre-

vent someone from breaking in and letting out a whole bunch of other mice with

worse disease? Aha. Take that.

Vince assumed that the mice were either released intentionally or unin-

tentionally from a secure facility and this jeopardized its future security.

Angela had a different view, assuming that someone may have staged the

incident, and didn’t want to let this influence her decision making. Gener-

ally players interpret this initial incident as they see fit, either as a critical

flaw in the proposed facility if they are already inclined against it, or as a

distraction if they are already in favor of the facility.

As they uncover the details and verify the credibility of the incident, it

plays a less central role in players’ arguments, and can even diminish the

credibility of other NPCs or players who cite this information. Vince, from

the exchange above, later stated:

I’m not sure whether it was a student or a professor but my impression is that it was

stupid. How they got hold of the mice is shaky. Supposedly they have top security

around the facilities and then someone can break in and steal the mice.

He went on to cite other information to defend his position against the fa-

cility. In written debriefs after the game, all but one or two students in

most classes have come to believe that the incident is a hoax.

Promoting reflection and changes in rationales and ratings was the moti-

vation for creating a more sophisticated scoring mechanism. POSIT’s scor-

ing mechanism was designed to encourage more frequent exchanges

between players, and to force them to thoughtfully reconsider their opin-

ions on additional occasions. Part of the scoring is supported by the soft-

ware itself, and part is merely structuring the interactions between the

players.
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We wanted the score in the game to be tightly linked to what we thought

should be valued in the game—making good arguments backed up with

evidence. To promote this, we created an in-game rubric that players used

to rank incoming portfolios (figure 11.8).

The primary criteria we wanted to make sure were present were rationales

based on evidence, presentations that represented the role well (as opposed to

the presenter’s own opinion), and ownership of the evidence. The presenter

shows the evidence portfolio to the receiver who must then evaluate the

actual portfolio and the presentation (including a response to a challenge

question). The presenter then gets a score based on the receiver/evaluator’s

rubric responses. Final score is determined based on the average score of a

person’s portfolio, which has been evaluated by at least a minimum num-

ber of other players.

Players can exchange evidence portfolios with each other any time they

like. This can help them hone their arguments through feedback from the

other player, and any new evidence and insights gathered from talking to

them. But periodically throughout the game—the number of times can

be adjusted, though in practice it happened once every thirty to sixty

minutes—players were prompted to exchange evidence portfolios with

Figure 11.8

The rubric used when ranking incoming portfolios shows the three criteria used for

evaluating evidence.
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partners. In order to keep the scores honest, players were divided into two

teams—Red and Blue. When players evaluated portfolios, they only eval-

uated portfolios from the opposite team, so that Red players evaluated

Blue players’ portfolios and vice versa. But players only competed with

their team members for score; Thus there were two winners, the highest

score from each team. This enabled evaluators to feel free to give scores

without fear of hurting their own standing. While some players responded

in the game summary that they felt their portfolios were evaluated unfairly,

based on our own spot checks and subjective evaluations, this seemed to be

associated with unreasonable expectations more than bias.

POSIT Experiences

While POSIT was played by groups of adults, college students, and high

school students, only the high school students had the use of the scoring

rubric and team structure. These students were from an urban high school

in the Boston metropolitan area. In many of the early trials without the

scoring and team structures most people did not change their opinions over

the course of the game. If we look at the magnitude of change in the high

school students’ opinions over the course of the game, we find that they

changed on average two points. In this sample, about one-quarter of the

student scores did not change (from start to finish, though they may have

changed in the interim), while the rest changed at least one point and

several of the students made dramatic shifts of five or six points, reflecting

substantial opinion changes (figure 11.9). This sample is likely too small to

make any general inferences, but students did change their opinions over

the course of the game when these scoring mechanisms were in place.

As to what led the players to change their opinions, they stated that the

their role was the single most influential factor, followed by the items

found within the game (documents), and the news flashes that were pre-

sented to them periodically. Their own personal opinions were among the

least important stated factors in changing their opinions along the way. At

the same time, however, most of the players concurred that their own per-

sonal opinions resonated with those of their role. As the adage goes, ‘‘walk

a mile in someone else’s shoes.’’

Identifying with their roles was apparent in the dialogue that many of

the students had over the course of the game. While one player was reading
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an interview, one of the researchers stopped to ask her what she was doing.

She replied: ‘‘I’m talking to some guy named ‘‘Felix.’’ He works with infec-

tious diseases. He thinks that it would be good to prepare for bioterrorism.

So he is for the BSL-4 lab. He works in a BSL-3 lab and thinks it is incredibly

safe. That is one of the things I was worried about. I didn’t exactly know

the different levels of the laboratories. Now I know 1 through 4 where 1 is

the safest. I work at a BSL-1 lab.’’

This short excerpt shows the player moving seamlessly between her own

knowledge and her role’s perspective. She is actually the one ‘‘talking’’ to

the character, though her role is the one who works in a BSL-4 lab. As the

player, she didn’t know the differences between the levels of the biosafety

labs, and it isn’t clear whether she or her character was worried about the

lab safety, given how quickly she moves between talking through both per-

spectives here.

Other players stated that they tried hard to use a lens or filter for all of

the evidence that would be appropriate to their role, but depending on

how extreme that role is they had a hard time finding enough evidence

through that filter. ‘‘I tried my best to stay in the �5 region but found it

hard to find supporting evidence,’’ said one player, ‘‘and therefore I

neglected anything positive about the facility.’’

Figure 11.9

Changes in players’ opinions (in absolute value) over the course of POSIT, showing

many small changes and a few large changes.
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The players whose roles presumably had less extreme or more flexible

opinions, however, were able to successfully employ that filter. ‘‘My role’s

opinion changed because I made the assumption that a local parent would

not want this building in his/her neighborhood,’’ said one player. ‘‘Based

on that assumption I looked for evidence that was in line with it [a nega-

tive opinion].’’

Good evidence-based arguments should combine both a strong basis in

fact as well as appropriate emotion. These uses were modeled in the dia-

logue of the NPCs and players learned the effectiveness of these arguments

from experience. Over time players were able to integrate these same two

components into their own arguments. For example:

Tonya: [If something bad happens] I might die or get sick or something and might

not be able to see my husband or my children ever again. But it would also be good

because it provides jobs for construction workers or new biologists who would want

to work in a BSL-4 lab.

Vince: Okay. Let me look at your score [current rating]. I think you had a lot of good

things to say. Especially that [interview] because it was based on fact but it also gave

a person’s perspective on it. I wasn’t too sure about the first one [piece of evidence]—

I was a bit confused and led astray about all of the monkeys.

In this case, Tonya is mixing an emotional argument about what might

happen to her, and the impact that would have on her husband and chil-

dren, with some concrete arguments on job creation as a result of the facil-

ity being built. Vince clearly appreciates that balance in her presentation,

and explicitly states that he has valued those two components in one of

the particularly convincing interviews that she had presented in her evi-

dence portfolio.

The scoring system was viewed favorably by players who stated that it

made them think more about how to support their arguments. Players

stated that the scoring system

n ‘‘made you realize some things did not back your argument as much as

you thought.’’

n ‘‘helped you to make your argument stronger and efficient.’’

n ‘‘made people have to back up their ideas.’’

In essence, the scoring system accomplished exactly what it set out to do,

and built the students’ skills in constructing and evaluating evidence-based

arguments.
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Place Basis

Many of the students complained about having to walk great distances as a

part of the game. This was clearly exacerbated by the weather, which was

quite cold and wet over the course of these runs. Even though the game

takes place primarily indoors, players did spend time outside near buildings

and in between buildings. The students likely would have preferred placing

all of the NPCs and evidence in one room, and having immediate access to

that information.

