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Abstract

Augmented Reality (AR) games can potentially teach 21st cen
tury skills, such as interpretation, multimodal thinkingoblem-
solving, information management, teamwork, flexibilitiyic en-
gagement, and the acceptance of diverse perspectives.plarex
this, | designed Reliving the Revolution (RtR) as a novel glddr
evaluating educational AR games. RtR takes place in Leaimgt
Massachusetts, the site of the Battle of Lexington. Paditis in-
teract with virtual historic figures and items, which arggered
by GPS to appear on their PDA (personal digital assistangmoie-
ing on where they are standing in Lexington. Game parti¢gpan
receive differing evidence, as appropriate for their raléhie game
(Minuteman soldier, Loyalist, African American soldier, British
soldier), and use this information to decide who fired the fihot

at the Battle. Results of initial trials of RtR suggest th& dames,
when properly designed for pedagogical purposes, can atetifie
authentic practice of 21st century skills.

Keywords: 21st century skills, augmented reality, critical think-
ing, educational games, history education, wireless helddtie-
vices

1 Introduction

How can we teach the skills necessary for an increasingligaglo
digital economy and a democratically involved citizenghigany
educators are searching for ways to creatively integrasetf21st
century skills into K-12 pedagogy with innovative, effeeti and
appropriate activities. In this paper, | evaluate the pidéof Aug-
mented Reality (AR) games as engaging and authentic environ
ments for learning, activating, and practicing these skillo do
this, | examine in detail a novel AR game, Reliving the Retiolu
(RtR), in regard to nine different categories of skills, Is@&s me-
dia fluency, critical thinking, and community awareness.isTih
based on a framework developed by The Partnership for 21st Ce
tury Skills, an advocacy organization that promotes thecation
and assessment of 21st century skills (Figure 1) [2003].

In particular, The Partnership recommends that the prépara
of these skills should emphasize content areas includiobadl
awareness; financial, economic and business literacy; isindit
eracy. In other words, students should learn about divereres
and global issues, understand how economic and politicatipies
interact with other disciplines, consider ways to effesljvpartici-
pate in a democracy, and think about the consequences daddis
implications of one’s decisions. The Partnership arguat ghch
skills, coupled with these content areas, can provide stsdeith
the conceptual tools and breadth of perspective to comérithe
critical dialogue and informed actions necessary to createonger
world. Therefore, activities should not only support leagn21st
century skills, but they should emphasize and illustragséhcon-
tent areas.

In this paper, | first briefly introduce pedagogical foundas
for AR games, and describe previous educational AR gambsenl t
provide an overview of the RtR gameplay and my testing method
ology. Finally, | use the 21st century skills framework tsess the
results of RtR game trials, and to examine more generallytiee
of AR games in education.

21t CENTURY LEARHING SKILLS
Infarmation Managerment Skills

Mapaging, integrating, accessing, and arganizing information fom
roditile sogrces aned hapes, Handihg ited resoirces.

Meddia Fluency Skils

Fluercy across muibole media formats, mutimodal Binking,
transigiing fram one medidm to another, Fecogmizing wawal and
textual relationsiips.

Communication Skills

Using, creabng and understanding verbal non-verbal writen, and
muitimedia forms of communication.

Critical Thinking and Problem Solving Skills

Evaiyating, crbiquing, ahe apewalsing caries probiers ahef
Information. Effectively making decisions, framing prafbems,
formuiating ypatheses, drawing conclsions, and finding
Interconnections among factors.

Enthusiasm, Creativity, andd Curiosity

Motivated searching and shaving of hew ideas and information;
Intelectial and social cariosily, openhess fo Rew exXpelences.

Consideration of Multiple Perspectives

Seeking out, considedng, reflecting ok, Integrating, ams respanding
to poditipde apinions and diverse viewpolnts,

Teamwork and Collaboration Skills

Exerclaing teamwatk, cooperatian, and interpersonal shils, Leading
others, delegabing vesponsibiitics, shaving information, learmipy
fror abd teaching others, ermpathizing with others, ralepiaing,
gdapting to and respeciing other ideas.

Self-Direction, Responsibility, amd Reflective Learning Skills

Selting persona! goals; directing one’s own learning, reffecting on
one's houpht processes and learning requirerments; being fleble
responsible, and dependabie,

Social, Global, amd Comimanity Awaensss

Understanding the consequences and implications of systems,
beliefs, and actons, acting ethically, apoliing learning to alobal and
communty concerns, Making nfarmed declsians, Iniliating diglogue
and getivities to betler one's cormmuniy.

PAdapted from The Partnership for 215t Centuny Skills, "Leaming forthe 21t
Century” (2003)

Figure 1: The 21st Century Skills Framework.

