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Figure 1. Airhockey Over a Distance (Photo by Andrew Tully, 

Sydney Morning Herald).  

Abstract 
In modern society, people increasingly lack social 
interaction, although beneficial to work and personal 
life. Airhockey Over a Distance addresses this issue by 
recreating the social experience facilitated by physical 
game play in a distributed environment. We networked 
two airhockey tables and augmented them with a 
videoconference. Concealed mechanics on each table 
allow for a physical puck to be shot back and forth 
between the two locations. Supporting the hitting of a 
fast-moving, tangible puck between the two players 
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creates a compelling social game experience which was 
confirmed by about 30 players. Our preliminary findings 
suggest that our casual physical game supports social 
interactions and contributes to an increased 
connectedness between people who are geographically 
apart.  
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Introduction 
Social interaction is an essential human need. Our 
interactions with others are crucial for a fulfilling work 
and social life, and add meaning to our existence [10]. 
However, today people are often faced with the 
challenge of having to live and work apart from family, 
friends and colleagues. Today’s lifestyle with its 
associated physical distribution of personal contacts 
and work arrangements decreases the chances of 
engaging in social interactions with friends and 
colleagues [10]. We are losing our sense of 
“connectedness” although it is “a potentially key 
concept in the […] development of communication 
technology” [12].  

We are interested in enabling social interactions 
between friends and co-workers separated by distance. 
We started out by investigating where social 
interactions take place and came across social spaces 
such as pubs and community clubs where casual games 

including airhockey, pool, table-tennis, table football 
and darts can be found. Games have always been 
valued “as social experiences, as a way for people to 
relate to each other […]” [13]. In particular, these 
games can be enjoyed by novices and experts alike, 
need only a small space, are easy to learn and 
generally last only a couple of minutes; making them 
suitable as “ice-breakers”, stress-relievers or time-
passers. Unlike board games, these games are 
characterized by a physical interaction with a tangible 
interface.  

Airhockey Over a Distance 
We hypothesize that physical games are better in 
creating a sense of connectedness between remote 
players than networked computer games, as supported 
by Mueller et al. [7]. Their research on exertion 
interfaces allowed players to physically interact by 
kicking a ball. Even though this project showed that 
exertion interfaces more strongly support 
connectedness between players than virtual games, 
possibilities for increasing the sense of connectedness 
still exist. In their system, the players kicked two balls 
around, one on each side, but how would players 
respond if they could in fact “pass” a ball through the 
network back and forth between each other? 

Airhockey Over a Distance aims to enable players to hit 
a physical puck back and forth between two networked 
airhockey tables [Fig 1]. It is played like a conventional 
airhockey game: two competing players are trying to 
score points in the opposing player’s goal with a small 
round bat. The puck glides on a layer of air, pushed 
through hundreds of small holes, minimizing surface 
friction and thus enabling quick game play. In our 
implementation, the table is figuratively split in half and 



  

the two ends are connected via a network. The players 
hit a real puck back and forth, trying to score a goal. 
Once the puck passes the midway-line, it is detected, 
and a corresponding physical puck is shot out at the 
other table.     

Related Work 
Airhockey Over a Distance demonstrates a novel 
interface in which a tangible, physical object replicates 
its appearance across a network. Unlike other 
networked tangible interfaces such as the PSyBench [3] 
and inTouch [2], where identical instances exist on both 
ends and only a state is synchronized, our approach 
allows the interaction object to exist only in one 
location at a time. 

A project featuring a physical shared object that is 
passed back and forth is the throw and catch system 
described in [11]: A player throws a ball into a basket, 
a detection mechanism recognizes and transmits this 
information, and pops out a ball at the other end, 
creating a simple ball game between two players. 

Sports Over a Distance is an attempt to allow two 
players to play a physically exhausting ball game 
together [6]. The authors define their “exertion 
interface” as an interface that deliberately requires 
physical effort [5]. The players exhaust themselves 
because they both kick a physical ball against a wall. 
The ball is not shared across the two courts, like with 
most other exertion interfaces, for example see [1]. 