The current arrangement, however, forced the players to think carefully

about what evidence they needed. They could not get all of the informa-

tion from everyone, but rather needed to plan a strategy for getting the

data they thought would be most effective. Clearly some of the evidence

gathering was opportunistic, as players would interview characters they

encountered were along the way. But access to critical pieces of evidence

needed to be planned.

Further, as in the other AR games, the location mattered. This game was

not about a site that was far away or fictional. It was about the neighbor-

hood, community, and campus the players were in. The crux of the issue

in this scenario was location-specific. Most of the people would not mind

if a BSL-4 lab were built somewhere, but it mattered that it could be built

in their own backyards. As one player stated, who changed his opinion

from initially positive to negative in the end, his opinion changed ‘‘because

I saw the spot where the building was set to be built on and it was very

scary how many students and people walked by it constantly.’’

This suggests that there are two benefits to distributing POSIT informa-

tion spatially. First, it provides for a means to reward planning and re-

flection on information collection. For this reason, POSIT games could be

played anywhere, including campuses, museums, and workplaces. The sec-

ond benefit is collecting additional tacit information that pertains to the

question at hand. This benefit is less universally applicable, but could be

used as a tool for many decisions that need to be made in particular loca-

tions, ranging from rerouting of roads, to construction of new facilities, to

changes in land use. These are controversial and complex decisions that

frequently get made across a range of spatial scales. POSIT is a way for

stakeholders to grapple with these issues and walk a mile in someone else’s

virtual shoes.
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12 Anytime, Anywhere: Palmagotchi

Internet legend (spread on popular sites such as htamatalk.comi) has it that

in 1996, a Japanese housewife named Aki Maita noticed that Japanese teen-

age girls had a lot of idle time sitting on trains going back and forth to

school. She thought that those girls would love a fun little toy to occupy

their time. Maita’s inspiration was to couple people’s interests in pets and

gadgets in her idea for a small electronic pet one could carry around on a

key chain. She told this idea to her friends who encouraged her to pitch it

to toy giant Bandai. After some prodding she did pitch the idea, and Bandai

bought it and created the Tamagotchi, an egg-shaped electronic virtual pet

that went on to sell millions.

That is an interesting story, but only slightly more interesting than the

actual origins of the famous virtual pet. According to more reliable sources

(Wudunn 1997; Time Asia 1998; Beech 2000) Aki Maita was a low-level su-

pervisor working at Bandai, who cocreated Tamagotchi with Akihiro Yokoi,

a former Bandai employee and executive at the Wiz Company, a toy design

company. Yokoi was also a pet lover who though it would be great to capi-

talize on people’s love for pets along with the convenience of small elec-

tronic gadgetry. Together they designed the device, with the aid of other

toy designers at Bandai and Wiz. Maita and Yokoi, along with their respec-

tive companies Bandai and Wiz, hold most of the patents on Tamagotchi

jointly, and in 1997 they received the infamous Ig Noble award for Eco-

nomics (Improbable Research 2007) as the mother and father of the Tama-

gotchi, ‘‘for diverting millions of person-hours of work into the husbandry

of virtual pets.’’

From there the story becomes a bit more clear. The Tamagotchi, so

named because of the egg shape of the toy (tamago is ‘‘egg’’ in Japanese,

combined with the affectionate suffix tchi meaning ‘‘cute,’’ and is also a



play on the word Tamadachi, meaning ‘‘friend’’), was a runaway success in

its early days. Released late in 1996 in Japan and early in 1997 worldwide,

the first run of the device sold out quickly, so quickly that in Japan Bandai

employees had to remove company identification from their apparel for

fear of theft.

The initial version of the Tamagotchi in 1996 took the form of a small

colorful egg with a miniscule black and white LCD screen and three but-

tons. The game starts with the birth of a digital creature that the owner of

the Tamagotchi must feed, train, discipline, and clean up after using the

simple three-button interface. A well-cared-for Tamagotchi grows through

several life stages from toddler to teen to adult to grandparent and develops

positive attributes. A poorly cared-for Tamagotchi will develop undesirable

characteristics and either die (in the Asian versions) or fly off (in the

North American versions), forcing the owner to start again with a new

Tamagotchi.

After the sellout first run, Bandai ramped up for another run (version 2)

of the Tamagotchi in 1997 and 1998. Despite the runaway success of the

Tamagotchi, Bandai faltered in these early years, partially due to the unex-

pected rapid growth of its product, and partially due to the arrival of Furby

in 1998, which dethroned the Tamagotchi as the must-have toy. Bandai

wound up with a surplus of Tamagotchis unsold, which caused significant

disruptions to the company at the time, despite sales of forty million units

(Reuters 2006). While many knockoffs lived on for years, including nota-

bles like NanoPets and GigaPets, the Tamagotchi ceased production in

1998, and lay dormant until 2004 when the Tamgotchi Connections (ver-

sion 3) line was introduced to much fanfare. Version 3 built incrementally

on the Tamagotchi model, offering a nearly identical shell, LCD screen, and

three-button interface. Version 3 notably introduced additional mini-

games used to train the Tamagotchi, as well as peer-to-peer interactions

via an infrared port and an online connection that could be accessed

through passwords provided to the player by their Tamagotchi. While

some may see the peer-to-peer interactions as merely a marketing ploy to

prod players into getting their friends to also purchase Tamagotchis, this

feature opened up a new realm of social game play. Players could compete

with other Tamagotchis, socialize with other Tamagotchis, and mate with

other Tamagotchis (mating results in twins colonizing each of the players’

Tamagotchis). This interactivity perhaps borrows from the successful de-
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sign of the Lovegety, a popular pocket-sized followup to the Tamagotchi

launched in 1998. The Lovegety could wirelessly search for other nearby

Lovegetys of the opposite gender, leading to face-to-face interaction. Build-

ing on this peer-to-peer model, Version 3 sold a respectable twenty million

units in its first two years, leading to the introduction of Version 4 in late

2006 and early 2007. Even Version 4 holds true to the original Tamagotchi

image, strengthening the online connection and further individualizing

the Tamagtochis through role-playing of professions that the Tamagotchis

can pursue.

While the Tamagotchi went on hiatus from the late 1990s until 2004,

the virtual pet business thrived more broadly. The behemoth in the indus-

try is Neopets, a company that according to its Web site was founded in

1999 by Adam Powell and Donna Williams, two British college students.

The free online virtual pets site, bought in 2005 by Viacom, claims to have

over seventy million users. Like Tamagotchis, Neopets require feeding

and care, but there is a much greater emphasis on side games, battles, and

social networking. Years later, in 2004 (in Japan; 2005 in North America),

Figure 12.1

A version 4 Tamagotchi Connection near birth. The three-button interface, key-

chain, and simple black-and-white LCD screen have been consistent design features

across multiple versions. Available at hhttp://www.tamagotchi.com/products/

catalog1.phpi.
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Nintendogs hit Nintendo’s DS platform, bringing a lifelike dog simulator to

a portable platform (see chapter 4 for more details). Nintendogs capitalized

on the built-in wireless networking, microphone, and touch-screen of the

DS to make the simulation quite realistic.

