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INTRODUCTION

While the last decade has seen massive improvements in not only the rendering quality, but also
the overall performance of console and desktop video games, these improvements have not
necessarily led to a greater population of vide game players. In addition to continuing these
improvements, the video gameindustry is also constantly searchingfor new ways to convert
non-players into dedicated gamers.The recent success of E1 O A Wil doidir@ler is often
credited to its support of natural and intuitive gestural interactions, and much of the attention

to this platform has come from its ability to attract people from markets not typically thought of
as gamers. Indeed, stagt-home parents, retirement homes, and working professionalmake up

a large portion of the Wii audience, which at the time of this writing is ovet3 million (status
Sept. 2007).
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Figure 1: (left) Desktop-based games are often an isolated activiy even when gamers play in a multplayer mode.
Therefore, traditional board games are still very popular (right).

In addition to the popularity of gestural interaction, the multi-player nature of console games

makes them more communicative than singllayer desktop games. Even when desktop games
are played in amulti-player mode, individual players are still separated from one another in
front of their personal displays(seeFigure 1, left). Despite the growing popularity of computer

based video gamespeople still love to play traditional board games, such as 4, Monopoly, and



Trivial Pursuit. Monopoly, for example, has been sold over 250 Mio. tintesorldwide . Board
games bring groups of people together around a table, and foster fateface communication in

a social setting (Figure 1right). While engaging,traditional board games lack the interactive,
graphical feedback provided by video games. Additionally, a single console is capable of playing
a multitude of different video games, a feat that is obviously not possible for traditional board

games becausef their physical nature.

Both video and board games have their strengthand weaknesses, and an intriguing conclusion
is to merge both worlds.We believe thata tabletop form-factor provid es an ideal interface for
digital board games. In contrast to deskip basedvideo games,tabletop gamers have the
advantageof arranging themselves facdo-face while playing This arrangement should lead to
better collaboration and ultimately more enjoymentduring the game.Several attempts have
been madeto bridge the gap between traditional board games and computer gam¢g4], and
there is evidence thattabletop-based videogames mergesome ofthe advantages of traditional
board games and video gameld]. They combine the social interaction and the physit activity
of board games with the visual, acoustic and haptic possibilities of video gami@. Players are
able to deduct other player$ intentions by observing their actions [29]. The technical
enhancements of the game board allow tasks that are perged as cumbersome to the players
(such as shuffling cards or counting the poinjsto be taken over by the computerThus, the
player is able to fully concentrate on the game itself (e.g. strategie®dnother advantage taken

from video games is the capabity to save the status of the game and resume it latgt9] .

The design and implementation of tabletop games will be influenced by the hardware platforms,
form factors, sensing technologies, as well as input techniques and devices that are available and
chosen. This chapter is divided into three major sections. In the first section, we describe the
most recent tabletop hardware technologies that have been used by tabletop researchers and
practitioners. In the second section, we discuss a set of experimentabletop games. The third

section presents ten evaluation heuristics for tabletop game design.

TABLETOP HARDWARE & THE TYPES OF INTERACTION THEY SUPPORT

Multimodal interfaces that combine gestures with additional modalities such as speech have
been examired since the early 80s and have shown significant potential to make human
computer interaction in games more natural and efficient. A number of systems have emerged in
recent years in which we can interact by speech combined with pointing or more complex
gestures. Using a variety of available sensors and targeting diverse use environments, existing
research has addressed the recognition of detailed hand gestures as well as full body (pose)

gestures[11]. Physical user action as an interaction modality haveeen recently explored in

L http://www.playmeportal.com/spielzeug/Monopoin-Zahlen.html



research projects, mostly in an entertainment/sports context and has entered the commercial
realm with the EyeToys extension for the Sony Playstation 2 and with the Nintendo Wii console
[20].

This section aims to identify severalof the major tabletop hardware platforms that tabletop
game developers might choose to target. Rather than provide a detailed explanation of each of
the technologies, we aim to give the reader a brief overview and pointers to where they might

find more information to aid them in their platform choice.

SmartBoard

SMART Technologi¢shas been selling interactive whiteboards since the early 1990s. While their

main products have been and continue to be vertically oriented, touetensitive displays sold to

the education, defense, and business meetingom markets (Figure 2,left), researchers inside
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products for several years.

The main sensing mechanism used in these whiteboards is a computer visibased technology
called DVit™M [17]. Cameras plaed in each of the four corners of the surface view a shallow
region in front of the display (Figure 2,right). When a finger or stylus enters this region, the
system calculates its position by triangulating the images of the finger or stylus from severat
these cameras. Multiple cameras provide some redundancy in positioning; however, problems
can arise as each touch effectively hides the parts of the display that are behind the touch as seen
by any one camera. Similarly, objects placed on the table hideeas of the table from the view of
the cameras and can interfere with the interaction. Four cameras (one in each corner of the

display) seem to be enough to robustly support two points of contacts.