2 Background

Augmented reality (AR) games are gaming environments timat e
bed virtual, location-specific and contextual informatimto a
physical site. These games require mobile or ubiquitouspcm
ing devices, such as handheld computers or cellular phomes-
able game participants to access this virtual informatiostead of
putting people in an artificial world, these games augmenptiys-
ical world by embedding them with digital data, networkingda
communication abilities, and enhanced properties [Mad&86].
For example, designers of AR games might program “hot spjts”
digital information to appear in specific physical locagdhat can
only be retrieved by using a PDA (personal digital assijtanby
reading an RFID (radio frequency ID) tag. Game participames
encouraged to detect and access these hot spots and usebtag: em
ded data—in conjunction with real world objects—to playdhene.

Support for using AR games to teach comes from a confluence
of factors. One, the growing penetration of mobile devicesdu-



cational settings: wireless handheld devices such as Pbdsa-
bile phones are becoming more ubiquitous in classroomsuseca
of their relatively low cost, accessibility, flexibility,atworking ca-
pabilities, and portability [Klopfer et al. 2003; Dede 20@ieterle
2005]. Simultaneously, video games and other types of gamges
gaining increased acceptance as potential learning emgats
and as supplements to classroom curricula, in part bechegstip-
port engagement, curiosity and motivation, social intéoac new
semiotic systems, and identity reconfiguration [Gee 20QRIir8
and Barab ; Jenkins Ill, H. 2002]. AR game’s particular peten
tial as an educational medium is sustained by a few pedaglogic
frameworks, including Constructivism and Situated Cdgnitas
described in Klopfer, et al. [2003]. For example, in Constitism,
learners actively construct their own knowledge, instetgas-
sively receiving information from a teacher or guide. Thegrh
cooperatively and socially, and upon reflection on their dsarn-
ing process. In the Situated Cognition approach, contexiearn-

ing, knowing and doing, are seen as interdependent [Dedk et a

2002]. Cognition is wedded to a specific situation and thdestts
environment is essential to learning; an environment ctam, an-
hance, and scaffold certain types of performances, appesato
problems, or learning activities. Putting these togetA&,games
can be an authentic practice field—it can establish scenarol
provide resources so that students can effectively workttey to
solve meaningful problems and construct their own solgtiorar-
ratives, and connections, in the environment where theydyp-
ically occur.

MIT’s Teacher Education Laboratory has developed anddeste
a suite of AR games, each of which enables students to work col
laboratively on problems from within a real world locatidn.En-
vironmental Detectives (2003), an outdoor game, partitipaork
in groups to analyze a virtual oil spill that occurred on tletual
MIT campus. The participants navigate a physical locatiuh ase
handheld and GPS devices to gather information from vigaate
characters and take virtual toxicity analyses at specifi§ Goordi-
nates.

Similarly, in River City AR (2004), based on Dede’s multieus
virtual environment (MUVE), Charles River City, particita in-
vestigate a potential simulated biological epidemic in atdoor
portion of MIT’s campus. In this game, a team of participaateh
with unique roles and responsibilities, must work togetbetivide
resources, gather information, and take virtual measunesrend
medical examinations to solve the epidemiological mystéRor
more information, see http://education.mit.edu/ar/).

Initial findings from these AR games, such as Klopfer, et
al. [2002], suggest that they encourage teamwork, scieitidiry,
and resource management, and potentially teach 21st geskills,
further motivating my creation of RtR.

3 Overview of Reliving the Revolution
(RTR)

Building on this research, | designed a new AR game, Relitlieg
Revolution (RtR), as a potentially effective and engagintivity

for teaching and motivating 21st century skills, and infigscivic

literacy and historical content into middle and high schaaric-

ula.

RtR takes place in Lexington, Massachusetts, the site didte
tle of Lexington of the American Revolution. The goal of tremge
is for participants to “relive” the events of April 19, 177&nd de-
cide who they think fired the first shot at the Battle of Lexomgt
which remains a mystery today (Figure 2). To do this, gam#gar
ipants explore the present-day Lexington Common and ingpec
physical buildings and structures that were involved in Bagtle
of Lexington. They also use a GPS-enabled personal digtsa

tant (PDA) to help navigate the physical environment ancesgc
and store virtual information pre-programmed to appeapeti§ic
GPS coordinates (Figure 3). Participants can (a) “talk” hissoric
figure such as Paul Revere or Captain John Parker (thesellae ca
non-playing characters or NPCs); and (b) inspect a game drem
real building (such as a musket or Buckman Tavern). For el@mp
when a participant gets closer to the Old Belfry, a photo aad d
scription of the item is triggered to appear on the PDA (Fégd).
Or, when a participant approaches the northeast cornerxohg-e
ton Common, an NPC such as Minuteman soldier Nathan Munroe
is triggered. The participant can then read his version®gtrents
at Lexington, which appears in the form of a concise writiest t
timonial. NPCs will often also provide to the participant raph-
ical document or image, which are typically copies or retoea

of actual documents from the Revolutionary War period, sagh
diary entries, letters, newspaper articles, maps or skstar pho-
tographic images of physical buildings and signs aroundrigtgn
(Figure 5).

