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Figure 1:In this work, we introduce a capacitive-based system, extending traditional action point board gameswith automatic

point-counting.

ABSTRACT

Many interactive systemghat supporttabletopgameseither aug-
mentthe experiencewvith additionalelementsor transformgame
componentsnto digital counterpartse.g. usingmixedreality. How-
ever,asmany usersprefertangiblegameelementsgdigital augmen-
tations candisrupt theimmersion they seeko enhance, oftemlue
to the complexityof the hardwareused.Responding tahis chal-
lenge,we designeda screenlesinteractivetabletopsystemwith
capacitivesensing.The systemis suitablefor novice playersand
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providesautomaticscore-keepingOur methodeliminatesthe need
for externalsensorsandretainsall original gamepiecesintact. We
evaluatecbur systemin astudywith aforestplantinggame(= = 20).
Gameplaywith our systemexhibitedshorterturn duration,and
participantsadoptedmoree ective strategieshanin traditional
gameplayTheseresultsunderscorehe potentialof screenlesiter-
activetabletopsto amplify the gamingexperiencewithout causing
distractions.
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1 INTRODUCTION

Tabletopgamingis deeplyrootedin humanculture, providing play-
ers with immersiveexperienceghat require strategicthinking,
socialinteraction,and creativity [34. However,traditional gaming
is amanualactivity, often burdenedwith laboriousbookkeeping
actions[1]. Thesecanpresentchallengeswhich mayreduceperfor-
manceand leadto alessenjoyablegamingexperienceparticularly
for playersstartingtheir adventurewith anewgame Consequently,
thereis astrongstrandof Human-Computeinteraction (HCI) re-
searchthat aimsto improvethe userexperiencen tabletopgaming.

A considerabléody of work on augmentingtabletopgaming
largely stemsfrom the tradition of studyinginteractivetabletops.
Overheacdbrojectors[ €], electrochromiadisplays[13, andinterac-
tive tabletops[21] havebeenproposedo displayessentiagjame
information or enrich the gameexperience Someboard games
havebeenrecreatedn fully digital formats[9 11, 17, 37. However,
while o ering additional visualfeedback, suchkolutionsmay also
distractthe playerfrom the coregameplayThis wasapparentin a
comprehensivestudy of contenton tabletopgamingforums,which
revealedthat one of the mostcommonreasongor resistanceo
the augmentationof tabletopgamesis the intrusivenessof elec-
tronics. Additionally, playerscomplainedthat the lack of tactile
andphysicalelementsdetractsfrom the overall enjoymentof the
game[1§. Consequentlyit is a challengefor HCI to developin-
teractivesystemshat cansupportplayersduring tabletopgames
while minimizing userinteractionswith the systemandpreserving
as many of the original game components as possible.

In this paper,we proposea screenlessystemdesignedo sup-
port tabletopgaming.Fordemonstrationpurposeswe developed
the systemto supportthe gamePhotosyntesi©ur solution uses
a translucentcapacitivesensingfoil and removableconductive
markersto detectplayer moves.This preserveghe tangibility and
original appearancef the gameasmuchaspossiblePointcounting
is entirely automatic,without requiring any dataentry from the
playersduring the game.To investigatethe in uence of our system
onthe game’sprogressiorandthe playerexperienceywe conducted
abetween-subjecstudywith ten pairsof playerswho hadno prior
experiencewith the boardgame We comparedgameplaymetrics
andplayerexperiencedetweenoriginal andaugmentedrersionsof
the game Our resultsshowthat gameplaywith our systemexhibits
a shorter turnduration than in an unmodi edgame. Additionally,
participantsengagedn moree cient strategiesvhen playingthe
augmentedrersionof the game.Our resultshighlight the potential
of similar solutionsto enhancethe overallgamingexperiencevhile
preserving the essence of the original game.

The main contributions of this short paperare asfollows: (1)
a screenlessabletopgame-piecdracking systemfor enhancing
tabletopgames(2)an empiricaluserstudyto evaluatethe system’s
in uence on the gameplay{3)practicalinsightsto guidethe future
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developmenbf technologicallyaugmentedabletopgamingsys-
tems.Additionally, we provide sourcecodeand design les for our
prototype.l

2 RELATED WORK

In this section,we provide an overviewof existingwork relatedto
augmentedoardgamesandtangibleobjecttracking on tabletop
surfaces.

