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ABSTRACT

Sensorytechnologieslter how we perceiveour body,which can
haveprofoundimplicationsfor multiple domains Prior work has
contributeda myriad of artefactsand evaluativestudies,but we
still lack designknowledgeto designmeaningfulbody perception
alterationsfacilitated by sensorytechnologiesTo addresghis gap,
we draw from somadesignto proposea methodologicabpproach
centeredon body sensationasdesignmaterial.We articulate our
approachbasedon a project on co-designingwearablego alter
body perceptiontogetherwith professionabdancersOur approach
involves engagingparticipantsin articulating and sharingbody
sensationgo others,andexploring somaticallysensorystimuli to
co-desigrconceptdor future technologiesWe contributeexperien-
tial facetsof body sensationstnovementand sensorypotentialsto
alter sensationsmethodsanddesignstrategiesanda collectionof
ideas.Our work canberelevantto designcommunitiesinterested
in sensorytechnologiesperceptuaklterationsandbodysensations
asmaterial.
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1 INTRODUCTION

Thetechnologiesandinteractionswe designprofoundly in uence
our body experienceg3(. Researctboth in Human-Computer
Interaction (HCI) and cognitive neurosciencdéasshownthat sen-
sory technologiescansigni cantly impactbodyperception how
we perceiveour own body size,shape capabilities Our body per-
ceptionis highly plasticand canbealteredthrough multisensory
signalsand feedbackrelatedto the body[9, 20, 53 82, 102 114,
through which it is possibleto createe.g.perceptualillusions of
one'sphysicalbody changing[69, 94 118. Forexamplealtering
the frequencyof people'sown footstepsoundsmakesthem feel
changesn their perceivedbodyweight andimpactson their e.g.
gait, emotions,andfeelingsof beinglighter and quicker[16,99].
This insight hasspurreda wealth of researchcontributing vari-
ousinspirationalultimate particularsand correspondingevaluative
studies(e.g[6,16 40,48 68 76 85 87,95 103 119), openingup for
numerousapplicationareas- from potential healthandwell-being
interventions(e.g. physicalinactivity [47, 49; bodyimagedisor-
ders[6], 96, physicalrehabilitation[89) to interactivearts and
creativity [21, 114 115. Thesee orts havebeeninstrumentalin
probing andvalidatingin the lab the potential of sensorytechnolo-
giesto alter body perception,aswell asin uncoveringthe complex
perceptualprocessesriving thesechangesYet,this extensivere-
searchareastill lacks methodologicaldesignknowledgeo help
designersexploreand designinteractive sensoryexperienceshat
meaningfullyalter body perception.As thesetechnologiebecome
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more accessibland ubiquitousin real-life contexts,it becomes
increasinglyimportant to askhow canweidentify and articulate
relevantbodyperceptionthat wewantto alter throughdesign How
canweexplorehepotentialof di erent sensorgtimuli to alter peo-
ple'sperceptiorof their ownbody?Howcanwe generateonceptfor
future interactiveexperiencabat fostermeaningfulalterations?

Here,we proposea methodologicabpproachto start addressing
thesequestions Drawing from somadesign[30, we proposeto
framethe designinquiry on body sensations as design mate-
rial that canhelp peopleidentify, articulateandexplorein depth
interestinginterplaysbetweensensorystimuli and body percep-
tion alterations.We proposeour approachbasedon the work in a
projectaimedat designingmultisensorywearabledo alter body
perceptionfor healthandwell-being.Followinga Researclhrough
Designprocessdrawing from somadesign,[25 anda co-design
methodologicabpproachwe invited professionaldancersasex-
pert participantsand co-designersDancersparticipatedin two
homestudiesandtwo workshopsinvolving somaticand material
explorations Besideslancersbeingone of the targetgroupsof our
project,we believedthat their somaticconnoisseurshig78 and
their uniquerelationshipto body perceptionand movement(such
astheir proprioceptiveacuity [35 andbodily control [7]) could
supportnuancedexplorationsof somaticdesignmaterials.

We contribute an approachto explorethe designspaceof body
perceptionalterationsfosteredby sensorytechnologiesThis ap-
proachinvolves, rst, engagingparticipantsin accessingexpress-
ing, and sharingtheir body sensationsmaking them actionable
for the designprocessand to others.Secondengagingin deep
andrich somaticexplorationsof materialswith diversesensory
stimuli, to explorehow they could reduce jntensify, transform,or
heightenawarenesof their sensationsThird, the approachin-
volvesleveraginginsightsto collaborativelydesignconceptsfor
future technologieghat couldalter body perception.In additionto
the overallapproachwe contribute:

Experientialfacetsof body sensationghat areimportant to

takeinto accountin design.

Variousmovementand sensorystimuli potentialsto alter

body sensations.

Methodologicaknowledgein the form of concretedesign
methodsand practicalstrategiesfor incorporatingbody sen-
sationsinto the designprocess.

A collectionof designconceptsthat show the generative
capacityof our approachandcansparkinspirationfor future

technologydevelopment.

Our work o ers aresourcefor researchersn multiple body-
centriccommunitiesinterestedin sensorytechnologiespody per-
ceptionalterations,andworking with body sensationasdesign
material,suchasmultisensoryHCI (e.g.[11, 62 95 12(), somade-
sign (e.g.[30 33), human-computeintegration[58 89, embodied
interaction (e.g.[59 93 121)), and particular applicationdomains
(e.g.sports, gamesrehabilitation[56,57,85,117]).

2 BACKGROUND

We draw from recentintegrativeresearchon body sensation§42,
52 97], which considersevolutionary,psychologicabndneurosci-
enti ¢ perspectivesto conceptualizebody perceptionand body
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sensationsn our work. We review relatedHCI researchworking
with body sensationsasdesignmaterial.

2.1 Theoretical Underpinnings

Body perceptionis a complexand multifacetedphenomenaijn-
volving various bodily multisensorysignalsaswell associocul-
tural and personalexperienceg42, 52, 97). It encompassesti-
matelyinterrelatedfacets suchasperceptionsof one'sbody'scon-
guration and motor capabilities[45 54]), bodyappearancée.g.
shapeand size[20, 53), and sensationshat are localizedor felt
in the body, regardlessf their sensoryorigin ([44, pg.13),and
of which peoplecanbe aware[19. Thesevariousfacetsare not
experientiallyisolatedconstructs[44. They are part of our body
experienceconstitutedas an integratedwhole, in which sensa-
tions, emotions,movementsthoughts,socioculturalinteractions
andothermanifestationsntertwine anddynamicallyco-shapesach
other[1, 17,23 42 44,70, 81], impactingpeople'smotor,emotional,
and socialfunctioning [1, 17, 23 70, 81. However, articulating
manifestationsof our body experiencen linguistic constructs(e.g.
termssuchassensationemotion,memory,etc.)enablesusto ex-
aminethe complexity of our body experiencesndtheir mutual
co-constitution[42 73. Here,we proposethat centeringthe design
inquiry in body sensationdelt in the body canhelp peopleiden-
tify, articulateand explorein depththe interplay betweensensory
stimuli andalterationsin their holistic body perception.