The testimonials and other multimodal media provided: (s
jective versions of what happened at Lexington and who fined t
first shot, that could be used to refute or corroborate other e
dence; (2) contextual information that could help the paréint
understand more about the social, economic, geographipdaitid
cal forces shaping the Battle and Revolutionary War; (33itigtat
would provide the flavor and tone of the time period; (4) clag$o
whom to speak to or where to inspect next; and/or (5) inducgéme
for the participant to look closer at physical or virtual etfs in the
game environment.

Owverview of RtR
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Figure 2: Overview of the major game elements in RtR.

The participants play the game in pairs and in one of fourstole
based on actual historic figures from the Revolutionary War p
riod: Prince Estabrook (African-American slave/Minutemsol-
dier); John Robbins (free/Minuteman soldier); Ann Hultboyal-
ist/townsperson); or Philip Howe (Regular (British) seldi More-
over, participants collect distinct evidence based onrtrae in



the game; for example, an NPC such as John Pitcairn, the majorgame play and history concepts; (2) videotaped and in-pevbe

of the British regulars, provides very different evidenoeatMin-
uteman soldier than to the female townsperson or fellowidrit
soldier roles. The game is structured into two 30-minutetjari-
ods: Time 1 in the game simulates the moment before the Rittle

servations of the participants’ game play; and (3) a cordaatysis
of the debate, game interactions, and participants’ noRestic-
ipants also provided oral feedback on their subjective egpee
of the game and what they learned. In this paper’s evaluatfon

Lexington has begun and the first shot has been fired, and Time 2RtR, | specifically look at how AR game elements such as collab

recreates the moment immediately after the Battle ends.S\PG
vide different testimonials and documents in Time 1 and Tine
Participants gather and analyze as much information ascéaeyn
Times 1 and 2; following this, they come together and calety
compare their role-specific evidence, share hypothesdsjerate
who they think fired the first shot.
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Figure 3: This map of Lexington Common appears on the partici
pants’ handhelds, along with colored dots that indicate 4pmts”
of information: the historic figures (NPCs) and game items.

In addition to the primary goal of deciding who fired the first
shot, each pair of participants can also solve two roleifpeaini-
objectives or “secret missions.” These missions help guldect,
and check one’s progress in the game. They also help theiparti
pant tackle and compartmentalize the more complex histprés-
tion, because they highlight different hypotheses as tofivad the
first shot. In other words, while playing RtR, participanésdocus
on smaller specific subtasks, rather than just the largevjeldy
goal; and by completing these mini-objectives, they carelzalvet-
ter grasp of their progress in the game and a larger pictuvenat
happened in Lexington.

Although | designed RtR for middle and high school students,
is flexible enough to engage and challenge college studehtte
still being accessible to younger participants. | creat¢éd By
adapting and modifying the game system used for MIT’s Rinigr C
AR. | researched, devised and designed all of the contergame-

play. There were approximately 40 NPCs and 10 game items in

RtR, each of which provided differing information to eackerand
within each time period. | based the game’s content on eixens
research on the Battle of Lexington and the American Re\wiut
and built in 16 distinct historically-based hypothesesastto fired
the first shot.

4 Testing

In June 2005, | tested RtR with three separate groups of stside
the first two consisted of college and post-graduate schodests,
the third consisted of local middle and high school studektsa-
surements included: (1) pre- and post-game survey instrtg1os

ration, role-playing, mobility, and narrative influencetsapported
aspects of 21st century learning.

5 Results

In general, RtR enabled participants to simulate the digt#viof

a historian—investigate a historic problem, collect andhpare
evidence, test and debate hypotheses, and draw conchlusitins
in the place where this evidence was originally generated: A
though participants could not relive the past, they coulckss it
from within a living, breathing site. Likewise, participarfelt that
they were deeply and meaningfully exploring a historic mome
and site, and comprehending the context for what occurréexa
ington. They immensely enjoyed reading the personal a¢safn
the Battle, playing the game with peers, inhabiting a rahe, eon-
trolling the game’s navigation and outcome. They seemeulast
tic, motivated, and appropriately challenged. They toairttasks
seriously—they embraced its challenges and critically ersad
themselves in the game—in part because they felt that thes gam
environment, content, objectives, and issues were authemd
also because they felt they had a unique responsibility geday
over the game’s outcomes. Accordingly, participants ctillely
constructed novel narratives of the past after engagingletailed,
information-rich debate on the collected evidence. Dutlng pro-
cess, they seemed to become more open to diverse opinioits, wh
also reflecting and critiquing their own interpretationsturn, they
considered more deeply their own personal biases and peived
notions, and even articulated the necessity for applyindtiphel
perspectives to current global and community issues.