Another airhockey game is AR2: Two players wear 
head-mounted displays to see a virtual puck on a table. 
Unlike our approach, the game requires both players to 
be in the same physical location [9]. The authors 

suggest a vibration force-feedback device to simulate 
the impact of the puck; however, we believe the 
physical impact experienced in the real game is more 
exciting and creates the illusion of a shared space 
better than a vibration. 

One of the first attempts of distributing physical activity 
over a network is “Telephonic Arm Wrestling”, in which 
the player arm-wrestles the opponent over a phone line 
[14]. Also rather physical than social is the networked 
“Tug-of-War”: At the New York Hall of Science two 
teams of high-school students were involved in a tug-
of-war 13 miles apart from each other [8]. 

 

Figure 2. Conceptual design.  

Implementation 
Airhockey Over a Distance consists of two airhockey 
tables, half of each is involved in game play and 
connected via a network. The player is recorded by a 
camera and the video is displayed on the screen of the 
other player, creating the illusion of playing together on 
one table [Fig 2]. The videoconferencing screen is 
placed just above the table, and includes a camera, 
peeking through a hole in the projection surface. A 
projector placed above the table projects the video of 



  

the other player onto the screen. We are utilizing a DV-
quality codec implementation to guarantee a high-
fidelity audio and visual experience between the 
participants.     

 

Figure 3. The rotating puck cannons.  

If a player shoots a puck across the half-way line, it 
disappears through a small slot between the table and 
the videoconference projection surface. The puck is 
detected by a sensor detection system which triggers 
the networked control software. The puck is caught in a 
catchment tray and needs to be collected by hand at 
the end of the game. Once the software receives a 
command over the network, it triggers one out of four 
rotating puck cannons on the other table that hold an 
array of pucks [Fig 3]. These cannons hold enough 

pucks for several games, and a lever pushes the 
bottom puck of the array towards a spinning disc which 
can shoot the puck out at very high speed. All 
components were designed for rapid execution to 
minimize delays, and our preliminary tests showed that 
the system is fast enough for an enjoyable game 
experience. 

Mechanism to rotate cannons. 

Preliminary Findings 
During a conference-like event, approximately 30 
people interacted with Airhockey Over a Distance [Fig. 
4]. We observed the players who played in two 
different parts of the building and conducted six 
interviews. We obtained participants’ informal feedback 
and responses to the game experience. They responded 
with excitement and constructive feedback. Overall, the 
comments supported our prediction that the Airhockey 
Over a Distance system would foster a sense of 
connectedness. 

Array to hold stack of pucks.   

Lever to push bottom puck 
towards spinning disc. 

Time constraints on production lead to a mechanical 
limitation of the system. During game play, the speed 
and position of the physical pucks were not 
calculated. Instead, the puck’s position was randomly 
chosen and speed was a constant. The interviews and 
observations from the demonstration showed that 
participants were surprised and slightly bemused by the 
random angle and speed of the puck. However, the 
game was still enjoyable and the system clearly 
established a connection between the players. After 
playing the game, one participant noted, “This feels like 
my first salsa lessons… I’m slightly confused, but it’s a 
shared experience to talk about.” Another participant 
exclaimed: “If you could get pucks to line up, I think 
that’s the only thing that’s missing, other than that, I 
think it’s pretty cool… very cool.”   

Spinning disc to shoot puck.   



  

Participants were able to have a shared experience with 
the other players. An enthusiastic participant 
commented: “I’m taken with this... you could have a 
true interaction with someone, they could make you 
laugh, they could make you swear... that kind of 
interaction is unique, without abusing the word.”  

 

Figure 4. A participant playing Airhockey Over a Distance.  

Future Work 
Our next step is to formally analyze the affects of 
Airhockey Over a Distance on players’ sense of 
connectedness to each other. In addition to the system 
with a shared physical puck, we have also built a 
vision-based version of a networked airhockey table. It 

utilizes the same videoconferencing technology and is 
played on the same physical table; however, the puck 
is not physical, but a projection on the airhockey table. 
The player uses a modified bat which includes a 
tracking system to hit a virtual puck back and forth.  

We are planning a comparative experiment to study the 
interaction between the participants with the physical 
and the virtual game. We will study if the physicality of 
the game influences the interaction and if it can 
contribute to a perceived “shared space” between the 
remote players. This will allow us to better understand 
the significance of distributed physical interfaces on 
interactions between geographically separated 
participants.   