2.1.1 BodySensationsBodysensationencompass wide range
of felt experienceselatedto one'sbody.Physiologicallythey are
experiencedhrough two body systemselatedto their perception
andregulation[43: homeostaticconcerninginternal physiological
statesand processese.g.thermosensationyisceralpain, muscle
fatigue,nauseaandhunger[1§), and somatosensorgoncerning
processingsensoryinput relatedto body-environmentrelation
(including e.g.proprioceptive[ 23 54 andvestibularsignals.exter-
nally inducedpain, or tactile information). While peoplecanfeel
sensationsn speci ¢ body areas(e.g.kneepain),sometimesensa-
tions aredi use andfelt spreadacrosshe body (e.g.coldwhenthe
bodytemperaturedrops)[1§. Body sensationsre often subjectto
subjectiveappraisal[42. Thatis, peoplemight experiencahemas
positive,desirablepleasantgtc.,or asnegative,or unfavourable.
This appraisalis in turn shapedby individual and sociocultural
in uences (e.g.memorieshealthexpectationsprior experiences,
socioculturalnormsandbodyideals[104), andthereforechanges
acrossculturesandevengroupsof people[42, 97, 114. Finally, how
we experienceur bodysensationghange®overtime,dependingon
the actualbodyandits physiologicalchangesbut alsoon perceived
sensoryinformation, which shapesur bodyexperiencd3, 5. This
meansthat body sensationsare malleable and canbe shapedby
sensoryinformation that doesnot originatein the body[42. This
opensfor the potential of sensorystimuli to transform people's
perceptionof their own body [114 in a holistic way: impacting
the feelingsaboutbody,movementandemotions,andwherethe
sensorystimuli's evocativepoweris crucial (ibid.).

2.2 Related Works

Multisensoryresearchin HCI and cognitive neurosciencéiaslong
studiedsensorytechnologyto alterbodyperception(e.g.[46 48 62
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85 10Q 12Q). This community hasyieldedmultiple explorations
on the impact of di erent sensoryfeedbackon perception[87),
e.g.tapping soundsinducingillusions of havingalongerarm[98
101, 103; creaky soundsmaking individuals feel sti er [48 87),
hapticfeedbacKkeadingto perceptualllusions of phantomlimbs
[9, 104, and visual feedbackin VR fostering perceivedchanges
in bodyweight [68, andsize[94 11§. Theseinsightshavebeen
exploredin di erent contextssuchassports,dancemotor learning,
healthandrehabilitation (e.g.[12 15 28 62 74 77, 8(]). Relatedly,
Human-Computeintegrationworks proposeto integratedevices
directly into the humanbodyto alter perception[39,58,89,125].

Otherrelevantrelatedworks focuson body sensationsThese
canbefoundin particularapplicationdomainssuchassports(e.g.
[4, 55 86 124), or body-centricgamede.g.[13 57]). Most of these
works seekinstrumentalgoalsthrough the introduction of sensory
technology[109 113. Someaimto increasepeople'sawarenes®f
their motor capabilitiesandperformancee.g.[88 114. Othersfocus
on inducing felt sensationgo e.g.improve instructionsthrough
recreatingthe sensatiorof beingpulled and pushedduring snow-
boarding[88, or to fostercompetitionin agamewhereplayerscan
inducesensation®fimbalancen others[b7. However theseworks
donot elaborateon how their focuson bodysensationshapesheir
designprocessnor shapethe body experiencebeyondprede ned
goals(e.g.improveinstruction and performancefun andplay).

In thesecommunities works aretypically hypothesis-driveror
inspired,with afocuson evaluatingthe e ects of sensoryactua-
tion on body perception.Yet,thereis lessemphasison early and
in-depth explorationsof its potential to foster meaningfulalter-
ations.We suggesthat new methodologicabpproachesnay be
necessaryo addresghis gap.Forthat, we draw from somadesign
- amethodologythat centerson the body asdesignmaterial.

2.3 Design asthe Orchestration of Various
Design Materials

We draw from somadesignworks to approachbody sensationss
designmaterial. Somadesign[3( foregroundsthe deepeningof
our bodily and aestheticappreciation,and proposesa deep felt,
subjectiveand somaticengagementvith sociodigitalmaterialsto
shapemeaningfulinteractive experienceshat highlight the inter-
connectednessf sensationsfeelings,.emotions,andvalues[65 90.
In somadesign,desigring is viewedasan orchestrationof various
designelementsB(, bringing togetherpeople interactiveartifacts,
andbodily, material,and cultural aspects.

We considersensationgsdesignmaterialasarticulatedby Ho6k
[30], (p-16)wearedesigningvith a sociodigitamaterial,our own
somagq...] are alsoa designmaterial of sorts.[...] our bodiesand
our subjectiveexperiences$eelingsyvalues meaning-makingand
movement-basezhgagementrealteredby the desigrprocesd-ur-
ther, we work not only with somaticelementsput alsophysical
objectswe engagan deepsomaticexplorationsof sensorystimuli
elicitedby suchobjectg49 113. Themateriality of bodysensations
di ers from the materiality of objects[26]: they might belesstan-
gible,andsomesensationsanbeinducedthrough physicalobjects
- aswe will illustrate throughoutour empirics.Our work focuses
on the intersectionof somaticelementsand objects'materiality
co-shapingeachother[30,66,113].
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Multiple somadesignworks (e.g.[22 31, 33 36 49 64 65 107,
109) havefocusedon body sensationssdesignmaterialto shape
andbeshapedhrough somaticengagementvith otherdesignmate-
rials. Forexampleexploringsensation®f balancg 31, 50, or pelvic
oor tilting [90] haveshapedull designprocessedviost somade-
signworks strongly emphasizendforegroundbodyawarenesand
self-discoverye.g[33 36 90 92 107%). In this paper,we contribute
to, andexpand theseworks by exploring how centeringon body
sensationasdesignmaterialcannot only deeperawarenes®f the
bodybut alsoalter body perceptionin signi cant ways.