In the following subsections, | describe in detail the resaf my
game trials, which suggest that many of the game’s elemiarstss,
and actions in RtR enabled and enhanced the practice amingar
of 21st century skills.

l.;'t‘-—g" Game Item Location &3 £ 6:42 @

IDv Old Belfry

This is the site of the Old Belfry
during the Battle of Lexington, The
Belfry stood on the Lexinaton Green
and sounded the alarm on April 19,

Inspect Item | |

NI

Return

Figure 4: Participants can access virtual information &toild-
ings and other structures around Lexington Common.



5.1 Information Management Skills

RtR seemed to encourage participants to practice infoomatian-
agement, critical evaluation, and comparison skills, beeadit re-
quired participants to access, navigate, and manipulaighavir-
tual historical database mapped to a physical environm8imtce
there was no clear linear or established path through thesgm
successfully play it, the participants needed to constheit own
unique course through the content. Thus, participantsrbdua
game by interacting with any NPC or game item of their choos-
ing, and then based on the information they received, dedtuksr
next move. Each time the participants reached a new “hot"spot
they stopped, read the testimonial or inspected the itendalio-
terpreted the information, and considered its relatignsbiother
collected data. For example, in one pair's exchange, twtgpar
pants interacted with a Minuteman soldier (NPC). One paditt
read aloud the essential parts of the testimonial, “Nathamngke
was also fighting and went to the tavern,” and then said to &g p
ner, “We need to get to the tavern, that's where all our gugs’ ar
She then looked at the handheld to find the approximate tmeati
of the tavern, pointed to it in the real world, and the pairkedl
together across the Lexington Common toward it.

While the abundance of information was initially overwhelm
ing, once oriented, it seemed that the openness, depth,etad d
of RtR encouraged participants to plan geographic andéateial
routes through the information, discover novel relatigpsiamong
evidence, manage their resources, and integrate infasmé&iom
multiple sources. Because participants were continuatigtirig
new puzzle pieces of information, they needed to keep réspap
their hypotheses and reorganizing their data. In other sydRiR
gave the participants a taste of managing a large archiveverfsg
historical sources, mimicking the work of a social scientis

Moreover, in addition to navigating a large amount of infarm
tion, participants needed to divide, delegate, and sharielil re-

5.2 Maedia Fluency Skills

In RtR, the participants fluidly integrated textual, gragathiand
physical information, and then articulated the connestiasing
multimodal formats. They compared written testimonialsalr
world objects, and images of documents; they inspected them
closely, interpreted their meanings, determined theimections,
and figured out which evidence to trust in light of contraidics
or discrepancies. They continually shared and supportedpire-
tations of evidence by speaking to other participants, gurisg
their visual data on their handheld, showing or pointing mugs-
ical objects, or writing notes that summarized connectiam®ng
data. Participants seemed not only to easily transitiom frextual
to graphical formats, but RtR also compelled them to loolseto
at the built environment and found physical objects, itsdscand
meanings, and find connections between the real and virtorddisv
Moreover, it motivated participants to look more deeplyre €v-
idence, and analyze closely not only the text, but the visual
contextual elements of game images, structures, and sbjécir
example, one participant said that “this [game] makes youady
look at stuff. Like ‘oh, that house over there was lived in hgtt
famous [person].” In another instance, participants resga tes-
timonial, and judged it as more authentic when they saw theesa
words etched into a physical monument on Lexington Common
(Figure 6). Furthermore, participants would judge imagesed on
their source or perceived historical authenticity, pagihg diary
pages or old letters over photographic evidence. This siggeat
the incorporation of multiple media formats in AR games oap-s
port the practice of media fluency skills, but also stimulzigécal
thinking, creative problem solving, and stronger commatiin.