Another breakout success in the virtual pet industry came through the

innovation of Webkinz, a Ganz company. Webkinz married the virtual pet

sensation of Tamagotchi with the stuffed animal sensation long popular

with young girls. Webkinz is an online virtual pet community, but the

only way that one can get an account is by buying a stuffed animal ‘‘Web-

kinz’’ that comes with account information. The online account is attached

to the physical stuffed animal, creating an even greater bond for players

(typically young girls age ten and under). While I personally haven’t taken

the Webkinz plunge like I have with Tamagotchi and Nintendogs, I have

observed countless hours of play by my niece. As a prekindergartener she

has been known to play three to four hours a day. I would doubt if her

parents (or many parents of prekindergarteners) would buy a subscription

to an online game. That isn’t a problem for Webkinz, since you can’t buy

(or even renew) an account. The only way to play is to buy (and keep buy-

ing) the stuffed animals, each of which has a one-year subscription, and

parents have a long history of buying their kids stuffed animals.

In the Webkinz world, like many of the other online virtual pet com-

munities, owners need to care for their pets through feeding and mainte-

nance, but also can buy items for their pets to spruce them up and

decorate their homes. Children earn points or money towards those pur-

chases through solitary or head-to-head game play with other Webkinz

owners. In fact, most of the time spent in the world of Webkinz is playing

these casual games. The actual actions of caring for one’s Webkinz pet (e.g.,

feeding it) take almost no time, but earning the points required to buy your

Webkinz its necessities through game play does take substantial amounts

of time. Interestingly, Webkinz maintains its child safety through struc-

tured communication between players that can only be chosen from prede-

fined dialogue sequences.

Many kids (my niece included) will maintain multiple pets at a time,

which requires spending quite a bit of time in the world of Webkinz.

Some critics would be quick to point out that such games promote exces-

sive screen time, well beyond the hour or so a day that many of them pro-

mote as a hard limit. These limits, however well intended, are not based on
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substantial evidence, particularly in light of an evolving digital society and

our relationship between the physical and digital worlds. I don’t want to

say that there shouldn’t be limits, as the question needs further study, but

I can say that I have observed many positive outcomes from Webkinz play.

I have seen creative digital play, exploration of roles and characters, and

deep learning about a complex system. My niece has learned how to bal-

ance care for multiple pets, what to play for quick points to feed them,

and where to go to socialize. At the same time I have observed the behavior

of other players in the world of Webkinz, such as the other Webkinz who

quickly left the spelling bee after my niece handed over the game to her fa-

ther to play. His concern for the health of his daughter’s Webkinz, while a

bit of an obsession, has actually become a social activity through which

a father and daughter can bond.

Hundreds of virtual pet sites have emerged over the years. The Web site

hvirtualpet.comi provides a catalogue of some of these, listing hundreds of

sites caring for pets ranging from dogs to dinosaurs. However, Tamagotchi,

and to some extent Nintendogs, stand apart from these games in some fun-

damental ways. Sites like Neopets, Webkinz, and others use the virtual pet

as an anchor of much broader game play. Social interaction, battle, shop-

ping, and a host of mostly irrelevant casual game play are the real focus of

these sites. Pet maintenance and care takes little time relative to these other

activities, and is not the primary focus of players’ visits. Engaging in these

related tasks necessarily takes on greater sophistication and complexity. In

contrast, the Tamagotchi, with its three-button interface and black-and-

white screen is a statement in simplicity. The focus of Tamagotchi is the

maintenance and care of your pet. While there are short games that one

can play in Tamagotchi, for the most part they are only of interest in serv-

ing the wellbeing of your pet. There is little opportunity to play Tama-

gotchi for hours a day. Though a player may think about their Tamagotchi

all day, screen time is typically measured in minutes a day. Unlike onscreen

worlds in which the player is only deeply engaged when they feel im-

mersed in this virtual world, the Tamagotchi player remains in our world

at all times, though the digital pet becomes integrated in the life of its

owner. This distinction in simplicity, goals, and integration versus immer-

sion distinguishes Tamagotchi from the vast majority of contenders in the

virtual pets field, as well as those in The Sims genre or games like Harvest

Moon that also involve maintenance of creatures.

Anytime, Anywhere 201



Kids, Teachers, and Tamagotchis

The virtual pet recipe seems simple enough. People form deep emotional

attachments to their pets, and the digital pet capitalizes on that inherent

connection and puts it on screen. However, on first glance a Tamagotchi

displays none of the typical characteristics associated with animals that

help create this bond. Tamagotchis don’t have big eyes. They aren’t warm

and cuddly. They don’t come when you call, keep away the mice or fetch

the paper (though the same could be said for many of my actual pets). The

Tamagotchi’s tiny black-and-white LCD and its simple beeps are the ut-

most in minimalist design and representation. Yet people deeply connect

with their digital pets, and only play because they care what happens to

them.

Sherry Turkle (1995, 2005) has studied the relationship between people

and many forms of digital representations, including Tamagotchis and the

robotic Furbies. She has found that kids have begun to recognize these

kinds of digital beings as ‘‘sort of alive.’’ While kids understand that a digi-

tal creature is alive in a fundamentally different way than an actual pet,

they ascribe a different form of being alive to digital creatures. Hence, they

care about their digital pets, tend to their needs, and are invested in their

outcomes because they are alive. Kids look past much of the physical repre-

sentation to form a relationship with this digital artifact. Referring to Tam-

agotchis and Furbies, Turkle (2005) says, ‘‘In the case of the toys, the

culture is being presented with computational objects that elicit emotional

response and that evoke a sense of relationship . . . there is less a concern

with whether these objects ‘really’ know or feel and an increasing sense of

connection with them. In sum, we are creating objects that push our evo-

lutionary buttons to respond to interactivity by experiencing ourselves as

with a kindred ‘other.’ ’’ (p. 277)

The simplicity of the design of Tamagotchi, along with this emotional

bond and associated investment that it creates, provides a perfect model

for educational games. It is a game that is simple to learn and interact

with, creates an attachment to the outcomes for the players, allows for

building of mastery, can be played casually in bursts of a few minutes at a

time, and yet sustains interest and interaction over long periods of time. Of

course, the Tamagotchi’s relationship with schools has not necessarily been

positive in the past. As with many successful portable toys, the Tamagotchi
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plagued many teachers in its early run in the late 1990s, leading schools

around the world to ban virtual pets. Bandai quickly heard the message

and included a pause feature in version 2 that allowed kids to give their

Tamagotchi (and their teachers) a break from all the beeping, thus making

the game a bit more school-friendly.

The Birth of Palmagotchi

In many ways our Palm participatory simulations model the design of the

Tamagotchi. Their simplicity, attachment to outcomes, and social interac-

tion are shared with the Tamagotchi. However, all of the Palm participatory

simulations were designed to take place in class, not in the hallways, cafe-

terias, or libraries occupying the ‘‘free’’ time throughout many students’

school days. Thus, as they were, the participatory simulations faced the

fierce competition for in-class time that most technologies confront, de-

spite their easier access and fit into the classroom model. We thought that

we could advance the PSims model by bringing game play out of the class-

room while tying outcomes and learning explicitly to in-class content and

discussion.

Thus the idea of Palmagotchi (cute Palm) was born, a simple educational

game played occasionally over long periods of time outside of class, con-

necting back to classroom content through discussion and data analysis.

Many of the virtual pet communities contained the essential elements of

learning games, requiring players to understand their organisms’ require-

ments for survival and even mating. Building on this idea, Palmagotchi

would be a game that drew upon analogies to Darwin’s finches in the Gal-

apagos. Players would have to maintain families of birds and islands of

flowers all the while considering issues in genetics, ecology, and evolution

to best maximize their chances for survival.

The name was perfect. Unfortunately, the platform turned out to be less

than perfect. Palm was a great platform for the simple interactions of the

participatory simulations, but more complex transactions and data man-

agement proved to be easier on the Pocket PC (Windows Mobile) plat-

form. Nonetheless, the name stuck as we were not particularly fond of

PocketPCagotchi or WindowsMobileagotchi.