3 METHODOLOGY AND METHODS

This paperis part of a larger project, BODYinTRANSITwhich
seekgo developnovelwearableso improveself-bodyperceptionin
peopleproneto bodyconcerngi.e.unfavourableappraisaln their
body).Our teamis multidisciplinar, including interactiondesigners,
somadesignersHCI researchersgognitive neuroscientistsand
performanceartists. This study constitutedearly e orts within the
projectto understanchow dancergoneof the targetedpopulations)
perceivedheir bodyandto derive designideasfor prototypes.

We adopteda Researcltihrough Designapproach 25, amethod-
ologythat utilizesdesignartifactsandmethodsto exploresituations
andchallengesand generatedesignideas We alsoemployeda co-
designapproach 84. Potentialparticipantswererecruitedthrough
the lab'sdancenetworks.They hadto beprofessionabdancersor
enrolledin advancedianceprograms.Dueto BODYInTRANSIT's
focus,we usedthe Multidimensional Body-SelfRelationsQues-
tionnaire [8] to selectparticipantssusceptibleo body concerns,
which in dancersoften emergefrom the pressureof achievingpeak
physicalperformancewhile conformingto anidealbodyimage
([67)). Our study centeredon investigatingbody sensationand did
not addressody concernshput selectingparticipantswith these
traits allowsusto potentially utilize insightsin future studiesin
the project. Twelve participants(8 womenand 4 men),aged18
to 46(M=28.16SD=7.6)joined the study.Eighthadover 7 years
of professionabdanceexperiencethreehad1to 2 years.All were
pursuingor had completedgraduatedegreesn dance.Tenwere
trainedin contemporarydancepnein classicadanceandonein
improvisationdance Nine participatedin all the activities.

Thestudyinvolved sensitizationandideationphaseg41]. These
phasesdncorporatedvariousactivities,suchashomeexerciseand
workshops.The study took placeovera 3,5month period.Figurel
providesan overview of the study, showingthe activitiesthat form
the empiricalbaseof this study that we explainnext.

3.1 Sensitizing

The sensitizingphaseintendedfor participantsto articulatemean-
ingful body sensationghat they felt in their everydaylife - with
the aim to shareit with the designteamand other participants.
It alsointendedto introduceparticipantsto working with design
materials(i.e.movementand sensorystimuli, suchashapticand
sound)assensitizationto the upcomingdesignideationphase.

3.1.1 HomeExercisd.: estionnaire of Somatid?erceptionand
Sensationdn the rst homeexercise(henceforth:HE1),partici-
pantsengagedn an individual inquiry at homefor two weeks,
focusingon felt sensationghat they experiencedn their everyday
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[ Sensitizing H Ideation ]
.| Home Exercise #1 |. .. Design Workshop #1 .. .| Home Exercise #2 |. .| Design Workshop #2 .
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technology that experience them first  ideas in a narrative
influences body hand and polish them & performative
sensations. collectively. format.
Body maps Video recordings of action and interviews

Figure 1: A visualization of the phasesand activities that form the empirical basisof our study.

life. We encouragedarticipantsto focuson positiveand negative
sensationghat they experiencedhroughoutthe day asaway to

identify salientexperiencesParticipantscompletedan online ques-
tionnaire with atleast3 positiveand3 negativesensationsinspired
by theorieson bodysensationg27), we askedfor ageneraldescrip-
tion of afelt sensatiorandits relation to their motor, emotional
andsocialexperienceWe alsoaddedrelevantquestionse.g.when

the sensationwasfelt, its bodylocation,how longit lasted,etc.

3.1.2 Workshopl: SomatidValkthroughandSensoryodystorming.
The rst workshop(henceforthWS1)lastedabout4 hours.We had
12participantsand? facilitators:5designresearcherand2 choreog-
raphers(lab collaborators)to aid usin co-organizingwarming-up
activitiesand help participantsduring somaticexplorations.
Theworkshopwasvideorecorded We wantedparticipantsto

rst, explore rst-hand someof the sensationghey had shared
with us.Forthat, participantsengagedn asomatic walkthrough,
an activity we devisedto allow participantsto 1) reconnectwith
the sensationghey had sharedwith us,and 2) sharewith other
participants,verbally andsomaticallytheir body sensationsakin
to awalkthroughthrough the sensationge.g.what it was,whereit
wasfelt, howit a ected them).Otherswereencouragedo integrate
this information into their own somaticexperiencesto relateto
the sensationfrom a rst-person perspectiveParticipantswere
divided into smallergroupsto createa more intimate space(4
groupsof 3, plus a facilitator). Participantsselectedone or two
questionnairaesponsegwhich we hadprinted for eachparticipant)
that they wantedto sharewith the rest. Oneby one,we invited
themto brie y introducetheir sensatiorandthentry to reconnect
somaticallywith it by e.g.movingin away that would allow themto
feel (or reminiscencespectof) it again.Otherswere encouraged
to creativelyappropriatesuchexpressionintegratingit into their
own somaticunderstandinghrough movementexplorationin their
own interpretation. We facilitators employedprompts drawing
from Laban'smovementqualities[75 (e.g.shapeand direction
in physicalspacespeedcontinuity andsmoothnessweight of a
movement)to prompt creativedivergencesn their explorations.
Finally, we debriefedtogetherwhat occurred.
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In the secondactivity, a sensory bodystorming [113, we
wantedparticipantsto explorehow di erent movementsandsen-
sory stimuli couldin uence their sensationsWe broughta bodys-
tormingbaskef119, a collectionof objectswith diversetangible
andsoundproperties that we had curatedfor their potential of elic-
iting di erent sensorystimuli (Figure2.a)Individually, participants
focusedon oneof the sensationghey hadexploredduring the so-
maticwalkthroughandwereencouragedo exploreif, through hap-
tic or soundstimuli, they couldin uence it. As generativeprompts,
we gaveparticipantsfour verbs(i.e.intensify, reduce bring aware-
nesstransform)to openup the designspacein regardsto what
they couldattemptto dowith their bodysensationshrough design.
However,we alsogavethem the option to exploreother action
verbs,if they wanted.Participantsselectedan objectfrom the avail-
ablepool,and somaticallyexploredif, and how, it would in uence
their felt sensationsTheywere encouragedo try variousobjects
andto changeactionverbsasthey wanted.We facilitators moved
amongthem, askingthemfrom time to time to verbalizewhat they
weredoing to documentit on cameraThis activity helpedbridge
the sensitizingandthe upcomingideation.

3.2 Ideation

This phasefocusedon exploringhow sensationsouldbealtered
through the somaticengagementvith materials,andon generating
designconcepts.