5.3 Communication Skills

RtR seemed to further the practice of communication skills i

sources, such as maps, notes, handheld, GPS devices, and mai@ variety of ways, including its collaborative-intensivangeplay

power. And, since participants only had thirty minutes tthga
evidence before, and then after, the Battle, they quickty toebe-

gin experimenting with strategies on how best to traversérigton

and the game. Thus, when designed with an accessible, &athen
and navigable information database, and appropriate pess) an

AR game can challenge and support necessary information man
agement skills.
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Figure 5: An example of a document that might be provided by a
virtual historic figure (NPC).

and physical environment, which enabled both serendigstiex-
changes and the motivated sharing of information. Firatesthe
participants played the games in pairs, they needed toathstr-
ticulate to each other their interpretations of the evidethey gath-
ered, explore hypotheses aloud or on paper, and share ¢egiis
and documents accessed on the handheld to support theifsbeli
For example, typically after retrieving a testimonial cspection of
a game item, participants would take turns reading it aldistuss
what it meant, and how it connected to other information thag
gathered. They would also jointly decide where to traveltnlex
showing each other places on the map on the handheld, artihgoin
to sites in the real world.

The role-specific mini-objectives (“secret missions”)caksn-
couraged participant pairs to share information with otpairs,
since they often needed information from others to complete
objectives. Each role received distinct information, seythelied
on other roles to fill in gaps, corroborate findings, or expdise
crepancies in NPC stories. Moreover, for each of the garabstri
participants communicated extensively throughout theatighus-
ing the data, observations, and experiences they gathenedttie
one hour of evidence collection and interpretation. Thégpants
arguments were well-supported by research and their useaef m
terial was both insightful and innovative. Since they webkeao
communicate their detailed analyses to others, it furthggssts
that they had each gathered, interpreted, and digested armasint
of material.

For example, the following is an exchange from the debate pe-
riod of a game trial.

Minuteman 1. What is interesting is that you are a loyalist
woman. Who did you get to talk to?

Loyalist 1: Essentially loyalists, soldiers in the King's troops,
and the drummer William Diamond. They were all blaming it on



the rebels or the Minuteman.

British Soldier 1: Did any of you talk to Margaret Winship?

Slave 1. Yes, we did. In the first part she said, "Stay away from
me slave, she was mean to us.”

Loyalist 1. We talked to her in the beginning, and she had seen
Daniel Murray talking with the members of the Kings reginmsiy
the schoolhouse.

British Soldier 1: You are a loyalist? How was she described to
you? Oh, [Margaret Winship] said it was probably some dranke
Lexington townsmen and shot at.

Minuteman 1. Daniel Murray said that Sylvanus Woods was
a spy for the King, and that Paul Revere is not trustworthyatTh
confirms what we found with what [British Soldier 1] found.

British Soldier 1: It was Daniel Murray who said that it was
hard to tell who fired the first shot because there were twossitot
once.

Minuteman 1: He is also suspiciously hanging out with the
King’'s Regiment.

Thus, during the debate, participants were freely verbadip-
municating their views, presenting their evidence, angtigg to
other’s ideas. AR games can provide opportunity for coltatiee
exchanges or debates, where patrticipants can trade themiere-
flect on their own conclusions, which can further ensure thetjce
of critical communication skills.

5.4 Critical Thinking and Problem Solving Skills

In RtR, participants collected evidence (by walking arouesling-
ton and retrieving data using the GPS-enabled handhelda)evi
analyzed information (discussed and interpreted the ecile/ith a
partner, categorized it on the notes sheet), decided reps éthose
how to navigate the game environment), selected othercjjzatits
to ask for information, made hypotheses (offered mini-eonjres
as they collected evidence), collaborated with others tmftate
bigger hypotheses, and drew informed conclusions. In atieds,
they didn't just collect data; they also interpreted it aalhted it to
other data. Said one participant, comparing it to what shmalty
does in her middle school history class: “A history clas#is tlata,
but this was like data and then you had to interpret or anatyae
top of it.”

To solve the game’s objectives, participants needed to ikie cr
cal thinkers; they had to identify biases in the evidencestjan
authorial intent, relate information to other data, andees the
limitations of their interpretations. Moreover, they hadoe prob-
lem solvers: they needed to frame the game’s objectivebapart
the problem into smaller issues, identify and evaluatergiateso-
lutions, and decide how to tackle novel challenges.

For example, in the following exchange in a debate of a game
trial, two paired participants reflect on the thought prectsat
led to their current hypothesis. Then, another participsdfers a
corroborating piece of evidence, but the first participasgsuher
role’s perspective to explain the biases in the other'senié, even
though it would further support her beliefs:

Participant 1 (British soldier): There wasn’t one piece, but it
was the mentioning of one name over and over again. Like, you
can never really trust one firsthand account, because ofedhbey
are going to be biased by their side. But if you get like foufize
people mentioning Edward Mitchell. It kinda leads you toides
that he did something...