While we were successful in maintaining simple game play, development

was complex and the game took years to create. Much of that complexity
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originated from the requirement that the game be client-server-oriented.

This requirement emerged for two reasons. First, we wanted to be able to

collect data in real-time and use that as a point of discussion in classes. Sec-

ond, given that the game would be played continuously, we wanted to re-

move the requisite face-to-face interactions, permitting interaction from

afar. This would allow players to interact with their friends even when the

friends weren’t nearby.

The first complete version fairly closely modeled the scenario of Darwin’s

finches in the Galapagos. For those not familiar with the details of Dar-

win’s finches, the history is as follows: Charles Darwin collected a number

of samples of seemingly very diverse bird species on his famous voyage of

the Beagle to the Galapagos Islands in 1835. Upon his return to London he

discussed these samples with other scientists, and later came to find that

these species were not as unrelated as he previously thought. Instead, these

species all diverged from a common ancestor species of finch that arrived in

the Galapagos Islands from the mainland of Ecuador. After arriving on one

island, the species spread out to other islands. Each of these islands had

unique food availability due to diverse habitats and other species present.

Those finches that were best suited to surviving on their island’s particular

Figure 12.2

The diversity of species in the finches of the Galapagos is easily seen in their beak

morphology. Some beaks are broad and stout for crunching on seeds and nuts, while

others are thin and narrow for foraging on flowers. (From Darwin’s original illustra-

tions, see Darwin, C. R. 1890. Journal of Researches into the Natural History and Geology

of the Various Countries Visited by H.M.S. Beagle etc. London: John Murray, first Murray

illustrated edition.)
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food sources, primarily due to differences in beak morphology, thrived and

reproduced. Over time, due to separation and strong selection for these dif-

ferences, new species emerged that appeared dramatically different from

one another.

This canonical example of evolution is told in countless classrooms

around the world, yet the dynamic interactive nature of evolution remains

poorly understood by most people, particularly Americans. Evolution must

be understood as a process that takes place over time, takes place at the

population level, and is influenced by random events (i.e., things don’t

have purpose in evolution, despite the pretext of some science fiction and

the teachings of many ‘‘alternative’’ theories). Palmagotchi embodies these

features by creating a world in which each player maintains an island full

of flowers and a family of birds. The actions that one may take in Palma-

gotchi are simple. Birds can feed from flowers (on other players’ islands,

just to keep it interesting), they may mate with birds from other families,

and they may feed their offspring as they grow. However, these few actions

involve a lot of decision making.

Game Play

All of the birds and flowers in Palmagotchi are endowed with a number of

genetically determined traits. Each trait is additively influenced by a small

number of copies of the same gene. This means traits are not simply

present or absent (e.g., red or white flowers) but rather are continuous,

spanning a whole spectrum (e.g., height of a flower). Flowers have the fol-

lowing genetic characteristics:

Color The color of the flower, which influences which birds forage from

them.

Flower length The length of the flower, which influences which bird beak

lengths can forage from them. Better matches of beak length and flower

length result in more nectar for the bird.

Pollen type The texture of pollen, which influences which birds will carry

it when foraged upon.

Production rate The rate at which flowers produce nectar and pollen.

Heartiness A characteristic that influences the chance that flowers will be

killed or damaged during cold spells.
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Birds have a complementary set of genetic characteristics:

Size The mass of the bird, which affects the bird’s speed.

Metabolism The rate of energy burn for the bird, which in turn interacts

with speed and ability to survive in the cold.

Speed The speed that birds fly, which makes the bird less likely to be

attacked while foraging.

Feather type The quality of the feathers that determines how sticky they

are for the pollen.

Featheriness A measure of quantity of feathers that makes a bird more re-

silient to cold spells, but decreases its speed.

Beak length The length of the bird’s beak. Better matches of beak length

and flower length result in more pollen and nectar during foraging.

Color preference Determines what colors the birds can see, which in turn

affects which flowers a bird may forage from.

These characteristics are determined entirely genetically; that is, there is

no variation contributed by the environment. But there are dynamic traits

that do change over time. Dynamic traits are influenced by a combination

of time, random events, genetic traits, and the input and actions of players.

For flowers these traits are:

Pollen The amount of pollen that birds may pick up from a flower.

Nectar The amount of nectar that birds may forage from a flower.

And for birds they are:

Age A measure of time that the bird has lived. Birds are designated as

juveniles until age five. The timescale can be arbitrarily mapped to real time.

Energy A bird’s food reserves. This quantity is depleted by mating and by

the bird’s metabolism. Birds gain more energy by foraging for nectar.

Players access information about their birds and flowers in two ways.

They have quick access via their handhelds to some of the important char-

acteristics at a glance on the main overview onscreen page for their birds

and flowers. These pages display a list of all birds and flowers that the

player currently has on their island, along with a picture of each bird or

flower (which is determined via a simple algorithm), bar graphs of key char-

acteristics, and a randomly generated name. By clicking on any one of these

birds or flowers the player accesses detailed information about the genetic
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Figure 12.3

Overviews of the birds and flowers (a and c) showing pictures and basic statistics

on each bird and flower, along with the detailed view (b and d) showing all of the

genetic and dynamic characteristics.
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characteristics and dynamic traits. The analogy we make is that the over-

view page shows the front view of a trading card, and once the player clicks

on a bird or flower it gives the back view with details and statistics.

Players begin Palmagotchi by creating an ID and wirelessly logging into a

central server. This facilitates all future interactions with other players.

They are then presented with their initial set of birds and flowers. The

game is paced to require interactions on the course of every one to three

hours so as not to disrupt classes, yet create some sense that the players

must be vigilant to keep their organisms alive and well.

Each interaction is designed to present the player with data that they can

use to inform their decisions, though the only way that the player learns

how this data maps on to success is through experience. For example, a

player looks across their current set of birds and decides which one needs

to forage. After selecting that bird, they select from a list of online players’

islands that they can visit. Once on that island the player is presented with

a list of flowers that they are able to ‘‘see’’ (figure 12.4a). Each flower has a

color, and each bird has a color preference. The game automatically filters

Figure 12.4

The list of flowers that the foraging bird ‘‘Little One’’ can see (a) provides the player

with a quick overview of available resources on the chosen island. Further examina-

tion (b) can reveal individual characteristics of each flower.
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out those flowers that are too much of a mismatch between the colors the

bird can perceive and the color of the flower. Looking at those preferences

as points on the spectrum, birds can see flowers that are within a given dis-

tance from their preferences on that spectrum. At a glance the player can

see the visible flowers and their current health. By clicking on any one of

those flowers the player can further examine each of the genetic character-

istics of those flowers (pollen type, flower length, etc.) as shown in figure

12.4b.

In the early stages players may have little reason to choose among the

particular characteristics, but soon they learn that there are several conse-

quences to their foraging actions and may begin to alter their choices in

light of those consequences. First, there are direct impacts on the foraging

birds. Birds can gather more nectar from foraging when their beak length

closely matches the flower length. In most cases the birds will be able to

get some nectar regardless of the match, but they may do well to minimize

trips and maximize the nectar taken in any one trip. Players soon discover

that there is a risk associated with each foraging venture, for the birds may

be attacked by predators during each foraging attempt (figure 12.5). Players

Figure 12.5

An alert given to players when they are attacked during foraging lets them know of

the risks associated with each foraging venture.
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learn that these risks can be mitigated by reducing the total number of trips

the birds need to take in addition to selecting for birds with increased

speed. Metabolism turns out to be a double-edged sword, players find.