Conclusion 
We believe the physicality of the Airhockey Over a 
Distance game combined with its fast pace makes a 
compelling experience that has the potential to 
facilitate an increased connectedness between remote 
players. The physical and powerful action of hitting a 
real puck, its transformation into the virtual space and 
its physical reappearance on the remote end can 
contribute towards the perception of a mutual space in 
which the players interact. Although we are aware that 
casual games are only one way of supporting social 
interactions, we believe from the preliminary feedback 
we gained that this physical distributed game can 
facilitate an increased connectedness through social 
interaction between geographically separated 
participants.  

Acknowledgements 
We thank CeNTIE (Centre for Networking Technologies 
for the Information Economy), which is supported by 



  

the Australian Government through the Advanced 
Networks Program (ANP) of the Department of 
Communications, Information Technology and the Arts 
and the CSIRO ICT Centre. Thanks to Alvaro Cassinelli 
for initial discussions. Thanks to the following people 
who contributed extensively to this project: Roy 
Featherstone, Ken Taylor, Chris Gunn, Duncan 
Stevenson, Matthew Hutchins, Doug Palmer, Matt 
Adcock and Jocelyn Smith. 

References 
[1] Bragt, J. Do Exertion Interfaces Provide Better 
Exercise Environments? 2nd Twente Student 
Conference on IT, The Netherlands, 24 Jan, 2005 

[2] Brave, S., Dahley, A. inTouch: A Medium for Haptic 
Interpersonal Communication. Ext. Abstracts CHI 1997, 
ACM Press. 

[3] Brave, S., Ishii, H., Dahley, A. Tangible Interfaces 
for Remote Collaboration and Communication, Proc. 
CSCW 1998, ACM Press. 

[4] Hunout, P., Le Gall, D., Shea, B. The Destruction of 
Society – Challenging the ‘Modern’ Tryptique: 
Individualism, Hedonism, Consumerism. The Intern. 
Scope Review, Vol. 5 (2003), Is. 9 (Summer), Editorial.   

[5] Mueller, F., Agamanolis, S. and Picard, R. Exertion 
Interfaces for Sports Over a Distance. In Proc. UIST 
2002, ACM Press. 

[6] Mueller, F., Agamanolis, S. Sports over a Distance. 
Computers in Entertainment, Vol. 3, Issue 3, 2005, 
ACM Press. 

[7] Mueller, F., Agamanolis, S., and Picard, R. Exertion 
Interfaces: Sports over a Distance for Social Bonding 
and Fun. In Proc. CHI 2003, ACM Press. 

[8] New York Hall of Science. Press room. 2005. 
http://nyhallsci.org/nyhs-pressroom/nyhs-
pressreleases/pr-tug_of_war.html 

[9] Ohshima, T., K. Sato, et. al. AR2 Hockey; A Case 
Study of Collaborative Augmented Reality. VRAIS 98  

[10] Putnam, R. Bowling Alone. Touchstone, Simon & 
Schuster, New York, USA, 2000. 

[11] Reifman, K., DeGeorges, P., Kain, P., Scharf, J. i-
ball. 

[12] Rettie, R. Connectedness, Awareness and Social 
Presence. Presence 2003, 6th Annual International 
Workshop on Presence 

[13] Salen, K., and Zimmerman, E. Rules of Play, MIT, 
USA, 2004. 

[14] White, T., Back, D. Telephonic Arm Wrestling. 
http://www.normill.ca/artpage.html 

http://nyhallsci.org/nyhs-pressroom/nyhs-pressreleases/pr-tug_of_war.html
http://nyhallsci.org/nyhs-pressroom/nyhs-pressreleases/pr-tug_of_war.html
http://www.normill.ca/artpage.html

	Copyright is held by the author/owner(s).
	CHI 2006, April 22–27, 2006, Montréal, Québec, Canada.
	ACM 1-59593-298-4/06/0004.
	Abstract
	Keywords
	ACM Classification Keywords
	Introduction
	Airhockey Over a Distance
	Related Work
	Implementation
	Preliminary Findings
	Future Work
	Conclusion
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF0043004800490032003000300036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