3.2.1 HomeExercis€: Body Mapsand Ideation.In the second
homeexercisghenceforth:HE2),we gavethe participantsprinted
A4 sheetgto helpthem comeup with seeddesignideasat home
(Fig.2.b).Onthe left, the sheetsncludeda body mapandguiding
questionsjntendedto help participantsarticulatebody sensations,
what they would like to dowith it in design,andhow they envision
it couldimpactthem.On the right, participantswereinstructedto
imagineafuture technologythat couldhelpthemachievetheir aims
on the left. We wantedthemto beascreativeandunconstrainedas
possiblesowe providedclearinstructionsto not worry aboutcosts
or feasibility. Participantsengagedn individual ideationat home
for two weeks We askedthemto comeup with atleast5 distinct
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Figure 2: Examples of di erent methodological considerations. a) Bodystorming Basket: a mix of materials we brought to
the workshops for ideation. b) Sheetsthat participants took home during the secondhome exercise, also in Supplementary
Material. c) Snippet from the diagrams created from the video analysis, in this caseof the sensory bodystorming activity.

designideasand sharethemwith us prior to the next workshop
via email(i.e.taking a picture of the sheetspr scanningthem).

3.2.2 Workshop2: ExperiencingdeasandVideoPrototyping.The
secondworkshop (henceforth:WS2)wasrun twice dueto schedul-
ing con icts amongparticipants.Four participantsparticipatedon
the rst day,and ve onthe secondEachlasted3 hoursandwas
videorecordedTheaimwasfor participantsto experienceandlow-
prototypeoneof the ideasthey hadsharedn HE2.Sixfacilitators
(5researchersa choreographerhelpedwith prototyping.
Experiencingdeaslin the rst activity, experiencing ideas, akin
to the somaticwalkthrough, participantswere dividedinto groups
of two or three,eachgroup having one or two facilitators. Each
group selecteda coupleof ideas(which we had printed) that they
wantedto exploreand then sharedthem with the others.Then
they engagedn a short somaticwalkthrough, to sensitizethem-
selvesto the sensationat focus.Next, taking turns, participants
describedheir ideafor awearabletechnologythat couldin uence
their chosensensation Collectively, participantsengagedn an
embodiedsketching[59 activity, andusedvariousobjectsfrom the
bodystormingbasketto experimentwith di erent possibleways
of simulatingthe e ects of this imaginedtechnology.Participants
sketchedvery low- artefactsandhelpedthe participantwho orig-
inatedthe ideato experiencerst-hand how their sensationsvere
beingin uenced (e.gby fakingthetechnology'sinteractivity). Next,
other participantsin the group experiencedhe idea rst-hand too,
to provide additionalinsightsandre nements. Participantstalked
aloudthroughoutthe exercisesignallingwhat they werefeeling,
whatworkedwell, andwhat would needto bechangedParticipants
engagecollectivedecision-makingThroughthis iterative process,
ideaswere polisheduntil a designconceptwasarticulated.
VideoPrototypingln the secondpart of WS2,we helpedpartic-
ipants nish building alow- delity prototype of their idea,with
emphasigut on illustrating its interactivity with the help of their
team.The objectivewasto presentthis prototypein the contextof
avideo prototype: ashort performanceg(3 minutesmax.),where
they would showtheir initial sensatiorandthe impactit hadon
them, their wearabletechnologyandits interaction,andthe e ects
that it would haveon the initial sensationForthe performancepur
choreographer-facilitatoactedasa TV presentemwho invited and
interviewedthe participantsascreatorsof technologieshowcasing
their inventions . Eachdancer(andtheir team,if neededgenacted
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in this contexttheir resultingideasto the restof the audiencepar-
ticipants. After this workshop,we sentout a short nal online
questionnaireaskingparticipantsabouttheir study experiences.

3.3 Data Analysis

Our work involveddi erent analyseon di erent datasourcesal-
thoughall wereinspiredby re exive approacheso coding[1Q that
combinedeductiveandinductive analysisto nd conceptuallyre-
latedcodesandthemesHE1questionnaireresponsesvereinitially
open-codedy the 1stauthor,combininginductive and deductive
approachesTheoreticalconceptsrom the literature informedthe
initial coding,re ned collaborativelywith the lastauthor overtwo
sessiongo establishnal groupings.Interviewsunderwentsimi-
lar analysisby the 1stauthor,with input from others.Videodata
from WSlandWS2were primarily analyzedusingvideoanalysis
[29 andinteractionanalysis[37] by the 2ndand 3rd authors,with
supervisionfrom the 1stauthor. Diagramswere createdto visual-
ize e.g.sensationst focus,actionsandinteractions,e ects of the
interactions,aswell astheir evolution (Figure2.c).The 1stauthor
reviewedthe analysis,addingfurther detail from raw data.The 3rd
author, superviseddy the 1st,translatedinsightsinto spreadsheets
to identify patterns(e.g.cross-tabulatinghe useof di erent haptic
andsoundqualitieswith the e ects on the sensationgarticipants
hadexperienced)Theresultingtableswere extensivelydiscussed
andre ned by the 1stand 3rd authors,with input from the last
author. This processyieldedinsights presentedn Section4.2.We
alsoselectecempiricalexampledrom the videodatato illustrate
how peopleengagedn the variedactivitiesof our approach.

4 RESULTS

We group our empirical ndings into key considerationsof our
approach- which centerson body sensationsasdesignmaterial
that can help peopleidentify, articulate and explorein depthin-
terestinginterplaysbetweensensorystimuli andbody perception
alterations.First, we show that our sensitizingactivities helped
participantsexplorein depthandarticulaterich facetsof their felt
bodysensationsTo do so,we showinsightson threefacetsof body
sensationgesulting from our analysis,and bring an illustrative
exampleon how peoplesharedbody sensationsvith others.Sec-
ond,we showhow participantsengagedn somaticexplorationsof
simplematerialswith variedsensorystimuli to explorehow theyin-
uencedtheir sensationsTo do so,we bring anillustrative example
on how peoplesharedbody sensationsvith othersandacollection
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of movementandsensorypotentialsidenti ed through our analysis.
Third, we show how participantscollectivelyleveragednsights

and sketchedconceptsfor future technologieshringing another

illustrative exampleof the designprocessehindone suchconcept,
andshowingthe collectionof resultingideas.