Increasing metabolism correlates with increased speed, but also burns

resources more quickly, resulting in a need for more foraging trips. This

complex relationship between foraging behaviors and the characteristics

of birds and flowers is one of the interesting challenges that the Palma-

gotchi game presents.

There is also an indirect effect of foraging on the traits of the flowers. When

birds forage they pick up pollen on their feathers. Some of that pollen is

transferred to the next flower that they forage upon. If the pollen on the

two flowers is a close enough match, they can produce offspring that com-

bine the genetic characteristics of the two parents. Thus foraging from two

similar flowers in a row will likely produce more of that flower type, while

foraging from two flowers with quite different characteristics will likely re-

sult in no offspring, or offspring that express characteristics that are a hy-

brid of the two.

In addition to foraging, birds must also mate. Even if well tended to, the

birds have finite lifespans; thus mating and producing offspring are a reg-

ular part of the game. The in-game actions required for mating are much

like those for foraging. Players select the other player (island) they want to

visit. In this case, since there is some sense that both birds may be selective,

the chosen partner has the opportunity to decline the visit to their island.

If they accept, the first player is presented with a list of birds with whom

theirs can mate (figure 12.6a). They can see the health overviews of those

birds immediately, and then delve deeper into their information by view-

ing the birds’ genetic statistics (figure 12.6b). After choosing a mate, each

of the two players is given a new set of juvenile birds. The number that

each player receives is dependent on the ‘‘clutch size’’ characteristic of the

parents. It is also important to note that after this mating, any other adult

or juvenile birds that the player had, with the exception of the chosen par-

ent, disappear from their screen, leaving only the parent and the new off-

spring (figure 6c).

Players may initially mate their birds out of convenience with their

friends or other players who are available. But over time selection for

desired characteristics becomes a key strategy for survival. Players may de-

termine that increased speed is desirable to avoid predators, or that smaller
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Figure 12.6a–c

The process of mating involves selecting a bird to mate and then finding a partner (a)

with the desired characteristics (b) on another player’s island. After a successful mat-

ing, the parent remains, but other birds disappear, leaving only the parent and the

new offspring (c).
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beak length is desirable to feed from available flowers. Offspring possess

genes that are a combination of the parents’ genes. In general this results

in offspring that are near the average of the parents’ two traits, but due to

the random assortment of genes, not all offspring will be exactly the same.

After juveniles are born, they must be fed by the remaining parent until

they mature at age five. In order to feed offspring, the parent must first ob-

tain nectar by foraging. Then the player selects the offspring that they want

to feed, and distributes that nectar to the offspring using a sliding scale. The

player may choose to transfer all of the nectar to an individual offspring, or

distribute that quantity to several different offspring (figure 12.7). This is

another decision point for players. If they have large clutch sizes they may

choose to distribute energy evenly among all of them, or selectively feed

the ones that they think have the best chance for survival.

Sometimes, due to unfortunate events or bad strategies employed by

players, all of a player’s birds or flowers may die. At that point the player’s

island can be recolonized by birds or flowers from another player’s island. A

player can select one of their birds or flowers, which will leave their ma-

Figure 12.7a–b

The screens showing how players feed their offspring, both before (a) and after (b)

nectar has been transferred. The parent bird can choose how much nectar to transfer.
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chine (island) and appear on the other player’s handheld. It is important

that this is merely redistributing birds and flowers already in the popula-

tion, which doesn’t affect the genetic diversity of the community.

Learning about Evolution

Despite some of the strongest evidence among scientific theories, the ma-

jority of Americans reject the theory of evolution. A 2005 Harris Poll (Harris

Poll June 17–21) showed that only 46 percent of people surveyed believed

that Darwin’s theory of evolution was supported by fossil records, and a

mere 38 percent believed that human beings evolved from other species.

Other polls have found similar results, including an annual CBS News poll

that has consistently found more than 50 percent (51–55 percent from

2004–2006) of people polled believe that humans were created in their cur-

rent form, and just slightly below 50 percent (44–48 percent from 2005–

2006) believe that humans were created in the last 10,000 years.

While some of these views are supported by fundamental misunder-

standing or misuse of scientific methodology and evidence, additional mis-

conceptions persist even among believers in evolution (Engel Clough and

Wood-Robinson 1985; Bishop and Anderson 1990; Alters and Alters 2001).

Evolution, simply put, is a change in the genetic frequency of characteris-

tics over time caused by genetic drift (random fluctuations in gene fre-

quencies), gene flow (immigration and emigration), and natural selection

(Darwin’s ‘‘survival of the fittest’’). The misconceptions that people hold

are often due to misunderstanding the mechanisms by which these pro-

cesses work, hence the goal of Palmagotchi to have people ‘‘see’’ evolution

in action. Specifically, Palmagotchi was designed to help people under-

stand that evolution is a dynamic process influenced by both random

events (e.g., chance events in the environment) as well as the environment

(e.g., availability of food, current climate, etc.). At the same time we wanted

players to learn the relative importance of factors affecting evolution,

including the relatively rare occurrence of mutation (which doesn’t happen

at all in Palmagotchi) and the more common events affecting survival and

reproduction of individuals.

We did need to be careful in the design not to introduce or reinforce

notions about evolution having a ‘‘goal,’’ since players do influence the di-

rection of evolution through their choices. We mitigate this by directly
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addressing that issue in conversation, and by trying to keep the actions

within the game similar in scope to the behavior of birds. While birds may

not be able to plan for future generations, they can make decisions based

on colors and shapes of foods, and even distinguish some ‘‘suitability’’

characteristics in mates.

We found that students did indeed develop a deeper understanding of

evolution through game play. Our first run of Palmagotchi was with a

high school senior class in biology, which played the game over a three-

day period. Instruments assessing students’ understanding of evolution

were given at the beginning of the activity and upon completion of game

play. For example, on one of the questions asking whether evolution was

predictable, one student replied, before the activity took place, ‘‘Usually,

because you can tell whether a species is more fit than another, but some-

times mutations can make this unpredictable.’’

This answer expresses a number of misconceptions. First, it confuses evo-

lution happening at a species level (incorrect) versus the population level.

Second, it mentions ‘‘fitness’’ of a species absolutely (incorrect), instead of

fitness of individuals relative to the environment. Finally, it promotes

mutations as being a primary source of unpredictability, when in fact while

these are important contributors they are extremely rare. After the game

the same student responded to the same question on whether evolution

was predictable: ‘‘Not really because . . . natural disasters like cold spells,

etc. are unpredictable. Pretty much birds with the ‘‘best’’ characteristics

would survive, but what is considered the best can change depending on

what type of environment you are in.’’

After the game, the student no longer referred to species or mutations.

Now her answer focuses on some of the unpredictability inherent in the

environment, and the fitness of individuals relative to the environment.

While this radical improvement in understanding was at the higher end

among students in the class, it does show that the game could significantly

improve understanding.

But other improvements were seen. Another student initially responded

to a question about the relationship between genetics and evolution by

saying, ‘‘Changes in natural genetics cause evolution. Mutation of genes

and proteins is the cause of evolution.’’

This student identified a link between genetics and evolution, but placed

the burden of this link on mutation (including the incorrect ‘‘mutations’’
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of proteins). After the game the student more concisely stated: ‘‘Genetics

cause evolution in relation with the environment.’’

While this game didn’t help students articulate strong written answers, it

did eliminate the emphasis on mutation, and strongly showed the influ-

ence of the environment. Several other students also emphasized mutation

initially, and later either qualified or diminished that importance and more

thoroughly included the relationship of the individual and population

with the environment.