2.1 Augmented board games

Theintegration of technologyinto boardgamesepresentsa wide-
rangingareaof study,rangingfrom algorithmic supportfor nding
betterplay strategies’, 7, 14 to digital userexperience enhance-
ments[12 15 27]. Creatingdigital versionsof tabletopgameshas
beeninvestigated inthe development ofnteractivetabletops R1].
Another frequently discussed topiis the developmenbf hybrid
platforms,using projectorson traditional tables[ 6] or largetable-
tops[8, 20, 24. Suchplatformsallow for easyadaptationto agiven
physicalspaceThey facilitate the simpledesign,optimal presenta-
tion of boards.andfairnessin role-playinggamegRPGs]8] and
other strategygameswith modularboardg2§. Thesesystemsalso
enableadditionalinteractions,thanksto the detectionand posi-
tioning of gameelementswith vision markers[8, 200 andvision
systems [6].

However, such platformsan interfere withthe original game
boarddueto the needto replaceoriginal pieceswith elements
tailoredto the detection(e.qg. ,capacitiveor vision) system[17, 24.
Furthermore systemausingprojectorsrequiremountingequipment
abovethe table,makingthemdi cult to move[6]. Tabletop-based
setups signi cantly increase the cost of the system [8, 20].

Our proposedsystemdoesnot necessitaténtrusive changego
the gamecomponentslt preserveshe game’soriginal aesthetics,
keepingcostslow and eliminating the needfor an overheadpro-
jector. At the sametime, the systemdoesnot interfere with the
decisions made by the player.

2.2 Tracking and identifying tangibles on
tabletop surfaces

Oneof the mostpopularsolutionsfor tracking tangibleson table-
tops is an overheadcamerapaired with a computervision sys-
tem[33. Howevertrackingwith externalcamerags oftenchalleng-
ing dueto occlusionandlighting conditions[26. Vision systems
based on in-cell light-sensingave also been used to detect touch
on tabletopswithout externalvision sensord32. A notableexam-
ple is the SamsungSUR40a commercialtabletopthat hasbeen
employedin numeroustabletopresearchstudies[2]. RadioFre-
quency Identi cation (RFID) has also been used to track tangibles
onsurfaceq1§, in somecasesupportedby vision tracking [23 or
capacitivesensing[ 29. However,theseapproachesftenrequire
complex and expensive sensing hardware.

To addresgheseconstraints,previousresearchbasedon the
early work of Rekimoto R5 explored thefeasibility of employing
standardcapacitivetouchscreenso detecttangibleobjects.Two
main approachesre usedfor detectingtangibleson touch screens.

https://github.com/Bill2462/automated-point-counting-photosynthesis
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Figure 2: During the game, participants used original game pieces.

Conductiveelementscanbe embeddedvithin the objectto pas-
sively emulatethe e ects of nger touches[30, 31]. Alternatively,
capacitivemeasurementsanbeobtainedfrom the touch controller
andprocessethdependentlyfrom thetouchdetectionsystemMost
touchscreensisemutual capacitivesensingwhich comprisesspa-
tially separateelectrodesrrangedasrowsandcolumns[3§. More
recentwork hasdemonstratedhe detectionof everydayobjects
using customcapacitivesensinghardware[35. However,this ap-
proachrequirescustomhardwarethatis not commerciallyavailable.

Our proposedsolutiondi ers from paste orts, o ering alow-
costsolution for tabletopsensingwhile preservingthe original
gameformat. We usean o -the-shelf, transparentmultitouch sens-
ing foil, which can be placedon top of a regular table surface
without modi cations. We obtainraw capacitiveimagesand use
machinelearningto recognizepatternsproducedby conductive
markersattachedto the gamepiecesThe markerscanbe produced
cheaplyusing 3D printing andrequireno permanentmodi cations
to the game elements.

3 DESIGN: PHOTOSYNTHESIS

In this paper,we demonstratehe capabilitiesof our sensingsystem

in a practicalscenario augmentinggameplayin Photosynthesis,

a boardgame by HjalmaHach?. We chosehis game because it
includesmany gamepieceshasnon-trivial mechanicsandis not a
highly populargame which simpli es the recruitmentof beginner
players.