Figure 2: (left) While normally used as a verticatouch-s cr een, SMART Technol ogy6s interact
laid horizontally and used for tabletop interfaces(right) A camer a i n each corner of the di
or stylus.

2 www.smarttech.com



DiamondTouch

The DiamondTouch table was first presented n 2001 by Mitsubishi Electric Research
Laboratories as a multiuser, debris tolerant touch technology. Since then, it has become
commercially available to researchers and application developers as a research prototype and
dozens of colleges and universitie have received DiamondTouch tables through an educational
loaner program. The sensing technology behind DiamondTouch is an XY pair of antenna arrays
embedded in the surface of the table. Each user sits in a wired chair that broadcasts a unique
array whenever touches occur (Figure 4). Because each user sits in a different chair, the table is

able to distinguish touches among the users. Current prototypes supgarp to four users.

While objects placed on the DiamondTouch table do not interfere with input, problems can arise
with multiple points of contact made by the same user as touches effectively mask other touches
in the X and Y direction. In some situationghere is an ambiguity among multiple touch points,
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Figure 3: (left) Touches from different users on a DiamondTouch table are distinguished from one anothiérough

OE

separate signals broadcast through each usero6s chair and

antennas (right) The table distinguished multiple touches from different users

SmartSkin

SmartSkin was first presented in 2002 by Jun Rekimoto from the Sony Computer Science Laboratory.
SmartSkin embeds a 2D antenna array into a surface, and supports multi-point, free -hand touch input.

The technology works through sequentially using each antenna in the array as a transmitter while the

remai ning sensors are used as receivers. A users or
this signal from the single transmitter to every receiver in range, giving the system a picture of the

areas of contact on the table. The capacitive sensors measure a range of values; thus SmartSkin can

be tuned to not only sense contact with the table, but also hovering above it. Like DiamondTouch,
SmartSkin is debris tolerant as non-conductive objects do not interfer with input. Similarly, SmartSkin

does not rely on compute vision, making the technology resistant to changes in lighting and occlusion

problems.

3 http://www.merl.com/projects/DiamondTouch/
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Microsoft Surface
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Figure4: (lef) Al | pictures are sent t o -basedkcantemlspwtdnshe tahlgrightaive, once t
cameras, a projector, and a PC are embedded inside the table

More recently, Microsoft presented the Surface table. This is expected to come to market later in

2008, but its price will initially limit its wider appeal. The system enables interaction withdigital

content through natural gestures, touches and physical objects. The Surface can track up to 40
simultaneous touches. In contrast to the DiamondTouch, the Surface is based on an optical

tracking set-up, where five embedded infrared cameras track tle entire table (the current

prototypes have a screen size of 30 inches). A special rganojection surface and an embedded

projector allow an optimal image. With the special projector, the engineers developed a relative

low-sized table with a maximum heigd T £ ve Ai 8 4EA - EAOI O £0 OAAI
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T-Mobile. In the photasharing application, for instance, friends can put their WiFi digital camera

on thetable and share their photos in a very natural way (seEigure 4).

An alternative is torecognizeand pair a device with RFID (Radid-requency ldentification) tags

or NFC (Near Field Communication). In this case, the table includes RFID readers which in
combination with RFID tagged objects can be used to save and load different content. NFC allows
devices to set up a link when brought together in close proximity. It is primarily designed to be
used on mobile phones. The content, however, has still to berg over Bluetooth or another
suitable link), since the NFC technology is not designed to transfer large amounts of data.
RFID/NFC is likely to be included in increasing numbers of mobile phones and other devices, so
in the future it may be possible for auser to have content from a mobile device appear on a large

screen just by bringing their device within close range of the display.

Frustrated Total Internal Reflection (FTIR)
While FTIR is a long and well known physical phenomenon and has been used fomygears to
capture fingerprint images in the biometrics community, it has recently gained much popularity

in the tabletop research community in Iarge part because of the 2005 work of New York



internal reflection of light traveling through a medium such as glass or acrylic. Light that enters

the side of such a sheet tends to reflect internally and remain inside the sheet. Fingers or other

objects that touch the suAAA OAODODOOOAOASG OEEO OAA&EI AAOGEIT 1T ATA
(Figure 5). When the glass sheet is observed from the side opposite the user, touches appear as

bright spots that are easily detected with a computer camera. Han describes the use ofligRt

paired with an IR-sensitive camera, which makes the input technique compatible with rear

projection displays. The relatively low cost of this input solution paired with the freely available

libraries [http://code.google.com/p/touchlib/] for performing the computer vision necessary

for input has made FTIR a popular input choice for tabletop researchers.
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Figure 5: Light that enters the acrylic table reflects internally until it is scattered by the fingeracrylic surface on the
display. The light is then reflected downward, through the display to where it is seen by a camera.