After asking students to individually reflect on their answers, the class

turned to a group discussion to investigate how their population of birds

and flowers changed over time. Students were asked to plot out the distri-

bution of certain characteristics to investigate whether evolution did in fact

occur in their population. For example, in a plot of the beak length of the

population, the population was somewhat randomly and evenly distrib-

uted at the beginning (figure 12.8a), but had a much greater central ten-

dency in the end (figure 12.8b). While some of this shift in frequency may

be related to statistical phenomena, it does show a change in the popula-

tion over time.

In a discussion of the plots, students were asked what happened, and

why there might be this central tendency. One of the students responded:

‘‘We selected for the middle [beak length] of the road. Since if we had a

four, you could eat from [flower lengths] five, six, or seven, as well as one,

two, or three. But if you had a [beak length] seven then we couldn’t.’’

This is known as stabilizing selection. The students selected for the mid-

dle traits since they were better adapted to the environment (able to feed

essentially from all available flowers). Individuals with the extreme traits

(very large or small) were confined to a smaller pool of resources. Given

that there was even availability across this distribution of flower lengths,

the resulting distribution of beak lengths matches well with what one

should be able to predict.

Similarly, while this was not witnessed in the course of the game, stu-

dents predicted that in the long run we should see a trend towards flower

lengths four and five. Said one, ‘‘Everyone is choosing beak length four or

five, so everyone will eat from the flower lengths four and five [since there

is the closest match], and then flower lengths seven to nine will die out.’’

This prediction makes a lot of sense given the data that was collected,

and it recognizes the scale of evolution both in size (populations), and the
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dynamic feedback required for such changes to occur. However, birds with

beak length four or five can (and do) still eat from other flower lengths

when they were available, slowing the trend towards mid-length flowers.

As one student said: ‘‘If there is only one flower that is the only option

that you have. You can’t always control what you’re going for [due to small

samples]. So it is going to vary how fast it [evolution] can go and maintain

diversity.’’ This is recognition of the time scale over which evolution

occurs and the dynamic forces at play maintaining diversity (flattening

the distribution) and selecting for narrow ranges of traits (narrowing the

distribution).

Figure 12.8a–b

Plots of the beak length of birds in Palmagotchi at the beginning (a) and end (b) of

the game, showing a much greater central tendency at the end.
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Students similarly recognized the course and timescale of other traits.

Some selected for large clutch sizes to ‘‘increase the chances that some

of the offspring will be of good quality.’’ Others considered the effects of

speed and metabolism on their birds’ ability to survive attacks by predators.

While cold spells are not particularly frequent, they have noticeable effects

early in the game. As a result, many students selected for birds with more

feathers and higher metabolism. Since these traits have costs, students

may better estimate the probability of cold spells over time and reconsider

those choices, but over the course of this game the traits persisted despite

those costs.

In another class playing Palmagotchi over a one-week period, early in the

game there was a technical glitch that caused the birds on all but two or

three handhelds to die. In order for the other players to continue, they

needed to be recolonized from the existing stock of birds on the surviving

handhelds. This meant that the genetic diversity was limited to those sur-

viving on the small number of handhelds, akin to a ‘‘genetic bottleneck’’

that happens in species when there are only a few individuals of that spe-

cies left. This bottleneck became evident in the final analysis of the game

when players noted that while they had originally started with a diversity

of flower colors (every color in the rainbow), the vast majority at the end

were green. Connected to this was the fact that the birds had a random dis-

tribution of flower color preferences at the beginning, and at the end they

had a large majority of green color preferences. Presumably, by chance, the

preponderance of surviving birds at the time of the bottleneck had a green

color preference. This in turn selected for green flowers, which had a se-

lective advantage given the surviving population of birds. Thus a great

‘‘natural’’ experiment in selection became evident in this population.

Palmagotchi Game Play

Perhaps the greatest reason for the success of the Tamagotchis is that

players were attached to their virtual pets. They cared what happened to

them, and attached themselves to these simple digital creatures. This same

investment was apparent in Palmagotchi. Players genuinely cared what

happened to their creatures, despite the fact that their participation in the

game was anonymous (from a research perspective) and did not count for

their grade in class. It came down to attachment to creatures. One boy in

Anytime, Anywhere 217



the class said point blank: ‘‘I got very attached to my birds and I got very

addicted to the game. So I was playing whenever possible—in between

classes and free periods. I was playing during lunch.’’

While the use of the word ‘‘addiction’’ may set off some alarms, the be-

havior demonstrated is far from actual addiction. The amount of game play

still amounted to a mere number of minutes over the course of the day. But

the player did feel a deep emotional attachment to his birds and cared

about their fate. Another boy from the class echoed that by saying: ‘‘It

[the game] was extremely stressful. I was really concerned for my birds.

When no one was paying attention I was like, ‘please let me forage!’ ’’

In general students felt quite attached to their birds, and wanted them to

survive. Surveys showed that students agree fairly strongly about their re-

sponsibility for their birds (on average 3.27 on a 4-point scale). This respon-

sibility measure is a good indicator of the investment students made in

their creatures. In order for students to want to learn and develop better

strategies (and learn the associated science that goes with those strategies),

they need this attachment to their creatures and their outcomes. The suc-

cess of Palmagotchi is rooted in motivating students to care about their vir-

tual pets enough to thoughtfully consider the mechanisms at work and

modify their strategies to reflect that understanding.

While the attachment of students to their creatures was good news, the

student’s comment preceding, however, raises an issue that came up over

the course of the game. The class that played Palmagotchi was a small

one, fewer than twenty students. When trying to play quickly between

classes they needed to rely on other students turning on their PDAs to

play during those same few minutes. If a player tried to forage or mate,

there needed to be another player to accept that action. As a result, many

of the interactions were facilitated by face-to-face play, even though line of

sight was not required from a technical perspective. Students said that they

‘‘interacted with whoever. Not just my friends, unless my friends were who

I could track down.’’ Other players confirmed the value of face-to-face time,

and several cited the few opportunities when everyone happened to be in

the library or at lunch as popular times to play. On average the students

reported 83 percent of their interactions were face to face as opposed to re-

mote, with no student reporting less than 75 percent of their interactions

taking place face to face. This suggests that future iterations should be

played with larger groups, or include the option for asynchronous game
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play. One could argue, though, that the face-to-face communication re-

quirement was an asset and not a liability. The face-to-face component

can facilitate additional communication and conversation that may also

be germane to learning. It also permits flexible communication and tan-

gential conversation and interaction, which may well have added value.

For example, players might ask each other why they chose a particular

bird to mate, share recent stories about their virtual creatures, or make ref-

erence to their strategies in passing.

Again, like Tamagotchi, game play tended to be frequent but for short

periods of time. Players described the average day as consisting of six to

ten bouts of game play, each lasting anywhere from a few seconds to a few

minutes. This time was enjoyed by the students (2.91 on a 4-point scale of

enjoyment with 4 being the maximum). Students indicated that they were

playing the game in total somewhere in the range of fifteen to twenty

minutes per day, yet they described the experience as one in which they

often thought about their digital creatures, even if they weren’t looking di-

rectly at them. The big picture here is that in a relatively short amount of

time each day the players became invested enough in their birds to engage

deeply in the game. Many of the players indicated that this attachment and

investment would have grown in subsequent days as they were able to de-

vise better strategies.