Photosynthesis an action point-type strategiceconomichoard
game belongindo the area majoritycategory. The gameevolves
aroundcultivating andgrowing treesin acompetitiveenvironment.
The game’smain goalis accumulatingthe mostvictory points by
strategicallygrowing, managing.andharvestingtreeswithin the
game’secosystemVictory points areacquiredby harvestingtrees.

2https://boardgamegeek.com/boardgame/218603/photosyntHdsisual availablet
https://ilo307.com/public/pdf/BO-PHOTO-002_RULES.PDF.

The number of obtainedpoints dependson the location of the
harvestedree and diminisheovertime. The centralregion ofthe
gameboargieldsthe mostvictory points,while the edgesyield the
least.Beforeatree canbeharvestedijt hasto go through a growth
cycleinvolving four stagesseedsmalltree,mediumtree,andlarge
tree.Eachplayeraction costssunpoints,which aregeneratecoy
player-ownedtreeswhen exposedo sunlight from the sunpiece.
Sunlightcanbeblockedby treesthat havethe sameor higherheight.
Treesunder shadowproduceno sun points. Treeplacementand
growth are, therefore, key strategic elements.

After eachround, the sunpiecemovesto the nextlocationon
the board,changingthe shadowpattern producedby the trees.
The numberof sunpointsincreaseswvith tree height, with small
treesproducinga singlesunpoint andlargetreesaddingthree sun
pointswhenilluminated. Seedproduceno sun points wherthey
areilluminated. Thus,playersmustbalanceexpansionand growth
for optimal sun points. The optimal balancebetweengrowth and
expansionchangesasthe gameprogressesln short gamesit is
moreoptimalto focusinitially on expansiorandthen shift focusto
growth, astowardsthe end of the game therewill not beenough
time to advance new trees through the growth cycle.

Forthe purposef our study,we introducedmodi cations to
expeditethe gameplayWe reducedthe numberof roundsfrom 18
to 12.We alsooptedfor a gameplayedin pairsto addresgech-
nical constraintsrelatedto point countingand mitigate potential
group dynamics.The gamesetupusedduring the studyis shown
in Figure 2.

4 |IMPLEMENTATION

In this section,we describethe implementationof our sensing
system.


https://boardgamegeek.com/boardgame/218603/photosynthesis
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Figure 3: To enable recognition of game pieces,we

outtted the pieces with 3D-printed conductive
markers that do not impede their original design.

Capacitive image

. W

Piece marker

O DT

Figure 4: Eachconductive marker shape produces
a unique pattern of coupling changes,which can
be recognized using a machine learning classi er.

4.1 Capacitive sensing

Our sensingsystem uses aommercially available capacitivaul-
titouch foil andcontroller manufacturecby GreenTouch(GT-TF-
XTC43.0L-P). Rawmeasurementsre extractedfrom the debug
interfaceat a rate of 1 Hz. During systemstartup, we measure
the baselinecouplinginherentto the sensingfoil and subtractit
from the following measuremento obtain a capacitiveimagethat
showscouplingchangegdueto the presenceof the objects When
the object isplaced on a surface coverdy the foil, it generates
distinctive patternof coupling changesThis pattern isspeci c to
the object’spropertiesandis usuallylocalizedto footprint contact
areas.

Shttps://www.greentouch.com.cn/?list_21/308.html
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4.2 Game piece markers

The original gamepieceshaveminimal contactwith the sensing
surfaceresultingin undetectablecouplingchangesThereforewe
equippedeachpiecewith a 3D-printed conductivemarker. The
markers were 3D-printedrom Proto-Pasta Conductive PLAand
attachedto the baseof eachpiecewithout the needfor glue,as
shown in Figure 3.

Photosynthesiequireseight di erent markersfor treesand
onefor the sunpieceFigure4 showsexamplemarkersandtheir
capacitiveimagesThe original cardboardsunpiecewastoo large
for a3D-printedmarker. It was,therefore,replacedwith alaser-cut
equivalentmadefrom an acrylic sheetand equippedwith a copper
foil marker.