4.1 Sensitizing Participants to Body Sensations
and Making Them Available for Design

4.1.1 Facetof BodySensationsWhen consideringbody sensa-
tions asdesignmaterial,it is importantto recognizetheir diverse
typesandemergencehow they are shapedby individual and so-
cioculturalfactors[19 27, 53 54, 104, andunderstanchow they
impactparticipantsandinterrelatewith other aspectf body per-
ception.The rst homeexercisg HE1)helpedparticipantsfocuson,
andpinpoint, interestingbodyexperiencegmergingaroundabody
sensatiorthat they felt in their everydaylife. We receivedé5ques-
tionnaire responsesDrawing inspiration from prior somadesign
work [24], we hereuselensesto zoominto facetsof our somatic
experienceWe employthreelenseso structurethe resultsof the
guestionnaire'sanalysis:1l) sensatiortype, 2) emergencendtem-
porality, 3)interrelation with, andimpacton, other aspectof the
body experienceEmpirically, we presentfew detailedexamplesof
participants'questionnaireresponseshowingthe interconnection

of sensationsith other experientialaspectf body experience.

We alsopresenta coarsercharacterizatiorto highlight the breadth
of reportedsensationsThis a subsectiorthat may be particularly
relevantto thoseaiming to focuson body sensations$ut not yet
acquaintedwith their experientialfacets.

1) Type. Participantsmostly focusedon sensationgprimarily
felt in the upperbody (chesttrunk, arms)or throughoutthe entire
body.As perinstruction, sensationsverereportedaseither positive
or negative Somereportedsensationselatedto body appearance,
e.g.bodyweight andsize.Forexample P5reportedin a question-
naireresponsdeelingsof heavinessn hertrunk andlegswhenshe
did not accomplishparticular pirouettesor "tricks" during training.
In thosemoments,shereportedthat the sensationof heaviness
led her to believethat shewould not beableto performthe tricks,
which in turn sometimesnadeher abandorthe training session
altogether.Shealsoreportedthat sometimesywhen experiencing
suchheavinesssheengagedn a consciousattemptto stopassoci-
ating agility with bodyweight. Other participantsreportedother
bodyappearance-relatesensationssuchasfeelingthin whencom-
paring oneselfto others(P7) feelingbig during movementgP1),0r
bloatingwhile zipping pants(P4).

Participantsalsofelt sensationghat relatedto body capabili-
ties, suchasstrength,agility, andsoforth. Forexample P1reported
feelingsof strengthin his armsafter moving his upperlimbsdur-
ing training. He reportedthis sensatiorto lastfor severaldays,in
which it madehim feel more beautifuland sexyand wanting to
showo that part of his bodybecauséne derivedpleasurewvhen
otherscommentecbn his strongarms.Other capability-relatedsen-
sationsreportedincludedagility during post-physicalactivity (P2),
andfeelinga goodphysicalcondition (P1).Negativesensationen-
compassetveaknessvhenlifting weights(P1) excessiveexibility
(P7)or lack of coordination(P10)during training, reducedmuscle
tone dueto ageing(P10)andrigidity in unfamiliar dancestyles
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(P10)Finally, participantsalsoreportedother sensationssuchas
feelingenergyduring training (P4,P10)0r stomachtingling from
compliments(P11) Negativesensationsncludedphysicalfatigue
(P2,P3,P6,P7,P9,P10)pain(P2,P2,P9,P10)or widespreadnuscle
tension(P8).

2) Emergence and Temporality. An important characteristic
of bodysensationss their variability in regardto when participants
felt that their sensationeemergedand the time that they lasted,
oftenin uenced by contextualandindividual factors.In our study,
we foundthat positiveself-perceptiondljke beingsatis ed with the
own body,were experientiallylinked to a sensatiorof increased
energy.ForexampleP8reportedthat sometimeswhenshereceived
complimentsfrom her teacheror colleague®n her performance,
shewould feelacceptedyalid andproud of herself.Shewould often
experienceawidespreadsensatiorof energyin herbody,that could
sometimedast for days.When experiencingthis sensationshe
would feelmotivatedto engageo agreaterextentwith hertraining.
Conversely,negativeself-comparisonsvere linked to fostering
negativesensationssuchasawidespreadhinnesswhencomparing
oneselfto others(P7).Otherreportedreasongelatedto movement
andtraining, e.g.feelingmusclefatigue (P6)andpain (P10)during
training, or agile and strong for hours afterwards(P3).For P11,
prolongedinactivity ledto aheavyfeelingin the legs,andimproper
executionof movementssometimesvasconnectedo feelingsof
physicaldiscomfort(P4).

3) Impact. Bodysensationsareintertwined with other aspects
of people'shody experienceimpacting people'smotor, emotional,
andsocialfunctioning [42. Someparticipantsreportedthat their
sensationsstrongly impactedtheir emotions . Often, what they
deemedhegativesensationgenerallyled to emotionsthat they
alsodeemechegative andvice versa.Forexample P1felt big dur-
ing certainmomentsof his practice,which in turn madehim feel
powerful and motivated.In contrast,a "feelingbig" sensatiormade
P4feeluncomfortable assheassociatedhis sensationwith being
too fat for her dancepractice.When experiencingthis sensation,
P4felt blockedand distant from herselfand others.Othersalso
connectedveight-relatedsensationgo strongemotionalresponses,
suchashelplessnes§P9),and self-rejection(P11) Sensationse-
latedto body capabilitieswere alsooften connectedo emotions.
Forexample P12often experienceceuphoriaand happinessvhen
hefelt his muscledo havestrengthduring training (P12) Others
connectedeelingweaknesgo beingsad(P11)feelingtired to loos-
ing motivation to dothings (P1),or feelingguilty for not beingin a
bettershape(P3).Painled to emotionalexhaustionfrom havingto
dealwith it constantly(P10)andirritability (P2).

Participantsfelt that their sensationshapedhowthey moved
Forexamplejn P1'spreviousexamplefeelingbig, motivatedand
powerful madehim alsomoredaring: he would engagen explor-
ing movementghat were new for him, or that he did not feel so
con dent performing. Others connectedfeeling light to calmer
movementyP4).Someparticipantsreportedfeeling strengthpro-
motedample (P10)energized(P3)or powerful (P4)movements.
Othersconnectedigidity to limited, lessnatural movementgP10).
Painmadesomereducetheir movementrange(P9).

Someparticipantsreportedthat their sensationstrongly shaped
their socialinteractionsP4describedeelingbloatedin her lower
belly while zipping her pants. This sensationoften causedher
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Figure 3: Snippets of P3,P5and P10'smovement exploration of tension in the somatic walkthrough activity.

discomfortand promptedher to try to concealthis areaduring
training. Despitethis, sheacknowledgednaking a consciouse ort
to acceptthe variability in her body'sappearancendsensations
from dayto day.Othersreportedthat feelingagileimprovedtheir
moodwheninteractingwith others(P2).P4'scon dencein social
situationswasincreasedvhen feelingstrength,while alow muscle
tone led P10to feelthe needto explainher physicalconditionto
others.P10reportedthat experiencingpain causecher to distance
herselffrom her peersand P7connectedeelingtired to focusing
moreon herselfat the expenseof socialinteractions.Finally, some
participantsconnectedtheir sensationgo their perceivedbody
image.Forexamplethe previousexampleof P1'sfeeling beautiful
andsexywhenheexperiencedtrength.P5'sreportedanincreasen
her of self-esteenalsowhen experiencingstrength.Feelingheavy
led P8to disconnectfrom her bodyimage,andcausedP5to judge
herself.Lastly, P2'sreportedthat his self-esteenwas negatively
impactedwhen feelingtired.