Entertaible

Philips announced the interactive Entertaible in early 2006, andjuickly began demonstrating

multi -user tabletop games[15]. While not yet commercially available as ofhe time of this
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multi -user entertainment device for group game playing. Philips has announced that their first

market will be restaurants, bars, and casinoiowever, they plan to eventually target the home

market as well. Sensing input is performed with a series of LEDs and photodiodes that are
AOOAT CAA AOiI OT A OEA PAOEI AOGAO 1T &# OEA ,#3%$ OAOAAT
hands and fingers, bck the view of the LEDs by the photodiodes on the opposite edge of the

table. Using this occlusion technique, Philips has demonstrated the simultaneous detection of

dozens of fingersized objects.

Stylus
Another way to interact with a table can be done by using a styluBigure 13a depicts a solution
of a rear-projection table in combination with a stylus To capture the OOA OO8 | bndnki AT OO

table, weusethe Anoto perf. Anoto-based digital pens are bdpoint-pens with an embeddedIR)

4 www.anoto.com



infrared camera that tracks the pen movements simultaneously. The pen has to be used on a
specially printed paper with a pattern of small dots with a nominal spacing of 0.3mm. Once the
user touches thepattern with the pen, the camera tracks the underlying pattern. It can then
derive its absolute coordinates on the pattern and send them to a computer over Bluetooth at a
rate of 70Hz. Anoto pens with Bluetooth are available from Nokia (SUB), Logitech (ic2), and

Hitachi Maxell (PenIT). From the pen, we receive the pen ID, the ID of the pattern shéeach

page has a unique pattern)and the position of the pen tip on theaper.

(c) (d) (e) ®

Figure 6: (a) The rear-projection table has tiny dots printed on a special foil.(b) The different layers of our trackable
table. (c-f) In the game Comino(seepage 17, digital domino pieces can be placed with a digital pen.

The digital pen (a) tracks the pattern, printed on a speciaBacklit foil (d), which generates a
diffuse light. Thus, no spotlights from the projectors are visibleat the front of the screen.
Moreover, the renderingand the brightness of the projected imagare still of high quality. In our
setup, we used one AO sized pattersheet(118.0cm x 84.1cm). The patternis printed with the
black ink cartridge (which is not IR transparent and therefore visible for the IR camera]Notice
that the colors Cyan, Magenta, and Yellow (even composed) are invisible for the IR camé&rae
pattern is clamped in-between two acrylic panels (b)(c). The panel in the back has a width of
6mm and guaranteesa stable and robust surface while the panel in the frortas a width of only
0.8mm to protect the pattern fromscratches. We noticed that the acrylic c@r in the front does
not diffract the pattern at all. However,OOET ¢ OEEAEAO £01 1T O DbAhddl O | Ac
tracking results. While we tested also successfully our tracking with a transparent foil, we didn't

achieve good tracking results usinghe pattern foil in front of a pasmaor a LCD display.



EXPERIMENTAL TABLETOP GAMES

)T OAROI O 1 & A CAithe@ ére dnyOdkarsird ith which 6nd tah Blassify
and describe tabletopgames. W can consider a game as eithawllaborative or conmpetitive to
describe the presense or absence of competition among playeSimilarly players may act as
part of ateam or as anindividual. The pacing of tabletop games are typicalljurn-basedor live-
action, describing whether or not input is performed concurrently by multiple players, or if

describe the relative importance of planning game commands vs. executing the

In reality, a game will most likely embody more than one of these classified dimensioms, even
switch between classifications during different parts of the gameplaythus making pigeonholing

a particular game difficult. Game designers usually use ¢ain genres as they explore the design
space to arrive at the goals of the game. Digital tabletop games are emerging internationally as
both research projects and commercial efforts. A selective set of contemporary work is reviewed
in this chapter. This sé¢is not meant to be exhaustiverather the intention is to provide a variety

of genres for the readers to explore. In this section, we use a broad categorization of games:

educational, therapeuti@and entertainment.

Educational
In recent years, researches at universities and in research labs have started to build tabletop
games for educational purposesPoetryTable Habitat, a language (Spanish and English) learning

table aresome of the examples in this categorfseeFigure 7).

Figure 7: The PoetryTable allows students to create freorm sentences using current vocabulary words. Double
tapping a word tile invokes a menu that allows the student to alter the word by adding prefixes and suffixes.

PoetryTable [28] is an educational game, inspredAU OEA D1 BOI A0 6@y Aci AGE
(http://www.magneticpoetry.com). The PoetryTable allows students to create freform
sentences and phrases by moving word tiles around the table with their finger&Vorking

individually or collaboratively, up to four users work to create poems in either English or



JapanesePopup menus give users the option to make duplicates of popular word tiles, to add a
suffix or prefix to a particular word, to conjugate verbsand to save a screenshot of the game in
order to preserve their poems.The activity is made more challenging by presenting both correct

and incorrect options for students to choose from in the conjugation menus.