4.3 Footprint classi er

We chosenot to implementboardtrackingin our system.nstead,
we positionedthe sensingsurfacedirectly on top of the printed
gameboard We extractedcapacitivémagescorrespondingo game-
board eld locationsand useda SupportVector Classi er to rec-
ognizethe piecemarkerfootprints. We trainedtwo SVCsonefor
tree piecesand onefor the sun piece.The tree SVCusesnine la-
bels:eight tree-piecemarkersand onelabelfor anempty eld. The
sun SVCis a binary classi er. We gathereddatasetsby placing
eachgamepiecein randomorientationson selectedareasof the
gameboardand capturing eld images Sampledabeled No piece
were chosenrandomly from unoccupiedelds. Thetree pieceSVC
wastrained on 4375samplesevenly distributed betweenclasses.
The sunclassi er wastrained on 704samplesThe tree and sun
modelswere testedon test setscontaining 704and 340samples,
respectively. Theree SVC achieve®4.2%ccuracy. ThesunSVC
achieved 99.6% accuracy.

4.4 Move detection

We comparedthe classi er output to the previousgamestateto
detectmoves.To reduceoscillationsbetweendi erent labelscaused
by measuremennoise,we implementedatriggering systembased
on the di erencesbetweenconsecutivaneasurementsto further
reducethe error rate,we implementedthree additionalerror cor-
rection mechanismshandrejection,partial footprint rejection,and
prediction voting € = 3).

4.5 Automatic bookkeeping
As emphasizedh previousworks, digital tools shouldnot diminish

tangibility [15 16 27). Instead, augmentation can be used to lessen

theburdensomepartsofthegameg.g.,doing math [27. Therefore,
we choseautomaticpoint counting as the main feature of our
system Detectedmovesare usedto updatethe current sunpoint
stock,playerscoresandthe nextexpectedewardfrom harvestAll
scoreanbeviewedin real-timeby accessingwebsiteon amobile
device,asshownin Figure6. Sinceeachmistakein movedetection
would propagateinto the future andresultin incorrectdatabeing
displayeduntil the end of the game we includedprovisionsfor the
manual review and correction of detected moves (Figure 7).

“https://proto-pasta.com/pages/conductive-pla
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5 EVALUATION

We conducteda userstudyto investigatehow our systema ects
gameplay in Photosynthesis.

5.1 Conditions and Measures

The experimentwasdesignedasa between-subjecstudy. Partic-
ipant pairswere randomly dividedinto two groups, ve pairsin
each.

AutomaticScoring Systef@utomatic): In the Automatic con-
dition, the victory andsunpoint countswere displayedon atablet
placedon the tableandupdatedautomaticallythroughoutthe game,
as presented in Figure 6.

ManualScoringSystenm(Manual): Participantsassignedo this
group hadto countsun points manuallyusingthe boardshownin
Figure 5.

We kept count of eachpurchaseof seedssmall,medium,and
large trees.We also tracked eachplayer’'s managemengctions
(seed planting, growth fronsmall to medium and largé&ees, and
harvesting) Thesedatawere usedto analyzeeachplayer'sstrategy.
Additionally, we recordedround durationto quantify the paceof the
game. The Game Experience Questionnaire (GE&) completed

Figure 5: During manual gameplay, participants by participantsafter the game.The GEQresultsare availablein
used acardboard point counting board, where the the supplementarymaterialbut are not presentecheredueto the
point count is set by placing a coin on the correct scale’sunknown psychometricproperties[19. Errors madeby
number. participantswere recordedduring the manual condition. Detected
. moveswere alsocapturedduring the automatic condition and
Winter player used to record system errors.

5.2 Participants

We recruited participants using university mailing lists, social me-
dia, andsnowballsampling. Intotal, 20participants(10 female, 10
male)agedbetweenl8and56yearsold (" = 2463( = 845)
were selectedThe participantshadno previousexperiencewith

the testedgame.Recruitingnoviceparticipantsensuredthat there
would be no biasif pro ciency levelsdi ered acrossconditions.
Most participants(= = 13)reportedplaying boardgamesat least
once a month. The most frequent game partners were friends

(= = 17)andfamily (= = 9). The mostfrequently playedtypes

of gameswere economic/strategigames(= = 14),party games

Next reward for cutting tree (= = 14),and action point games= = 15).No remunerationwas
provided for participation in the study.