Participant 3 (British soldier): We found a hat that had been
marched on. So that probably means that... the British were i
pursuit, that they probably came here looking for a fighty there
willing to pursue it.

Participant 2 (Slave): Like whenever we found a British person,
they were too busy to talk to people, they were only busy logki
for something and doing something.

Participant 1 (British soldier): Well that could have been you.
You are a slave and a Minuteman, so | don'’t think they wouldehav
talked to you anyways(looks for evidence on the handheld) be-
cause a lot of British people talked to us because we weresBrit
This guy said, “Those Lexington Minuteman asked for it. ThaM
uteman were out for revenge. They should surrender.”

RtR enabled participants to analyze realistic evidenog saive
an actual question from within a historical, social and gapjical
context. This encouraged participants not only to praatiitical
thinking and problem solving skills, but to view their actfoas
authentic, thereby motivating them further and strengtigetheir
ability to apply these tasks and conceptual frameworksHheratit-
uations. AR games, when based on authentic data and usiisy rea
tic questions and tasks, can possibly support criticallyais and
problem solving skills.

Figure 6: Two participants look at a monument on Lexingtomco
mon, with Minuteman Captain John Parker’s words, “Standryou
ground. Don't fire unless fired upon.”

5.5 Enthusiasm, Creativity, and Curiosity

RtR seemed to encourage engagement in the gameplay and enthu
siasm for history and historical thinking. It even inspireeativ-

ity; participants devised novel narratives or innovatieamections
among data, many that | had not planned or predicted. Rzatits
seemed very motivated to seek out new information and evign he
each other learn. They excitedly shared their findings atedtpne-
tations of evidence with others, and were particularly @usiafter
the game ended to find out who actually fired the first shot. A few
elements of RtR may have supported this:

First, the open-endedness of the game enabled participants
uncover and develop their own game narrative and solutiartid?
ipants enjoyed feeling agency over the game. Related tptties
“history mystery” aspect of the primary objective motivéigartic-
ipants to figure out who fired the first shot. Said one partitipa
“Once you got that first testimonial, you just want to keep oing
to find out who it actually is.”

Second, retrieving information using a handheld devicecamd
tinually finding new “hot spots” lent novelty to the game asdid
one participant, “mimicked the process of discovery.” Arestpar-
ticipant noted that, “the thing we had the most fun with onteam
was ‘oh were getting closer, oh we found one,’ the wanderiml) a
finding” of the hot spots.

Exploring a physical location also motivated participantiearn
more, and engaged them further in the game. For instancgarne
ticipant noted that the walking around made the game “mogeg@n
ing and more interactive,” and another said that the bestgbdine
game was “getting to know a physical site.... [was] the exo#nt
of the game.” Many others also commented on how the ability to



walk around Lexington was the most important distinguigHia-
ture of RtR as opposed to playing, for example, a virtual hgton
game at their desktop. Said one participant, “It helped mea pet-
ter sense of the historical site itself by actually beingeh&tudents
could get a sense of the historical site itself by walkinguadand
seeing the places and imagining where these things took .plac
is still better than the substitute of a virtual game.” Sarly, the
participants especially enjoyed being able to activelykveabund
and learn, rather than sitting passively in a classroom.

Participant 1. Yeah, if we sat in a classroom and did this and |
would walk away and be like “Yeah, okay.”

Participant 2: But when you are actually moving around to do
it.... | think it's definitely more interesting to do it thisay than to
sit in the classroom.

Inhabiting a role also motivated participants, not only dese
other participants relied on them, but also because it nfeeta tu-
rious about what information other roles were receiving e Qar-
ticipant noted that when she met virtual historic figures wieoe
slaves, she thought, “oh, | wonder how [our evidence] iseddit
from what the slave role is getting ... | wonder how she isitgko
me is different from how she is talking to them” (Figure 7).

And finally, the AR game increased enthusiasm by enabling
more social interactivity and collaboration among papticits. Said
one participant, “I think that the social aspect of beingettegether
in Lexington ... made it much more enjoyable.” Participantse
excited to share their hypotheses with others and bounes o
their peers. They looked forward to collaboratively uncowg the
overall mystery by comparing evidence and re-evaluatieg ttwn
beliefs with others’ perspectives. An AR game may be padity
suited to supporting these elements, and therefore, maplbea
encourage the enthusiastic practice of 21st century skills

5.6 Consideration of Multiple Perspectives

While collecting evidence in RtR, the participants expeci the
Battle of Lexington and interact with the virtual historigdires and
items from unique, distinct historic roles or lenses. Thauring
the debate, the participants share, compare, and evahetewn
and others’ perspectives to devise the best hypothesistfat ap-
pened at Lexington. Therefore, the game play, such as the inc
sion of roles, the collective debate, and the role-speaificrma-
tion, all support the participants’ consideration of aitge views
on the Battle of Lexington. Moreover, by using an open ganvé en
ronment with simultaneously accessible diverse view$erathan
textbooks or other traditional pedagogical methods, toesgthe
various perspectives and information, RtR encourageidjges and
revisions of master narratives of the past, making pagitip more
open to new ones.