Implemented using the DiamondSpin Toolkif28] on running on a DiamondTouch table, this
tabletop game has been a fixture at the reception area ahe Mitsubishi Electric Research Labs
for three years. Some of the observations and experience from this game have been reported in
[25]

Figure 8: The Habitat allows multiple people match images of animal® their home environments.
Habitat is an educational game also implemented with the DiamondSpin Toolkit. The gametable

is divided into five distinctive areas (cf. Figure 8). The center area is a large diamondwhich
readsO( %, 0 4 ( % ! . ) - !|.WBenthedydme (Starts, % region is filledvith a set of
animalimages 4EA &£ 00 1 AOCA AT OT A0 AOAAOG AOA OEITI A A
SEA, and ICE FLOES. Each of these four corner areas has a back ground image representing the
typical home environment for spices of animals according to the text labeldlayers work
together to match animals with their home environments by dragging the animal images to the
correct regions of the table. When a correct match is made, the player is rewarded with aiad

that reflects some qualityof the animal (e.g. the cry of a wolf). When the match is incorrect, the
animal snaps back into the center of the table and an error sound in playedOrganized by
WIRED magazine, the threelay NextFest 2004 was designed toiwge the general public a close

up, handson view of innovative technology. The game Habitat was run at this conference as one

of the applications on a DiamondTouch table, which was part of the Future of Design Pavilion.
During the course of this event, théables were used by almost 2,000 people. Visitors included
children, educators, executives, designers, and engineers. It was observed that children (aged 2
to teens) needed no tutoring or coaching in playing the Habitat al. Most of the children simply

approached the Habitat table and immediately started to move the animal images to the corner
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double-tap invoked menu allowed images to be duplicated on the spot. &\bbserved that some

adults had more hesitations without coaching. In particular, some adults were not sure what to

Al xEAT A AAAD xAO EAAOA AT A OEA ATEI Al EI ACA

dragged it to an incorrect home environment.

Figure 9: (left) This screenshot shows the ClassificationTable at the beginning of a task fudents learning Spanish.
Clues are piled in the center of the table. Each clue is$panishlanguage fact pertaining to one of the four countries
depicted in thet a b koenérareas. Students drag clues around the table with their fingertips and drop themwnto the
appropriate corner, then receive feedback about the correctness of tldassification. ¢ight) This ClassificationTable
allows students to sortindividual vocabulary words or longer sentences into one of four corners of the table, based on
various properties. In this example, students learning English work together to classify the English words according to
the number of syllables they contain. Dable-tapping a word allows a student to hear it pronounced through a private
headset. The words turn green when they have been properly classified, and red when they are placed incorrectly.

The ClassificationTablg17] game begins with a pile of E O O I3e&dplacédiin the middle of the

OAAT A8 O#1 OAOG6 AOA OAT OAT AAOh DEOAOAOh Tsé& OET CI .
Figure 9). Each corner of the table is labeled with one of four categories for the lesson, and the

players work together to classify each of the clues into one of these catagories. Example
catagories include countries, characters from a novel, authors, vocabulary themes, number of

syllables, and so onPlayersreceive feedbackfor both correct and incorrect classificatiors, ard

at the end of a session, the students view a histogram showing the relative contribution from

each member of the team.

Therapeutic

Researchers [3][17] have also explored how interactive table technologies, specifically
cooperative tabletop computer gams, can help mental health therapists facilitate adolescent

AT A AEEI AOAT 860 O1 AEAI OEEI 1T O AAOGAIT T PIATO ET A
technology encourages facéo-face interaction around one computer in a way other computer
workstations and video gaming systems do not. Adolescents with Asperger's Syndrome (AS)

often describe the computer as a comfortable and motivating medium.



Figure 10: (left) SIDES is a turntaking game. ¢ight) A screenshot of StoryTable, uses muHiiser collaborative
gestures to help children with High Functioning Autism to work together.

SIDES[21] is a fourplayer cooperative computer game for social group therapy on the
DiamondTouch table(see Figure 10). It was developed at Stanford University as an experiment

for therapists in working with Asperger's Syndrome children. Utilizing the multiuser

identification feature of the DiamondTouch platform, the designers of SIDES built in game rules

to require and/or restrict input from certain players. This affordance forced the children to

coorporate during the game. SIDES is a highly visual, feplayer puzzle game. The game rules

were designed to increase collaboration and decrease competition. At the beginning of a round,

each player receives nine square tiles with arrowgthree copies each of three arrow types).

Unique arrow types (e.g., pointing left, pointing right, arounehecorner, etc.) are distributed

AiiT¢c DPAOOGEAEDPAT OO O1 OEAO 11 DAOOEAEDPAT O EAO A
asked to work togetnerOT A OEI A A PAOE xEOE OEAEO PEAAAO Ol
lily pad to the finish lily pad. There is a limited supply of each arrow type, thus encouraging

students to cooperatively build an optimal path to win the most points. To gain pats, the path

must intersect with insect game pieces on the board. The insects are worth various point values

(e.g., each dragonfly is worth 20 points). The group of students must agree on one path that

collects the most points with their given amount ofresources. Once all players agree with the

solution, the frog will travel along the path and collect points by eating all the insects it
encounters. Each player has a control panel in the region of the interface closest to his or her
AEAEO8 ) 1 s obrrdl BandddreArabAdafdd point indicators as well as voting buttons to
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in order to change the state of the game. For instance, players must vote unanimigu® test

their path once a solution is reached by each activating their own "Test Path" button. This

feature was implemented to ensure that no one player had more control over the state of the

game than another player, and to encourage social interactidoy necessitating communication

and coordination with other members of the group. The control panel includes a turn taking

AOOOiI T8 wWAAE DPI AUAOSGO OOOT OAEET ¢ AOOOTT ET AEAAC
may make as many moves with theiown pieces during their turn as they like. The player whose

turn it is has control over when they end their turn by pressing their turn taking button. This is a
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another player.