Sun points: 6
Score: 19

Autumn player

Sun points: 2
Score: 17

5.3 Apparatus

Thegamewassetup on astandardwoodentable.A capacitivesens-
ing foil wasattachedto the tabletopusingmaskingtape.A PCwas

Center field: 19
Fertile fields: 16

Edge fields: 14 usedto run the automaticpoint-counting systemandsupervisor
control panel.We recordedaudio and videoduring the game.In
Figure 6: During gameplay with the automatic ~ sys- the Automatic condition,a tabletwasplacedon the table,serving
tem, the point dashboard visible in this screenshot as a scoring pad.

was shown to the participants.
5.4 Procedure
After welcomingthe participants,we obtainedinformed consent
and conducteda demographicsurvey.Oneexperimentermprovided
acomprehensivexplanationof the rulesof the game.n the Au-
tomatic condition, participantswerefamiliarized with the layout
of the digital scoringpad.The original analogcountingboardwas
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Figure 7: During the study, the researcher managing the system had real-time accessto the game state and could correct errors
before they a ected the values visible to the participants.

usedin the Manual condition. Subsequentlyparticipantsengaged
in twelve gamerounds(two sunpieceevolutionsaroundthe board).

At leasttwo researchersvere presentduring eachexperiment.
During the game the participantscould seekclari cation about
any uncertaintiesregardingthe rules.At the game’smidpoint, the
participantswereremindedthat their nal scoresdependedeavily
on the numberof harvestedtreesand that this action hadto be
completedbeforethe game’sconclusion.In Manual condition,
participanterrorswererecordedby the researcherén aprepared
table.

After the game,participantswere directedto separataooms
for individual debrie ng interviews. Participantsfrom both groups
were askedabouttheir thoughtsregardingthe gameand about
problemsthey often experiencewith boardgamesThen, partic-
ipants from the Manual condition were promptedto think of
boardgameutomationideasand possibleconsequencesf automa-
tion in boardgamesParticipantsfrom the Automatic condition
wereaskedabouttheir experiencewith the systemandany desired
improvements.

6 RESULTS

In this section,we report and analyzethe quantitativeand qualita-
tive results from the study.

6.1 Game metrics

Foreachparticipant,we countedthe total numberof actionsby type.
Figure8 showsthe standardnodeboxplotfor actioncounts A t-test
wasusedto identify signi cant di erencesbetweenconditions.We
found a statisticallysigni cant di erence (G 18 = 22232 = 039)
between thenumbers of small treepurchased by players playing
with automation(* =190,( = 088) comparedo the condition

without automation(" = 370( = 241).We alsofound that
playersplaying with automation(* = 410,( = 129)planted
signi cantly fewerseedqC18 = 2803,? = 012)than players

playing without automation{ =820,( =444).

Moreover,rounds played with the automationsystem(" =
15208 ( = 8206)were on averageshorter (G117 = 2225,
? = 028)than roundsplayedwithout automation(" = 18208
( =641), see Figure 9.

6.2 Errors in the automatic scoring system

In the Automatic condition, we comparedthe output from the
movedetectionsystemwith the manually sanitizedmovesusedto
computegamescoresduring the game Di erences weretreatedas
errors.

During ve experimentsthe systemcorrectly recognized5%
of the player'smoves.We split the discoverediscrepancieinto
four categoriesAlmost half of the errors (42%Yesultedfrom activ-
ities not beingdetectedMovesrecordedwhen no movehadbeen
madeaccountedor 35%of errors.Classi er errorsaccountedor
17%of mistakes.The nal 6%of discrepanciesvere causedoy a
softwareerror in the boardstate estimatioralgorithm, whichwas
not discovered during testing.

6.3 Errors in manual scoring

All ten players committecht least oneerror relatedto point book-
keepingor shadowmechanicsThe mostfrequenterror, committed
by six players,was forgetting to add sun points generatedby a
tree totheir score.The second modrequent error, committedy
half the participants,was subtractingtoo few sun points during
purchasedrom the store.Additionally, six participantscommitted
some typeof error related to applyingree shadowingnechanics,
with 65%of errorsrelating to incorrectshadowlength. The high
numberof errors showsthat novice playerswould bene t from
an error detectionand correctionsystem.On averagethe players’
error rate was'( =0180( =0128).