The trials suggested that participants more aware and tiogep
of others opinions and viewpoints. For example, said onggpar
pant, “I learned about all the different sides. Normally yweould
just think of the American soldiers and the British soldjeslaves,
the wives, the Minutemen, there are people frustrated logrpef-
sonal reasons, patriotic reasons, You get a sense of theretiff
roles of that time period.” Another participant noted theading
the diverse historic figures’ testimonials, “gives you aé&arpoint
of view about what happened.” Echoing this, a participamh-co
mented in the focus group that, “In the [pre-game survey] s
asked who fought in the Revolutionary War, well its the Biitivs.
the Americans. Then you realize it's not just the British dhe
Americans, it's the British army against the rebels, slaaesl ev-
eryone has their own agenda.” After the game, it seemed hieat t
participants began to have a more complex, nuanced undeisga
of the various points of view of the historic moment of the tRat
of Lexington. They did not just interpret the tensions iveal in
the Battle as a simple dichotomy, but as a more multi-dinoevai
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1 have been helping Daniel [
Harrington create guns for the
Lexington militia, we have been
wiorking day and night, and some
of the guns: are poorly
constiucted. [ ever noticed that
sometimes those muskets go off
accidentally! T hope that isn't
what happered here in Lexington
today,

Figure 7: An example of a testimonial of a virtual historiadiig or
NPC. In this testimonial, James Robertson, a slave in the v
Lexington, is speaking to the slave role in RtR.

issue with many factors involved. Furthermore, AR can espia
variety of views by emphasizing or suppressing certainsiadeg-
gesting that it can be used as a powerful tool for explorimg; s
ulating, and teaching multiple perspectives and the aaoept of
alternative views.

5.7 Teamwork and Collaboration Skills

In RtR, there are many opportunities for participants toctica
interpersonal and teaming skills, such as the sharing olress,
the communication of expectations and opinions, divisiblaloor,
leadership, and role-playing. The physical nature of RtR ma
crease the game’s collaborative potential—sharing ailmtdtased
game environment encouraged participants to interacalbpeibut
the game play also seemed to strongly support the practitesé
skills. First, the participants can play the game in paicssirare in-
formation with other pairs. And, the participants intefaetjuently
during the debate period. As a result, throughout the gaarticp
ipants experimented with different collaboration styleaded off
responsibilities, and took turns as the leader. Said ontécipamt,
“It was fun to play with others, one, to have someone to help wi
the handheld/taking notes, and two, just to have someoneutade
ideas/theories off,” while another enjoyed being able tclange
ideas, notes, plan what to do next” with a partner. Becawesgame
play necessitated dialogue and sharing of evidence, thieipants
needed to continually share their views and interpretafidebate
hypotheses, and agree on next steps. The interdependeraesof
in terms of distinct evidence led to broader group collaboreand
a non-competitive spirit. For instance, often particigambuld ask
other pairs questions such as, “Did anyone else get to Paalr&®’
or “Did you hear anything about the trunk?”

The playing of a role also helped participants adapt to and em
phathize with others’ views, while helping them more clgdmind
to their game partner. Because participants were playiagdie in
pairs, they immediately formed a connection since theyhithd a
shared identity. Moreover, collaboration encouraged@pénts to
try out new ideas and identities, and digest and retain toerira-
tion more deeply. This suggests that AR games can be designed
weave in multiple scenarios that reinforce the practiceoibbora-
tive and teamwork skills.



5.8 Self-Direction,
Learning Skills

Responsibility, and Reflective

In RtR, there were no pre-established game endings or ivasat
instead, participants made their own hypotheses and disesy
monitored their own learning, set personal goals, and obtetf the
pace of their play. Empowering participants with a senseeef r
sponsibility and setting appropriate and flexible bouretahielped
motivate the game participants. RtR places participants $afe
game environment where they can more easily break apam thes
narratives and play with their own theories. Said one padi,

“| liked the sense of control over the learning experienc tine
has, you had the ability to take your own pace and navigate:gr
[the game and Lexington], thinking ‘oh, | forgot about tHist, me
go back and check that out.” This encouraged the parti¢goaat
only to collect evidence, but then to question and reflectheir t
interpretations, and creatively back up their novel claabsut the
past. They began to see themselves as valid interpreterscand
veyers of a past moment.