Palmagotchi Evolution

The first iterations of Palmagotchi were just being completed as this book is

being written. As a first-generation product, there is a lot to be learned from

early implementations, and many changes to come in the future. Players

suggested additional features (e.g., the ability to name birds) that would in-

crease their attachment to their creatures, and enhanced capabilities for the

aforementioned asynchronous interactions. They also notably mentioned

the inclusion of mini-games. Instead of merely selecting the flowers upon

which the bird needs to forage, for example, you would have to take con-

trol over the bird and fly it around as it foraged. The ability to see, land

on, or get nectar from the flower would be influenced by the genetic char-

acteristics of the birds and flowers. My initial reaction was to dismiss the

notion of mini-games as a distraction. Mini-games should not be the choc-

olate reward for consuming the nutritious broccoli making up the rest of
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the game. But as I think about it more in the context of virtual pets, as

demonstrated by the other games in this genre, it may make a lot of sense.

People bond strongly with their pets through play. Given the strong analo-

gous patterns seen with the way people bond with virtual pets (Turkle

2005), some additional play would likely bring about additional bonding,

and consequently increase motivation to improve strategies and keep the

virtual pets alive.

After thinking this through and continuing the conversation on mini-

games, the discussion took a turn for the worse. One student continued to

pursue his ideas of in-game mini-games, stating ‘‘You know that game Ore-

gon Trail and how you have to hunt the buffalo?’’ I thought it was ironic

(and still sad) that we’ve come full circle back to the Oregon Trail. But

maybe there is something positive to learn from the persistence of that

game, and the fondness with which students remember it. Or maybe we

just need better examples of educational games for them to recall.
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13 Conclusion

Many critics of learning games oppose this medium for the ideas, concepts,

and content that games can’t teach well. Games may not be good at teach-

ing you to factor polynomials or to memorize when ‘‘i’’ goes before ‘‘e.’’

But whether they are ‘‘good’’ at teaching these ideas (absolutely or relative

to other teaching modes) is irrelevant. There are likely quite a number of

things that games are not good at teaching, and we should focus on the

things that they can teach well. Few people actually argue that games

should be the only teaching medium. Most learning games scholars and

experts advocate for them being some part of an ecology of tools and meth-

ods that we use to teach and learn in schools, informal learning centers,

and training situations. This use of games would be most effective if it

were accompanied by changes in the pedagogies of learning institutions,

to focus more on constructivist, learner-centered, motivating, and engaging

tasks more generally.

Mobile Game Affordances

Mobile games excel at connecting to existing classroom ecologies, and

extending them in powerful new directions. These games fit naturally into

the current landscape of teaching and learning in current schools, and also

can connect school, game play, and the real world. This isn’t to say that

console- or PC-based video games can’t or shouldn’t be used for learning,

but for many desired domains of learning, mobile games can fit more easily

into the learning environment and connect more readily to learning out-

comes. From the examples that we have implemented, and from the

lessons of others, we have seen that mobile games have a number of

affordances:



Game is in the eye of the beholder. Mobile games don’t have to look like

traditional games. While effective mobile games must still draw upon good

game design principles for both engaging and educating players, they don’t

need to advertise their ‘‘game’’ nature. If a teacher or administrator wants

mobile game use not to look like a game, they can see it in this light and

call it an ‘‘activity.’’ But a student who wants to see it as a game (as most

do) can easily do so.

Previous experience applies. Directing activities based on mobile learning

games feels much like running a multitude of other nontechnological

activities such as role-play and simulation. Many teachers already feel com-

fortable facilitating activities in this way and, as we’ve seen, they can

readily transfer these skills to facilitating classes based on mobile games.

Access. While the student-to-computer ratio is rapidly decreasing we are

still very far from one to one in most schools. Mobile devices can be easily

and inexpensively deployed and maintained. As the capabilities of mobile

devices increase (and reach some level of standardization), most people

will have ready access to them, and these devices can be appropriated for

learning.

Balance of onscreen and off-screen time. It is relatively easy to move people

involved in an activity employing mobile games on and off the screen rap-

idly. Games of the type I have described here don’t demand 100 percent

focus on the screen. In fact, in most cases players spend less than 20 per-

cent of their time looking at the screen. So it is easy to create activities

that balance that time with time spent in teacher- and student-led discus-

sion as well as just about any other type of activity.

Temporal flexibility. Mobile games can be started and stopped quickly,

both from a technical perspective and from a design perspective. A class

could play a mobile learning game for a few minutes a day over many

classes or for hours at a time as the situation demands. This time need not

be during actual class time, but could be throughout the day, week, or

month. As will be discussed, this will likely lead to a situation in which

mobile games can be integrated throughout the lives of learners in short

bursts.

Natural communication. Players using mobile learning games may have

special communication capabilities enabled by the game, including instant

messaging, bulletin boards, or even Voice over Internet Protocol (VoIP). But
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they can also use their face-to-face presence to communicate verbally,

through gestures and facial expressions, and even through subtle body lan-

guage. This freedom of expression enables effective communication in

game and builds real communication skills out of game.

Learning is situated. Mobile games can be set in social and physical con-

texts that readily become a part of the game. Even games that do not have

technology-enabled multiplayer participation naturally incorporate the

interactions of players with co-located players. Players can help each other,

observe each other, and act together to create communities as they learn to

solve problems. Through role play the communities in which they partici-

pate take on an even greater meaning.

Learning is embodied. Players can not only communicate with their bodies

but also think with their bodies using the physical context of games. It is

easy to make physical connections with games set in the physical world.

Knowledge is constructed. The role of the mobile device in these learning

games is primarily to provide a ‘‘light’’ addition of virtual information into

the interactions of the players. As such, there is little information fed to the

players by their devices. Rather, they must create that knowledge and un-

derstanding through exploration.

Transfer is near. Through real-world role play players experience a situation

from perspectives that closely resembles real-life roles. We know that pro-

moting transfer is difficult. Educational designers struggle with this chal-

lenge. Creating activities in which transfer doesn’t have to go very far

makes that task much easier.

Tenets of Mobile Game Design

As mentioned earlier, not all learning is applicable to mobile games. Not all

learning games are even applicable to mobile games. But there are many

instances in which mobile learning games can be a tremendous asset and

a good fit. As technologies create greater capacities and more ubiquitous

use, while educators and developers push these games in new directions,

those instances will grow exponentially. Through the work presented

here we have developed a number of guiding tenets in choosing the uses

of our mobile games. The development of these tenets is one of the reasons

why game design is best seen as an iterative process aligning educational,
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technological, and interactive components. While these principles help us

identify ripe opportunities for mobile learning games, we simultaneously

consider what educational arenas are in need of technological support.

Our guiding tenets:

Play close to reality. Many of the games described in this book were

‘‘lightly’’ augmented reality games that were able to take advantage of

many of the assets of the real world. Some explicitly incorporated the real

world context in their design, and additional real world elements more sub-

tly entered the game through the perception of players. Designing games

that can take advantage of these real-world assets maximizes the potential

of mobile games. This means imagining that the real world either repre-

sents itself exactly (e.g., the game is played at the nature center that the

game is about) or something very similar (e.g., the game is played at the na-

ture center that the game is about, but back in time fifty years, or it repre-

sents a similar nature center somewhere else).

Amplify authenticity. In our move to make learning authentic we can do

well to incorporate as much of authentic practice into games as possible.

This means identifying the core practices associated with particular disci-

plines and making those an essential element of game play. Again, this

can be done with light technological support, relying more heavily on

human role play. The technology is best used to support the role-supplying

tools, information, and perspectives associated with that role.

Create communities of practice. The physical co-location of players enables

easy and natural communication among the players in mobile games.

Whether this co-location happens as a necessary structure over the course

of an entire game, or serendipitously throughout a longer game, it allows

players to come face to face to communicate and work together. The tech-

nology should foster the interactions among the players, facilitating their

collaborative work and enabling them to learn from each other.