6.4 Delay introduced by the system

The system’s reactionvas causedby two factors.Firstly, the sam-
pling frequencyof the capacitivesensingfoil was1Hz.Secondly,
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Figure 9: Round durations were determined from the video recording. The round durations were signi cantly shorter with the

automation system, G117’= 2 225,? = 028.

to avoid errors, eachaction detectedby the systemhadto beac-
ceptedmanually by one of the experimentersit took between2
and 3 seconddor the systento detectthe placed piecale com-
paredtimestampsin the move detectorand gamelogsto deter-
mine the delay causedby the manualmovereview. On average,
eachgameconsistedof 114moves.The averagedelayfor correctly

detectedmoveswas (* = 57B( = 314).Forincorrectly de-
tectedactions(" =42 ( =402),theaveragedelayincreasedo
(" =102B( =524)dueto the needfor manualcorrection.Addi-

tional data on delays are available in the supplementary material.

6.5 Interview results

All debrie ng interviewswererecorded(total duration2 h 26 m)
and transcribedrerbatim. We usedhe pragmatic approach tthe
thematicanalysisdescribedby Blandfordet al. [3]. We usedan
inductive codingstrategyto obtainthe initial setof codesThreere-
searchersndependentlycodeda representative20%of the material
to developaninitial codingtree.We then organizeda collaborative

sessionwherewe deriveda codingtree basedon the open-coded
dataset.The entire datacorpuswasassignedo two researchers,
who re-codedhe setwith the codebookAnalysiswasconcludedn
acollaborativesessionwheretwo researchergteratively grouped
andgeneratednitial themesuntil they were agreedupon. The ana-
lyzeddatasetesultedin threethemesievelof interferencestruggles
during gameplayand technicalconsiderationd/Ve illustrate our
resultswith quoteshighlightedin italics andidenti ed with the
participants’ IDs.

6.5.1 Levelof interferenceThe participantspresenteccontrasting
opinionsaboutthe desiredlevel of boardgameaugmentation A
few participantsstatedthat boardgamesareinherently analogand
that any technologicalintervention would disturb the gameplay.
Someparticipantswereeagerfor smartfeaturesbut raisedconcerns
that excessivautomationmight makethe gametoo easyijmpeding
engagementlnterestingly,the critical factor encouragingthe play-
ersto useaugmentationwasthe needto play by the rules.Since
all participantswere playingthe Photosynthesigamefor the rst
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time, manyfelt overwhelmedby the amountof information about
the gameplayand the new rules. Employingintelligent features
to facilitate thelearningprocessvas deemeéspeciallybene cial.
However,the desiredlevelsof interferencevaried betweenpar-
ticipants. Somearticipants advocateébr displayinginformation

aboutthe game’sstate (current round, active player, time, etc.),
often suggestinghe display of additionalinformation aboutim-
portant values(e.qg. pricesof planting/buying).Alternative ideas
werealsoproposedsuchastracking and agging playererrorsand
misstepsOneparticipantarguedthat smartboardgamesshould
indicateplayererrorsbut not enforcesticking to the rules.More-
over,they highlighted that somemistakesare a crucial part of the

player experience.

(P5_2)rhesystendoesn’haveto enforceplaying by

therules,butit wouldbegreatif it aggedtheerrorsso
that weareawareof them.But, | wouldsaythat some
argumentabouttherulesduring the gamearepart of

the fun.

Onepersonnotedthat an advantageof automatingrule-keeping
is that often, no player wants to take the role of an adjudicator.
Transferring thisburden ontothe computercould, thereforecon-
tribute to fewer con icts during the game.

Regardingautomaticpoint counting,almostall participantswho
usedthe systemexplicitly statedthat this featurehelpedthemto
focusmore on the strategyinsteadof tediousbookkeepingactions.

(P1_2) reallyliked that | didn’t haveto think about
counting points.

To overcomethe problemof di ering levelsof desiredsystem
interference someparticipantsadvocatedor an option to turn o
all or selectedeatures.Many peoplestatedthat they would use
smartfeaturesonly while learningthe gameandthat they would
no longer be needed as soon as they were pro cient.