A version of the StoryTable interfacd3] was developed jointly by University of Haifa, Israel and
ITCirst, Italy. The game was designed according to the concept of ladybugs wandering around
the table surface. The game is developed on the nibiser multi-touch DiamondTouch tabletop.
Ladybugs were chosen as a familiar, friendly object to childrénthe users had no difficulty in
understanding the function of the ladybugs that differed in size and color in accordance with
their functions. A mixture of standard touch events and the new multipleuser events were used
as a means to control the objects. One ladybug carries the backgrounds, the context within which
the story will be set? e.g., a forest, a medieval castle, etc. This ladybug can be @&geto access
the backgrounds by double touching on it. Since the selection of the background is crucial for
determining the story, the system forces previous agreement by requiring that selection of the
background setting be done jointly by the childrere i.e., through a multipleuser touch event.
Another ladybug carries the various story elements (e.g., the Princess, the Knight) that can be
dragged onto the current background. Again, this ladybug can be opened by a singleuser double
touch event. In this cas, however, the elements can be dragged autonomously by each child. A
third type of ladybug of a different size and shape (the blue ones shown Kigure 10 (right)
contain the audio snippets that will form the story. In order to load an audio snippet intone of
these ladybugs, a child has to drag it into the recorder and then keep the button pressed while
speaking. The audio snippets are recorded independently by each of child. Once loaded with
audio the ladybug displays a colored aura that represents thehild who recorded it. An audio
ladybug can be modified by the child who recorded it, but the system refuses maodifications
AOOAI bOAA AU OEA 1T OEAO AEEI A8 4EAOAAZEI OAh A 1 AAU,
the two children may agree to releas ownership of a ladybug by a multipleuser draganddrop
action: if they jointly drag the ladybug onto the recording tool, the system removes the content
and the aura. The resulting story is the sequence of the audio snippets recorded in the ladybugs
placedin the sequence of holes at the bottom edge of the interface&hile each audio ladybug
may be listened to individually, the story as a connected sequence of snippets, can be listened
only if both the children touch the first ladybug in the sequence. Baumjger et al reported an
experimental study on 35 dyads. They provided evidence that this settings facilitates more
complex and mature language (both in their recorded story segments and in their interactions
with one another during the task) and that the ontributions to the story and to interaction were

more equally distributed between the children in the StoryTable than in the control condition.

Entertainment
In order to improve the social gaming experience, Magerkurth et al. proposed a tabletop setup

which combines the advantages of a digital environment with the social impact of board games



[16]. The game combines a wall and a digital display. Users play with their personal devices and
with the public displays, and the communication can be done througheladsets (for personal
communication) and loudspeakers (public communication). Moreover, users are sitting fage-
face, they share the same experience, and they play in a new digital/real world. Most of recent
work on interactive surfaces deals with mergig real with the virtual (digital) enabling people to

share the same experience.

Figure 11: (left) Participants of MonkeyBridge are wearing a Head Mounted Display to get an immersive image
(right).
Barakonyi et al. present inf2] the game MonkeyBridge and extend the idea of Magerkurth. They

implemented a collaborative Augmented Reality game employing autonomous animated agents.
Although playing around a table, the authors implemented their game using HMDs. Again users

can use reabbijects, which have to be placed correctly, to guide digital, augmented avatars.

Wilson demonstrated PlayAnywhere, a flexible and transportable tabletop projection setuj@2]
and PlayTogether, an interactive tabletop system that enables multiple remotebnd colocated
playersto engage in games with physical games piece$33]. Wilson also presentedhe pairing of
a depth-sensingcamera with an interactive tabletop to create aar racing gamein which virtual
cars raced realistically over physical object® 1 AAAA 11 OEAMIOAATI A0 OOOAAAA