Next, we describenow participantssharedsuchpersonalexperi-
enceswith others,sensitizingothersto their body experienceand
making sensationsavailableto design.

4.1.2 SharingBody Sensationsvith Others.The SomaticWalk-
thoughin WS1provedto beameaningfulexerciseto help partici-
pantssharetheir body sensationsomaticallywith other partici-
pantsandthe researchteam,makingthemavailablefor design.To
illustrate how participantsdid so,we provide a detailedexample
from an explorationof the sensatiorof tension.P10choseto share
with P3,P5andusasensatiorof tensionaroundherright clavicle:l
havea chroniclesionin the clavicleandhencea sensatiomf tension,
of muscleblockagethat irradiatesto di erent areasThissensation
upsetsne[...] andbringsmea needto try to opento expandthe
area],but | alwayshavesomethinghat pullsmebackinwards(Fig-
ure 3.a).The facilitator encouragedhem to exploresomatically
this duality of openingup the musclesandinevitably pulling back.
They eachexploredthis sensationin their own movementstyles
for aboutthree minutes.P10notedthat her sensationincreased
andrealizedshewasprotectingthat area,not engagingher right
shoulderasmuch.P3,who did not havea lesion,enjoyedthe sensa-
tions of tensionandrelaxation.The facilitator providedpromptsto
changetheir movementexploration.The rst promptwasto feel
the musclesensatiorradiating down the backandlegs,leadingto
changesdn their postureandlessmovementin their lower limbs
(Fig.3.b).Theywerealsoencouragedo slowdowntheir movement,
resultingin slow, expansivearm movementqFig.3.c)andthento
experimentwith speedchangesP5saidher tensionincreasedwvith
slow openingand quick pull-backmovementsakin to a rubber
band.The oppositedid not createtension.
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After this exploration,P10elaboratecbn the impactof the sen-
sationon her: It stressese,thinking andworryingaboutthat area
all thetime, trying to notbein pain,thinking that I can'tlift upthis
persorfin certaindancenoves]| can'tleanonthis side| can'tuse
thisarm.[...] It makesnefeellike | am morelimited, it bringsmeto
slowerstiller movementsParticipantswere encouragedo further
explorethe sensationof slow, still movement,moving in small,
controlledmovementsThefacilitator encouragedhemto explore
how extendingthis shoulder'sstillnessto their entire bodywould
feel.P10enjoyedtheseexplorationsbecausehey freedher from
the requirementto movethe shoulderthat sheusuallyfeelsin her
professionShefelt hertensiontransforminto somethingositive...]
| donotneedo doanythingwith it, sol relax (P10)ConverselyP3
felt overwhelmedandrestrictedfrom her usualbroadmovements
in that bodyarea.For P4,it evokedmemoriesof pastinjuries but
presenteda creativechallengeto explorethe emergingpossibilities
when moving only afew body parts.

Throughthe somaticwalkthrough exerciseparticipantscould
reconnecwith the sensationghey hadsharedin the questionnaire,
andsharewith other participants,verbally and somaticallytheir
body sensationsOtherswere encouragedo integratethis informa-
tion into their own somaticexperiencesto relateto the sensation
from a rst-person perspectiveThisresultedin asharedexperience
that they would later build upon during the designprocess.

4.2 Shaping Body Sensationsthrough
Movement and Sensory Stimuli

In the previoussection'sempirical example we showedthat in
the somaticwalkthrough participantsalsoexploredhow di erent
movementqualitiesa ected their body sensationsin the sensory
bodystorming(WS1)andthe embodiedsketching(WS2)activities,
participantsalsoengagedn somaticand materialexplorationsof
how di erent movementgualitiesand sensorystimuli shapedheir
sensationsFor example following P10'sinjury examplein the
previoussection,P10usedhaptic stimuli to bring awarenesso her
shouldertensionduring the sensorybodystorming.Shebeganby
usingasmallplasticscratchingrakewith pointy endsthat contained
tiny balls,conductinga mostly staticexplorationwith closedeyes
(Figure4.a).Sheapplied short but intensebouts of pressureto
di erent pointson her clavicleandneck(Fig.4.b).Shenotedthe
richnessof information shederivedfrom eachindividual point:
Therearesomepointsof pain,butin others) donotfeelanything.l
becomawareofwherethetensiorandpainareexactlyandthat they
arenotaswidespreadsl| thought Next,shegently draggedhe rake
from her upperbackto the claviclein a slow, continuousmotion
(Fig.4.c),which fostereda generalstretchand muscularexpansion,
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Figure 4: Snippets of P10'ssensory exploration of tension in the sensory bodystorming activity.

reducingtensionoverall but not at speci ¢ points. Sheexperienced
similar e ects in other body areas(Fig.4.d)and concludedthat
sustainedbressureappliedat variouspoints with slow movements
broughtawarenesso her tension,while a gentledragginghelped
reducetension.Wanting to experiencepressurewithout applying
it herself,shetried usinga dumbbellon herleg (Fig.4.e) but it was
too light andrigid. However,when sheusedit on smallerandmore
sensitivebodyareasj.e.her arm andshoulder(Fig.4.f),shefelt the
pressurebetter,which broughtawarenesso her tension.

Thesesomaticengagementsvith sensationsmovementandsen-
sory stimuli resultedin di erent movementand sensorypotentials
to alter body perception- through intensifying, reducing,bring
awarenes®r transformingtheir body sensationsNo participant
decidedo exploreother actionverbsbeyondthe oneswe provided.
Suchactionswere not alwaysoccurringin isolation (e.g.bringing
awarenessndintensifying often happenedointly). Ratherthey
allowedparticipantsto articulatethe main e ects they experienced.
Participants'explorationswere slow and extensive andtheir artic-
ulationsandinsightsrich. Thesemovementand sensorypotentials
wereall felt in realtime by the participantsduring the workshop
explorations ratherthan e.g."learned'through their dancingprac-
tice. Next,we reporton variouspotentialswe identi ed. Asin prior
works [49, we presentthemasaninitial designspacepopulated
by interesting potentialsthat should be explored,validatedand
expandedn future work.