Our study showsthat the desiredlevel of automationwithin
the boardgamecontextvariesamongplayers.Participantswere
especiallyenthusiasticabout using smart featuresto learn new
rules and perform calculations Moreover,while automaticrule-
keepingwasconsiderednteresting,it wassuggestedhat it should
play an informative, passive role.

6.5.2 Struggles duringameplayOur participantsshared several
strugglesthat they facedwhile playing boardgamesThesestrug-
glescouldberesolvedby augmentingboardgameswith interactive
systemsOneof the mostfrequentlymentionedproblemswaslearn-
ing and understandinghe rulesof new gamesMany participants
found reading instructions a barrier to playing a new game.

(P6_1B0metimesyhenyou play a gamefor the rst
time, not everyonainderstand# right away. Some
peoplgustneednoretimetograsptherulesanddevelop
the tactics.

Someparticipantscomplainedaboutplayerswho cheatand ad-
mitted that they often feel embarrassednd naivewhen it turns
out that some of the players were cheating.

Other problemsincludedlosing focuson the game Participants
sharedhow they often struggleto keeptrack of rounds,turns,
points,andother numericalvaluesthroughoutthe game.The high
mental demand made it di cult to relax during the game.
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Our results highlight that peopleface a variety of problems
during board games.The most frequently mentionedstruggles
relateto complexinstructions and disagreementsver the rules.
Future systemsaugmentingboard gamesshould considerthese
issues to make board games more accessible to di erent users.

6.5.3 TechnicatonsiderationsThe participantselaboratecn sev-
eral possibledesign,implementation,and technicalissueswith
boardgameautomationsystemsSomeparticipantsstatedthat they
wereconcernedaboutthe complexityof the setupandpossibleech-
nical issuesmpedinggameplayTwo participantswere concerned
aboutthe potentially higher price of the game.One participant
also remarkedhat using anexternal device is source opossible
technical problems.

Participantsalsosharedfeedbackspeci cally relatedto our sys-
tem.While mostparticipantstrustedthe automaticcalculationsthe
key issue theyraisedwas thehigh reaction time which they found
annoying.Moreoverthe participantssuggestedhat the point dash-
boardshouldbe basedon graphicalrepresentationsather than
text-basedOneparticipant pointedout that while the game’saes-
thetics were appealing the display was somewhatunattractive,
spoiling the immersion.They suggestednatchingthe displaystyle
to the game’s aesthetics.

Regardinghe system’se ects on the gameplaysomepatrtici-
pantsnotedthat automaticpoint countinghelpedthemfocuson the
strategicaspecbf the gameFurthermore someplayerscommented
that automaticpoint-counting reducedtheir mentalworkload, con-
tributing to less tense gameplay and richer social interactions.

Oneparticipantremarkedthat the foil did not seemto requirea
lot of preparation before the game and could be stored easily.

(P3_1) likethatit's rathereasyto storein thehouse...)
If the systemcommunicategia Wi-Fi, | alwayshaveit
at homesol considethis systencouldbea plug and
play solution.

Interestingly,afew participantsdid not realizethat the capacitive
foil waspart of the systemlnsteadtheythoughtthe movedetection
washbasedn imageanalysisfrom the overheadcamerawhich was
used to record the gameplay for later analysis).

While the unobtrusiveform of the foil wasusuallytreatedas
an advantagepne participant expresseadoncernaboutwhether
the surfacecould be usedlike a typical table.For example they
suggestedhat foodandbeveragesareoftenconsumediuring board
gamesandthey would like to put dishesand otheritemson the
foil while playing.

The participantsgenerallytrustedthe systemandliked the idea
of anintelligent smartsurface However,the key issuesfor them
werethe system’shigh reactiontime, which impededthe game’s
dynamism, and the unattractive design of the display.

7 DISCUSSION

In this section we discusour key ndings andcomparethemwith
past literature.