KnightMage is based on the STARS#atform [18] and is played collaboratively by multiple users
sitting around the STARSable. The players have to survive together in an inhospitable
AT OEOT T 1 AT Oh OAI special@bilities to fade Mifferent @&k Mdné game. In special
situations the players can also act as lone warriors to collect treasures which are hided from the
other players. These private interactions are performed through a handheld devideat allows
each player to access the inventory and special abilities of tiheown game character. The
hardware setup of KnightMage consists of #@abletop display and a wall display,on which
participants can share relevant information to other players. All thenardware components are
part of the STARS platform, and were originally developed as part of the Roomware project [24].
The STARS platform is designed to support classical board games with the use of various

multimedia-devices. With the use of several didpys which can either be public or private



displays the STARS setups allows developers to create very complex game scenarios which can
for example both collaborative and competitive elements in one game. Setup components
include a touch sensitive plasma diplay which acts as the game board and which is coupled with

a camera capturing the setup from the top. The camera allows the system to detect and identify
game pawn on the interactive screen. In additionthe table includes RFID readers which in
combination with RFID tagged objects can be used to save and load different scenarios and
games. The STARS system also puts a strong focus on providing audio channels to communicate
with the users of the system. Both public messages via loudspeakers and privatessa&ges via

earphones are can be delivered by the system.

Weathergods|[1] is aturn-based gamethat can be played by up to four players simultaneously

on the Entertaible[15] system. Each player has three different pawnthat can perform different

actions in the game. The goal of the game is to earn enough gold to be able to buy oblations to

please the weather gods. Gold can either be earned by selling camel milk, robbing other players

or detecting gold in the soil. The virtual game environment helps the pyarsi AAOT OEA CAT /
commands by displaying possible pawn movements and reacting to the action of the players.

Special attention was paid to the very iconic style of the pawnsvhich are tracked by the

tabletop surface. The pawns that are placed on thereen are manufactured from a translucent

material which transports the light to the top of the pawn based on total inner reflection. This

way by changing the underlying pixels on the screen the color of the pawn can be changed.
CASE STUDIES

Jam-O-World : CircleMaze

The goal of the Jar©-World project was to encourage people to come together to take part in a
collaborative musical gaming experience in an immersive 3D environment. The JadWorld
gameplay environment includes a modified Jar®-Drum (originally developed at Interval
Research[5]), which is an interactive tabletop display with reactive MIDI drum pads embedded
in its surface. The project is the creation of a team of graduate students and faculty from the
Entertainment Technology Center at Camgie Mellon University, who set out to augment the
JamO-Drum with new input modalities and create a set of musically enhanced gameghe
tabletop form factor of the JaraO-Drum is particularly appropriate for the goals of this project as

it arranges players in a circular formation, allowing them to see and interact with one another
around the table. Tabletop games written for Jar®-World are controlled through interaction
xEOE OEA Ai AAAAAA AOOI DPAAO -AOOCARDI | BAARAMBDADAAOQOL
player stations. Interaction with these two input devices controls the visual and aural facets of
the games. Engagement is further enhanced by projecting computer graphics not only on the

tabletop itself, but also on the walls and ceiling of theurrounding environment.



JamO-World games are designed to require physical and social interaction, as well as either
collaboration or competition among players. Because Ja@World was originally built for a
museum exhibit, two major design goals were téacilitate walk-up-and-play ease of learning and
encourage interaction among players who may not know one another. In the following sections,
we describe the design of one game in detail. Readers interested in learning about some of the
many tabletop game written for the JamO-World platform should visit

http://www.jamodrum.net/

CircleMaze

The CircleMaze game was one of the early games designed for the-@akWorld environment. In
this game, players work together to control four concentric circular ringprojected on the table.
Each one of the four coloitoded lazysusan turntables around the edge of the table controls one
of these rings in a direct manner. Players must collaborate to rotate these rings in such a way
OEAO OEA OET CO8 DGk balls thGravdl frdinGHe oulside efide lofithe table
into the center of this concentric maze (se€igure 12). A central clock counts down the seconds
remaining, and teams gain extra time for each ball that reaches the middle. If the clock expires,
the team regresses one level and if all the balls reach the middle of the maze, the players advance
to a more difficult level. Players quickly learn that success is impossible without communication
and collaboration among players as it is not possible forng one player to align all of the

pathways necessaryto allow the balls to reach the center of the table.

Figure 12: In CircleMaze, players work together to align pathways through four concentric rings. Circlemaze has
been presenteds part of severalmuseum exhibits

While playing the game, the rotation of each of the four rings controls the mixing of four
recombinant tracks of musicz percussion, base, melody, and vocals. Through playing the game
and turning the rings, the players create a changing im of cohesive music that follows their
actions. While this music making is secondary to the main goals of the game, it does provide

players with a nonrepetitive background track which is appreciated by museum staff.



User Testing and Observations

Early testing of CircleMaze showed that players had difficultly grasping the rules of the game
and their role in the collaborative effort when they first approached the table. To countethis
difficulty, we designed asimple first level of the game which included one path on each ring and
only one ball. Because players come and go in a museum environment, the game was designed to

regress to this early level if teams were having difficulty playing the game.

Another early observation was that when left running, the table did little to attract new players
when not in use. When the game is in full swing, graphical animations and dance music kept
some new players from approaching the table. To better attract players and tdaoovice players
the reactive areas of the table, CircleMaze enters an attraction mode when it has been idle for
several minutes. In this mode, music plays quietly while the only graphics projected on the table
serve to highlight the disk and drum pad conbls so that museum visitors are attracted to touch

these areas of the table and start a new game.