4.2.1 MovemenPotentials.Throughthe analysisof all the explo-
rations,we found reoccurringmovementpotentials.

Slowingdownmovemenand movementveightintensi essensa-
tions.Most of the participantsexpressedhat slowing down their
movementintensi ed their sensationsfor example P4'soverall
bodily heavinessvhen moving extremelyslow (Figure5.a).Simi-
larly, roughly half of the participantsnotedthat movementweight
alsointensi ed their sensationsLighter movementsheightened
positive sensationse.g.P7andP6found that lighter movements
intensi ed their sensatiorof chestrelaxationbecameConversely,
heavy movementsappearedo intensify negativesensationsas
evidencedy P2(Fig.5.b)and P9,whosefeelingsof pressurewere
heightenedduring heavymovements.

Spatialchangedn movementransformssensationdll partici-
pantswho exploredexpansiveanovementsn spacee.g.reaching
out more,expandingtheir kinesphere 14 reporteda transforma-
tion in their sensationsand appraisalsFor example P5initially
experienced positive undulating sensationwhich turned into
sti ness when shemadeamplemovementsConverselyP3and
P10who werefeelingchestpressurefelt a sensatiorof releaseas
their movementsexpandedbecausehey felt lessconstrainedand

2552

freeto move(Fig.5.c).Relatedlyfew participantsmentionedthat
other movementchangesn spaceg(e.g.contraction,or translation)
alsoalteredtheir sensationspftento positiveones.
Movementuidity intensi esand transformssensationdMost
participantsfound that when their movementsecamdesscontin-
uousand more shaky,their negativesensationsvereintensi ed,
andpositive onesturned negative Forexample P10experienced
increasectchestpressurewith jerkier movementsyhile P5'sundu-
lating movementsensatiortransformedinto sti ness. Conversely,
uid movementshadthe oppositee ect, turning negativesensa-
tions into positive ones,e.g.P3,P5and P10felt chestpressure
transformto relaxationwith uid movementqFig.5.d).

4.2.2 SensonstimuliPotentials Throughthe analysisof all the
explorationswe alsofound reoccurringsensorypotentials.These
potentialsemergedn the contextof a somaticexploration.Thus,
they areintertwined with speci c movements.

Haptic: Pressurbringsawarenes® sensationdostparticipants
reportedthat applying pressureto their body broughttheir aware-
nessto their sensationskForexample P4broughtawarenesgo the
heavinessn her trunk with a small dumbbell,which increased
her felt weight (Fig.5.e).Forfew participants,however,pressure
servedto alsoreducethe felt sensationsin particularthosethat
were experiencedisnegative suchasanguish.

Haptic: Hapticstimuli reducesensationsr bringsawarenest
them Most participantsprimarily focusedon the haptic properties
of objectsto reduceor increaseattentionto sensationskorexample,
P11'smusculartensionwas reducedwhen sheheld a wool ball
tight to her chest:its warm temperaturehelpedher to alleviatethe
pressureandthat its smoothand soft texture helpedher to relax.

Haptic: Temperaturéringsawarenest sensationdviost partici-
pantsfound that warmth broughtawarenesso their sensationse.g.
P11becamenoreawareof the painin herfoot when sheemployed
a pieceof fabric wrappedarounda roller to roll her foot's sole
becausehe fabric washot (Fig.5.f). To some warm stimuli also
intensi ed sensationsparticularly thoseexperiencedspositive.
In contrast,few participantsfound that cold stimuli transformed
their sensationge.g.from heavinesdelt in the legsto discomfort).

Haptic: Slowcontactwith stimuli reducesensationsviost partic-
ipantsreportedthat slowly movinganobjectthroughouttheir body
reducedheir negativesensationse.g.P10decreasether tensionby
slowly draggingthe racket.In contrast,someparticipantsreported
that touchingthemselveswith objectsin afastmannermadethem
feeltheir negativesensationge.g.anguish tension)moreintensely.

Haptic: Thetextureof objectdransformssensation#\ few partic-
ipantsmentionedthat texturesplayedarole in how they perceived
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Figure 5: Snippets illustrating di erent movement, haptic and sound potentials to shape sensations.

themselvesA smoothsurfacetouchingthe legsrhythmically trans-
formedone participant'ssensatiorof heavinesgo oneof uidity.
Similarly, an elastictexture transformedanotherparticipant'ssen-
sationof heavinessnto one of strengthwhen engagingwith it. In
contrast,afew participantssaidthat rough textures(suchasspikes)
eitherintensi ed or reducedtheir sensations.

Sound: Soundstimuli intensi essensationdn overall, partici-
pantspredominantlyutilized objectsthat producedauditory stimuli
whenthey soughtto intensify asensationForinstanceP1reported
that the soundthat the brushmadewhen he caressedts plastic
spikes(e.g.a hoop-and-loogfastenerbeingseparatedgvokedim-
ageryof muscletearingor ripping, especiallywhenhedid it slowly.
Thisintensi ed the painthat he wasfeelingin his abs(Fig.5.9).

Sound: Slowtempoand low pitch intensifynegativesensations
Someparticipantsexperiencedhat a slow tempointensi ed nega-
tive sensationskForexample P1lexperiencedhat her perceived
brain fog wasintensi ed when sheproduceda slow-pacedsound
with awoodenrattle andsynchronizecher movementswith it (Fig.
5.h).With afastertempo,her brain fog dissipatedand shefelt en-
ergizedinstead.RelatedlyJow-pitch soundsintensi ed sensations
of pain and heavinessForexampleP4heavinessncreasedn her
bodywith the low-pitchedsoundsof a drum beingstruck with a
woodenstick (Fig.5.i),which madeher feelasbeingpressediown.

Sound: Low volumereducesegativesensationshigh volume
increasethem Severaparticipantsreportedthat playingasoundin
alow volumehelpthemreducenegativesensationge.g.anguish)ln
contrast,high volumeincreasedhem,e.g.P2'spain wasintensi ed
when he playeda loud, discretenoisewith awoodenbox.

Sound: Positioningdf the soundntensi esor reducesensations
All participantsbut onefelt that their relative positioningto the
soundsourceintensi ed or reducedtheir sensationsForexample,
P5,using a metal cubebeing hit with a metal stick, noted that
whenshefacedthe sounddirectly, her sensatiorof heavinessn the
thighsintensi ed (Fig.5.j). Yet,the sensatiorwasreducedvhenshe
heardthe soundbehindher body (Fig.5.i). Othersnotedthat when
the soundwasabovethem, it intensi ed sensationdecausét felt
closeto their head;if it originatedfrom their lower extremities,jit
reducedthemasit seemedlistant.
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4.3 Generating Design Concepts

We describenow participants'somaticengagementvith sensory
inputs wasleveragedo collaborativelysketch prototype,experi-
enceandre ne designconceptdor future sensorytechnologyto
alter body perception.We presenta collectionof designconcepts
to showthe generativecapacityof our approachandthe type of
ideasthat were created.