Incorporate location (or not). Earlier I described two good uses of mobile

technologies—those where location mattered and those where it did not.

These are both applicable in design. Games that explicitly connect to and

incorporate location take advantage of those unique assets. On the other

hand, games that are designed to go anywhere can be readily incorpo-

rated in many different places from schoolyards to homes to workplaces to

museums.
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Bend time. Mobile games are ideal for playing in short spurts. This is

supported by technology with instant or always-on capabilities, as well as

devices that can be taken in and out of view quickly. This idea of playing

in short bursts over long periods of time can enable games to be integrated

with life, as shown in games such as Palmagotchi. Learners can play out of

class and, through client-server technologies, can connect that experience

back to the lessons in class.

Tie games to content, don’t deliver it. Content is still key. It is hard to learn

higher-order skills without content to ground them in, and that content

can often be important to master in its own right. Mobile games can be

tied explicitly to content, which can more readily be measured, while they

are simultaneously building higher-order thinking skills.

Promote diverse forms of communication. Face-to-face communication is

easy to incorporate into mobile learning games. It is important to build

communication skills, and these games can foster expert communication

in activities. More diverse forms of communication are becoming increas-

ingly necessary, spanning a multitude of electronic media. These can be in-

corporated into mobile learning games.

Create deep casual experiences. Most of all, mobile learning games can be

used to create learning experiences that are deep and powerful while stay-

ing casual. That is, these games do not need to be the kinds that only

appeal to hard-core gamers. Instead they should be casual, flexible, and

broadly appealing. But they should not be superficial. Flexibility in time,

space, and context enables mobile learning games to fill both roles

simultaneously.

Twenty-first-Century Schools, Skills, and Tools

There is undoubtedly a disconnect between students’ experiences of media

and technology in school and in their lives outside of school (Levin et al.

2002). Teens are avid consumers of Internet resources and media, and they

know how to access, if not understand, vast amounts of information with

ease. One could argue that given the rapidity with which students take up

information with the aid of technology, we need not have academic focus

on these tools. They will learn them outside of school, and in school we

can focus on traditional learning, and get back to the basics that they are
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not building using these new media and technologies. But accessing infor-

mation is not equivalent to understanding information. Instead of swim-

ming in the deep invigorating waters of knowledge that have propelled us

into the twenty-first century, today’s students are drowning in a shallow

sea of superficial understanding. We must provide better ways of helping

them navigate this challenging intellectual landscape.

I am often asked how I can explain the facility with which students not

only consume but also create content on the Internet, if they are truly

struggling with these riches of information. A Pew study of teens as content

producers and consumers (Lenhart and Madden 2005) showed that about

half of American teens between ages twelve and seventeen are ‘‘Content

Creators.’’ The study defines Content Creators as reporting ‘‘having done

one or more of the following activities: create a blog; create or work on a

personal webpage; create or work on a webpage for school, a friend, or an

organization; share original content such as artwork, photos, stories, or

videos online; or remix content found online into a new creation.’’

If half of teens are Content Creators, then must we be doing something

right? I argue that these statistics are not as promising as they first seem.

First, the glass is half empty. Fully half of all teens have never created any-

thing on the Internet. Not a Web page, story, or even a photo. Nearly half

of the students in the survey didn’t even know how to upload files to the

Internet. While this is a simple learned skill, it is indicative of a culture of

passive consumption. Clearly we are leaving quite a number of children be-

hind. This number should be 100 percent at this point in time, as everyone

should have been an Internet participant at some point in school. Second,

the definition of ‘‘Content Creator’’ is fairly weak. This includes having

ever done a single instance of one of these activities. A student who posts

a picture as part of a school assignment is classified as a creator under this

definition. Substantial active participation in the Internet is left undefined.

True, nearly 20 percent of students reported having blogged, but these per-

centages get whittled down upon closer inspection.

Twenty-first-century students are certainly a part of Internet culture, and

these levels of teen participation are increasing due to the prevalence of

teen social networking sites. We should not take for granted, however,

that nearly ubiquitous access is sufficient to prepare students for a future

in which they must appropriate these technologies in diverse ways for life,

learning, and work. Even as they become more immersed in this culture of
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technological participation, they still struggle with its application outside

of simple uses in their personal lives. Schools need to play a significant

role in better preparing students to apply these tools to understanding

complex ideas. Transfer will not happen on its own, but these skills can

grow and students can learn to apply them outside of their simple social

context.

We cannot expect students on their own to jump the chasm from their

current position of extensive casual use of information to the other side

where participation is deep, meaningful, and built on understanding. We

should not expect large jumps in understanding, even with expert guid-

ance. Instead we must build bridges from where students are now to where

we hope and expect this understanding to be. Handheld technologies can

be the perfect guides to help them along those pathways. By creating deep,

rich experiences that incorporate real-world challenges, social participa-

tion, and an array of media and information we can provide students with

engaging activities that help them grow their own understanding. These

lightweight activities situate students in learning environments that can

truly grow these twenty-first-century skills.

We saw how activities such as the participatory simulations in chapter 6

engaged students in sustained reasoning. They managed complexity in the form

of outbreaks of diseases in chapters 6 and 9 and the virtual ecologies of

chapter 12. Students tested solutions in engineering in Environmental

Detectives discussed in chapter 7 and solutions in epidemiology in Out-

break @ The Institute in chapter 10. Many times in those situations stu-

dents were required to manage problems in faulty solutions as they worked

with imperfect information and feedback in those same games shown in

chapters 7, 8, and 10. They consistently had to organize and navigate infor-

mation structures and evaluate information, though this was particularly

prominent in POSIT, as shown in chapter 11. Collaboration was also ubiqui-

tous and became more so over time as shown in the progression of chapter

10. Communicating with other audiences was also a focus of POSIT in chapter

11, but integrated into many other activities through presentations. Stu-

dents learn to be prepared and to expect the unexpected as they managed com-

plex systems such as those in Palmagotchi presented in chapter 12. Finally,

the skills of anticipating changing technologies and thinking about information

technology abstractly came from integrating not only handheld gaming tech-

nologies, but also audio, video, Wi-Fi, GPS, Bluetooth, Infrared, instant
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messaging, bulletin boards, and client-server technologies into many

games. Students learned about the functionality of these technologies in

fundamentally practical ways.

While education reform is pushing ‘‘back to the basics’’ in an attempt to

provide students with a baseline of skills, it is missing the boat in delivering

these critical twenty-first-century skills. Hopefully these mobile games can

sneak these skills into the schools riding on the back of the content that

the games also purport to teach.

The Future of Mobile Learning Games

As mentioned earlier, mobile learning games are at their best when they are

both deep and casual. This may seem like a paradox, as most casual games

are fairly shallow, while most deep games are designed for hardcore gamers.

But mobile technologies can change that through sustained experiences

with only occasional participation. People can engage in mobile games for

a few minutes (or even a few seconds) at a time, but distributed over hours,

days, or even weeks. This provides for many opportunities to consider the

game play thoughtfully, discuss it with others, and reflect on its signifi-

cance, without requiring substantial investments in game-play time. This

is the future of mobile learning games, games that take place any time and

anywhere. As we saw in the instance of Palmagotchi, players were able to

embed this game in the course of their daily routine and use class time

to reflect on their learning. A similar experience was created around a mul-

tiday version of POSIT where players could incorporate interviews of virtual

characters into their daily routine, going to see the NPC in the dining hall

when they happened to be passing by. But being successful at these games

means thinking about the game and corresponding strategies frequently,

though actual game play may be infrequent. So where is the future of mo-

bile learning games? Everywhere.
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