Porting to a Direct -Touch Tabletop

Several months after the initial museum installation of CircleMaze, one of the authors ported the

tabletop game to Mitsule OEE %l AAOOEAS6 O S$EAITTA41T OAE OAAI A8 ¢
the direct under-the-finger manipulation of the rings in the game and removed the indirect input

modality of the circular disks. One of the major goals of the game (the forcing of collahtion

among players) seemed particularly appropriate for one of the distinguishing features of the
DiamondTouch tablez user identification. Touches from each player are distinguished from one

AT1T OEAOR AT A OEA CAIi A3O OETCOEICEO OADOBT ACHET K

completion of the game requires the collaboration and planning among all players.

Comino and NeonRacer

Cominoand NeonRacehave been designed and developed at the Media Interaction L2aBoth of
these games aretabletop games, combining physical and digital content. Inspired by the
Incredible Machine, the generalobjective of Comino is toallow players to arrange a given
collection of digital and real objects in alesirable fashion to perform a simple task(e.g. to put a
ball from one point to the exit). Each level presents a puzzle requiring mukimodal interaction
provoking user creativity. In some levels, there are some fixed objects, which cannot be moyed
therefore, the only way to solve the puzzle is to arrange carefyll the givenreal and digital
objectsaround the fixed objects Using the wireless peninterface (seepage 7, players candraw

A PAOGE 11 OEA OAAIl A& dmitudidsisedriyuredEB)MoBdvek Askrsage A E CE O/
also requiredto placereal physical domino pieces on the table surfacé the digital domino tiles

have been consumedSpecial physical objects, so calle@ D I O,@ra usédtoconnect the virtual

5 www.mi-lab.org



world with the real world. Using these portals, the realdlomino bricks can be knockedover by
the virtual ones and vice versaln the setup, two portals have been used which were connected

over USB with the computer.

" -

Figure 13: (left) Playershave to draw a path on the surface foplacing digital domino tiles. (right) Different physical
objects have to be used for pushing the real/digital domino pieces. The photo sensoa tdwer, for instance,can track
the falling physical piece and push the digital ones.

Of course, multiple players can work simultaneouslyWhile one person is placing thedigital
domino tiles, another playercan start setting upreal domino pieces directly on the surfaceln
some casesplayers even have to switch between the two spacds.g. if they have to check that
the real towers trigger the digtal domino tiles). The first version of Comino included five levels

which had to be solved by the players as fast as possible.

Figure 14: (left) Players have to control their digital cars on the tabletop interface(right) Physical objects can be put
as obstacles on the surface.

NeonRacer creates a rich gaming experience by using everyday objects in an unusual way. The
physical objects act as the setting of a racing game fanultiple players standing around the
gaming table (see Figure 14). The world is selecively augmented with the playesovehicles,
which are controlled by traditional game pads. The racing course itself is defined by virtual

checkpoints. Real, tangible objects placed on the course are detected by an infrared camera



mounted inside thetable and act as obstacles in the game. The position and edges of real objects
are detected using the camera and natural feature tracking approach Thus, in order to hinder
OEA 1T OEAO bl A wdedbade td mafedverAHeibv@lticles past the readbjects and
through the checkpoints. Bothplayers and spectators can move objects around the course.
Passive bystanders caralso actively contribute to the outcomeof the race and even take sides,

which againincreases the social interaction and fun for layers and spectators alike.

User Testing and Observations

Both Comino and NeonRacehave been designed to be used as an installation for a museum.

our initial pilot study we tested 12 people (6 groups) from ourlocal University, who were not

affiliated with the game design andlevelopmentteam8 4 EA 1T OAOAI 1 DPAOOEAEDA]
very positive. Users really liked the idea of playing with a tabletop interfasethat combinedthe

real physical objectsin a digitally augmented environment. Participants had the impressiothat

they were playing within one space transitioning between the physical and digital smoothly

While the interface of Cominowas perceived as very intuitive many players had problems with

the game pads playing NeonRacer.Instead they would prefer a more intuitive interface to

control the digital cars. During our study we observedthat participants often had orientation

difficulties while controlling the digital carswith the game pad.
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Figure 15 (left) The cables of the physical towers were disturbing participants while placing the domino pieces.
(right) In some cases the perspective of the domino piece can become distorted.

In a first version of Comino, the physicalowers were not implemented wirelessly.Playersoften
had difficulties handling the cables Interestingly, they never placeddigital domino tiles closeto
the cablesz even if theycould have done sdcf. Figure 15). In our current version, we have a

Bluetooth version of the towerswhich is greatly preferred.

Another challenge was to find the optimal perspective for th&D digital content, since inspecial
cases (hile looking to the scene with a really flat angleplayers can have a distorted view of the

scene.



Interaction Design for a Walk -Up-and-Use Tabletop Game

Designing for a museum exhibit requires creating minterface that visitors can grasp quickly.