For one participant, through a self-directed constructibher
learning and a possibly new sense of entitlement, she wastabl
delve more deeply into the historic moment, as well as theegam
itself. She said, “in [this game] you had to put it togethenyhad
to research and then figure something out for yourself. ltmtas
like a set [answer] like ‘you have to click on this conclusioow.’
You have to come up with whatever.”

The debate also helped encourage group and individual reflec
tion on the learning process through, for example, peerstigs
into each other’s interpretations. By helping to frame tjoes
and pose questions at appropriate points during the debates
also able to encourage participants to further reflect orgéimee’s
issues. This further supports the idea that AR games do Rot re
place teachers; instead, they are necessary to ensurednaing
objectives are met and to add yet another perspective to the m
On the other hand, while it is imperative to properly scafftite
gameplay and learning, it is also essential to let partidpanake
mistakes, be self-reliant, solve snags, transgress bdesgdand
experiment with ideas. AR games, through a balance of freedo
and constraints, can provide agency to the participantpasdibly
strengthen self-directed learning and reflection skills.

5.9 Social, Global, and Community Awareness

RtR encouraged the participants to reflect on their recoctstn of
the Battle, and also to think more deeply about their preeved
notions and myths of the Revolutionary War, and history inegal.
Participants became more aware of diverse viewpointsntiudve-
ments of different historic figures, the interrelation obromics,
geography and politics, and the spectrum of agendas foradtie v
ous townspeople and soldiers. Participants began to amsicat
textbooks offer as opposed to original sources, as well apén-
spectives missing from dialogue on global issues. For el@mp
the following exchange, one participant expounds on thelpros
of bias in the testimonials of the NPCs in the game, and eiate
an international issue:

Participant 1. The textbooks always focus on one side, and with
this you got both sides of the story.

Participant 2: In America, we have American textbooks and
they are written by Americans, so of course you always gefthia
trayal of the British as being the bad guys and I'm sure th&dri
kids when they learn about this, it's completely differdtis either
that the Americans are the bad guys, and like of course itfsgto
be different depending on what side your country is on. Timesa
with Iraq, people are going to in years to come when we readtabo
that in textbooks it is going to be different.... Everythiisgcon-
trolled by some higher powers so of course it's going to bedia

In RtR, participants take their more multifaceted underditeg
of the Battle of Lexington historic moment, and start to telt
other situations and even global social problems and coditigie.
AR games can present multiple dimensions of an issue in ieaut
tic and compelling way, which can potentially motivate paApants
to apply this to other problems and disciplines.

6 Conclusion and Next Steps

In this paper, | explored a potential activity for teachirigscen-
tury skills that could be part of a broader social studiesiculum.
The results of my initial tests suggest that an AR game su&ttRs
can engage learners in an authentic practice of critical&rgtury
skills, if designed and implemented properly. In this usiggame
environment, participants were able to manage and navigee
amounts of data, fluidly analyze and communicate among pheilti
modes of media, apply visual analyses to images and objegts,
out various leadership and collaborative styles, idertigses in
evidence, refute others’ claims using found data, reflecbrogis
learning process, construct one’s own narratives and hgges,
adapt, play, and experiment. Moreover, participants tbaklearn-
ing and applied it to other situations, and began to considdti-
ple perspectives or alternative viewpoints in their intetation of
issues. Most importantly, RtR seemed to motivate an erdhtisi
and engaged practice of these skills, and perhaps, helpguhttic-
ipants recall and apply them more easily.

Further, these results suggest that AR games can be miogyati
fun, and engaging environments for learning 21st centuifyssk
AR games seem to have the potential to make large amounts of in
formation more navigable, intriguing, and memorable by piag
it to specific geographic locations. It provides an autleeetrning
field where participants can work on realistic problems evliil-
teracting with other participants, the physical environimend ac-
tual data. It seems to support collaborative styles, setiémnined
constructions and evaluations of knowledge, reflectioeativity,
curiosity, novelty, and discovery.

My hope is that researchers, game designers, and educaliors w
experiment with AR games and other pedagogical approaches t
find engaging ways to support 21st century skills. We needemor
research conducted on AR games in other locations and @nviro
ments, concerning other types of problems, and using atyasfe
content. We must consider how best to incorporate AR gantes in
more traditional pedagogy, and how to support AR with teeghe
mentors, and guides. Finally, we need to invite studentsesige
these games alongside educators. By encouraging them tedia m
creators, we can help students participate in and feel nsitple for
their own educational processes; and hopefully, to cautiloriti-
cally to their local and greater global communities.
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