We usedautomatichookkeepingn our system Automatic book-
keepinghasheensuggestedsa desirableaugmentationof board
gameq27]. Our analysisshowsthat the automaticcounting system
positively impactedthe players’performance Gamestatisticsin-
dicatethat participantspurchasedewer smalltreesand planted
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fewer seedsBecausehe gamemechanicgpenalizeplanting nu-
meroussmalltreesandseedsn the nal rounds,especiallyduring
shortgameplaysessiongdueto their lack of in uence on the nal
score), weconclude thathe participantsplaying with the system
adopteda moree ective strategy.Furthermore the automaticsys-
temsigni cantly reducedhe duration of individual rounds,making
the gameplaymore dynamic.Yet,we are awarethat whethersuch
augmentationlimits engagemenshouldbefurther investigated.
As Xu etal.[3€ note,‘chores’(de ned asfunctional actionswithin
the boardgame)cansupportsocialinteractions facilitating engage-
ment.

A large proportion of the move detectionerrors madeby the
automaticsystemcan be attributed to issuessuchasglitchesin
the manufacturer’smplementationof the debugport, conservative
triggering thresholds overly simplemarkers,andlack of a classi-

er featureextractionstage Theseissuescanbe xed in further
iterations,signi cantly improving performanceandallowing for
unsupervisedleploymentFurthermore, alerrorswere made dur-
ing the growth phase During the photosynthesiphasethe system
achievedl00%accuracy.Capacitivesensing therefore,presents
itself asafeasibleway to detectboardgamepieceson tabletops.3D
printing alsoprovedcapableof producingcompacteasy-to-install,
inexpensiveconductivemarkersfor the gamepiecesSeverapar-
ticipantsreportedthat they thought that moveswere detectecby
overheadcamerashighlighting the unobtrusivenessf our solution
over systems based on external vision sensors.

7.1 Towards screenless tabletop sensing in
games

Our study suggestghat screenlessabletopsensingcould subtly
alter how playersinteractwith andperceivetabletopgamesgspe-
cially whenthey arestill learningthe game By reducingreliance
on screensthere seemdo bea subtleshift towardsa moretangi-
ble gameexperiencePreservingangibility in hybrid boardgames
is consideredan important designgoal[15 16 27. Our ndings
suggesthat when the tangibleelementsof agameare more pro-
nounced playersgravitate towards more strategicgameplaybe-
haviors.Moreover,the nature of screenlessensingmay allow for
moredirectinteractionwith gamecomponentspossiblyenabling
a smoothergameexperiencelnterestingly,a few participantsspec-
ulatedthat the overheadcamerasvere usedfor movedetection,
indicating that screenlesspproachesnight belessobtrusivethan
traditional methodssuchasexternalvision-basedystemswhich
arewidely usedin hybrid boardgame$6, 27. This raisesanin-
triguing question regardinghe potentialfor screenlessensing to
0 er amoreintegratedgameexperiencewith technologysubtly
supportinggameplayScreenlessensingcouldallow the userto
capitalizeon the enhancementgrovided bytabletops[4] without
the distraction of a screen.

7.2 Limitations

Severakurrent limitations of the systemshouldbethe subjectof
future work. Our systemexhibiteda detectionaccuracyof 85%ren-
deringunsupervisedeal-world deploymentunfeasibleTo enhance
detection precisionmore careful design afmarkers and optimiza-
tion of the triggering mechanisnis advised Furthermorewhile our
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systemcan beeasily integratedvith many commorboard games,
titles with morecomplexmechanicssuchaspiecestacking,arenot
currently supported.Our study spannedonly 12rounds.During
extendedyamesession®r afterlong-termuse playersmight foster
interactionswith the systemthat aredi erent from thoseobserved
in our study.Moreover,our participantpoolwascomposedolelyof
novice players.Automation might alsoimpactexperiencedlayers
di erently, necessitating further research.

8 CONCLUSION

In this paper,we havereportedon the implementationand evalua-
tion of atabletopautomaticpoint-counting systemfor enhancing
boardgamesThe systemwastestedin an action point game,Pho-
tosynthesis. Accordinig the participants,our research prototype
did not impedethe gameplaybut facilitated focus on the game
mechanicsThis allowedthe participantsto developmoree ective
strategiedy shifting focusto key aspectof the gameduring the
very rst playthrough.The participantsalsoreportedtheir strug-
gleswith board gamesmore generallyand o ered ideasfor future
player supportsystemsOur study showsthat capacitivesensingis
apromisingavenuefor augmentingtabletopboardgamesWe hope
this work will contributeto understandinghow augmentationcan
enhance board games without impeding the player experience.
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