Tabletop games are no exception. CircleMaz®r exampleuses a simple consistent Ul during all

portionsT £ OEA CAI Ah xEOE DI AUAOOGS AAOQGETT O Al xAUO O/
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PC games, during which the player has a loigrm engagement with he game and can invest a
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drum pad.

Visitors often spendabout around two hoursin amuseum.Usually, they are on the move to get a
sense of the whole exhiliions and pausing casually at some installationsActually, they only
give time and attention to those installations they find particularly engaging. Therefore it is
essential that they understand quickly how to interact with the installation.In CircleMaz,
novice players can quickly explore every possible action without help from another player or-in
game persona, and these actions (and there results) quickly become second nature, allowing the
player to focus on higherlevel goals, advanced strategy, angbcial interaction. If the table only
supports a stylus interaction, novice users often get confused, because they expect to interact
with the table by touchingthe surface with their fingers. In the next section, we are presenting

eleven heuristics whichare useful for everybody developing tabletop games.

HEURISTICS FOR TABLETOP GAMES

The development of tabletop games is an iterative process throughout the development cycle,
combining different usability evaluation methods such as heuristic evaluation, cagjtive

walkthrough and user testing

We propose a heuristic evaluation already in the early phase of the design process. Heuristic
evaluation is an expert based usability evaluation method, first introduced by Nielson et al. in

1990 [23]. In 2002, Melissa Federoff presented around 4®euristics for video gameswhere she

OOEAA O AOOAOGO OEA ADPDI EAAAEI] E[@Uin the/sameBvly, OAT 6 O
Desurvire et al.released a new set of verified heuristicto evaluate the playabilityof games the

HEP (Heuristic Evaluation of Playability). As mentioned by the authors, their heuristics are

helpful in early game desigrand theyfacilitate thinking about the design/£O0T i OEA OOA 06 O ¢
view. Rocker et al.adapted HEPfor pervasive ganes[24]. The results ofa study conducted by

them have shown that the heuristics proposed for the game mechanics are the same for all types

of games.The authors found out that itmight be helpful to extend existing usability guidelines,

as they are also elated to interface elementswhich might be fundamentally different in smart

home environments (e.g. speech control, gesture recognition, or integrated and ambient



interface elements might require adapted design guidelines). Furtherheuristics for the

evauation of video games have been developed by NoKit4] and Noah Schaffef26].

EVALUATION PROCESS

For the heuristic evaluation of tabletop games, we propose to employ heuristics applicable to
video games for the game play/game story and virtual interfaceelated aspects. Nevertheless,
the special properties of tabletop games are to be evaluated separately. Therefore we iteratively
developed ten heuristics targeting the special aspects of tabletop games. In total, we developed
and reviewed four evolutionary sets of heuristics for tabletop games. A closer description can be
found in [13].
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Figure 16: The experience of the volunteers participating in the heuristic evaluation. Altogether four usability experts,
five gamers and two experts in the field ofabletop gaming participated in the evaluation.

The first set of heuristics including eleven heuristics,was developed according to existing
research trials andcould be described as important aspects in the development of tabletop
games rather than as poper formulated heuristics. For the second set of heuristics, the
heuristics have been rephrased in order to be more appropriate and understandable.
Furthermore, it has been formally proven against available literature on heuristic evaluations
[18] and feedback from usability experts and experts in the field of tabletop gaming has been
taken into consideration. The third set of heuristics has been developed based on the results of
the review mentioned before and was tested through a formal heuristic evaltian. Twelve
evaluators, aged between 22 years and 4fears (SD =5.22) were asked to perform a heuristic

evaluation of four tabletop games eachTwo evaluators had no knowledge in the field of



usability, five evaluators had basic to medium knowledge of uwability and four could be

consideredas usability experts €f. Figure 16).

One evaluation session lasted between two and four hours depending on the number of times
the evaluators played the games and the amount of feedback obtain&ince all games offere

multi -player functionality, the evaluators were arranged in groups of two.

@) (b)

(© (d)

Figure 17. The four evaluated games: (a) Casiemo based on the DiamondTouchand (b) Comino, (c) NeonRacer,
and (d) PenWarsbased on the interactive table of the Media Interaction LabReaders will find more information on
the following website: http://www.mi -lab.org/.

Four games have been evaluated. Besides Comino and NeonRacer, as describpdgal?, we
also tested Casa Mao and PenWarsCasa Memo is desktop-basedmemory gamedevelopedby
ABCWare®, which was played on the DiamondTouctable. Theoverall goal of the gameis to find
pairs of cards as fast as possible by flipping over hidden card$he flipping was realizedby
touching the card on the tableln contrast, PenWars is a reatime strategy tabletop game based
on a stylus interface(cf. page 7. Players can sketch tanks in order to compe against the

I DT 1T AT OMBIQlayérs Have © ertain amount of digitalink which affects the number of

8 http:/Avww.abeware.com/




















http://friendlymedia/