WS1(3.1.2sensitizeddancersto working with body sensations
alongsideother designmaterials. Through movementand sensory
exploration,they discoveredhe potential of shapingtheir relation-
ship with thesesensationghrough design.Thus,in HE2(3.2.1),
they were ableto generated5unique designideasby engagingin
similar explorationsat home:focusingon a speci ¢ body sensation
and experimentingwith movementand sensorypotentialsthat
would intensify, reduce transformor bring awarenesso them.The
sensation®n which they focusedn this exercisecovereda wide
range,from negative(e.qg. rigidity, muscleweaknessjo positive
(e.g., exibility, tingling), with mostparticipantsaimingto reduce
or transformthe former andintensify the latter. Haptic stimuli were
favouredin mostideas.Forinstance P4aimedto bring awareness
to her body's balanceand prioprioception. At home,sheexperi-
mentedwith awater- lled bottle that remainedlevelregardlesf
her movementsThis inspiredin her the conceptof a suit with em-
beddedipes.allowing waterto ow in responseo her movements
andthus bringing awarenesgo her balanceand prioprioception
(Figure6.a).In contrast,only afew ideasincorporatedsoundstim-
uli, suchasP5's,which aimedto intensify her sensatiorof owing
body movementsinspiredby the soundof running water, sheen-
visioneda wearableearpiecethat would sonify her movements
with water-like soundsThroughthis exerciseywe generatediesign
ideasthat were highly individualized,asparticipantsenvisioned
designsfor very personalandintimate somaticexperiences.

In WS2 participantsselectedbne or two of their designideas
and collaboratedin small groupsto experiencethem rst-hand
using availablecrafting materials.To illustrate this processwe
useP4'sexampleof the suit with water- lled pipesfor increasing
proprioceptionandbalanceThis ideabuildson considerationghat
P4sharedalreadyin HE1(3.1.1)that anincreasedsenseof proprio-
ceptionand balanceare sensationghat impactedher in positive
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Figure 6: Design of a suit inspired by the sound of water in responseto her movements. a) First water suit drawing at home.
b) Somatic walkthrough of the sensation of balance. c) Participants crafting the design idea with the available material. d)
Participant exploring variations of the idea, e.g.a water bottle to her chest, cardboard with marbles on her leg. e) Sharing body

experience with others.

ways (e.g.making her feelaccomplishedor worthy). In WS2,akin
to the somaticwalkthrough exercisen WS1,P4sharedverbally
andsomaticallyher sensationof balanceandincreasedoropriocep-
tion with others(Fig.6.b)andthey all engagedn exploring the
sensationsndividually. Next, P4explainedher designconceptand
participantshelpedher experiencet using materials.Initially, they
attemptedto Il clown balloonswith water, but that provedchal-
lenging.They creativelydevisedalternativesto replicatethe weight
and ow of water,suchas lling corrugatedtubeswith marblesand
beansandattachingthemto P4'sarm (Fig.6.c).As PAmoved,she
found this setupbroughtmoreawarenesso her balancegspecially
when shelistenedto the soundsproducedby the marbles Desiring
to experimentfurther with the weight and soundof real water,
participantsa xed a half-full water bottle to her chest(Fig.6.d).
After movingwith this addition, P4appreciatedhe genuinewater
experiencebut preferredthe corrugatedtubes' exibility, girth and
length which madethe soundandweight reactmore accuratelyto
her movementsasthe marblestook longerto reachthe extremes
of the tube,when shedid amplemovementsshekept experiencing
feedbackhroughout. Participantstried attachinga cardboardube
lled with marblesto P4'sleg,but its rigidity impededher move-
ments,sothey abandonedhe idea.Other participantsalsotried
out P4'sideaon themselvegFig.6.e).This collectiveexploration
contributedto sedimentthe concept,ncorporatingadditionalin-
sights.Forinstance P2observedanimprovementin his senseof
balancewith it, aswell asan increasedproprioception.Further,
P5suggestedhat insteadof the marblesabruptly stoppingwhen
reachingthe tube'send, extendingthe soundlongerwould help
her keepfeelingbalance.

During theseexplorations,eachparticipantre ned andproto-
typed their ideascollaborativelyin low- mock-ups.They also
documentedhem through video prototypes.This resultedin 9
distinctideas(Figure7).Mostideasfocusedon negativesensations,
wanting to reduce transform or bring awarenesgo them. Two
focusedon balancegitherto bring awarenesgo it or intensify it.
Mostideasinvolved wearableswith somealsofeaturinginterac-
tive installations.We brie y describesachideato give a senseof
the sketcheddesignconceptsDetailsof eachcanbefoundin the
Supplementary.

a) Soothing Dress. (P9)Shape-changinglothing that leverages
di erent touch interactionsto intensify negativesensationge.g.
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anxiety) andlater transformstheminto a sensatiorof calmnesspr
beingrelievedandrelaxed.

b) Tension-Less. (P5)A wearablethat detectsmuscletension,
makingapersonfeelrigid, frustratedandincapableduring dancing.
It usesheat,a low soundof running water and gentle pressure
(building on sensorypotentials,4.2.2)o reducetensionandtrans-
form it to a sensatiorof uidity, leavingthe personliberatedand
moremobile.

c) Apnea. (P7).A wearablebringing awarenesgo breathing
apneaswhen dancingby providing resistanceo movementsjn
feedbacKoops.Throughthis, the personbecomesnore awareof
their body movementsandapneastransformingrigid movements
into uid ones,increasingproprioception.

d) Massaging Pants. (P3).Interactivepantswith in atable tech-
nology to transformthrough pressurefeelingsof heavinessand
tirednessto feelingsof calmandrest.

e) Power Suit. (P10)A bodysuit that fosters,or intensi es, feel-
ings of musclepower,intensity andresistancehrough adjustable
resistancesnakingit di cult to move.lt transformsthosefeelings
into lightnessonceremoved.

f) Spatial Center of Gravity. (P1).An interactiveinstallation
that bringsawareness$o how a dancersbody'scenterof gravity
relatesto the spacevia elastictextilesthat generatetensionasthe
dancermoves.

g) The Weight of Tiredness. (P2).A wearable(exempli ed
through a glove)with interactive weightsthat becomesheavier
asyou becometired. It helpsthe wearerbecomeawareon their
own tirednessandenergylevels- through afelt sensatiorof how
evenmundanetasks(e.g.grabbinga cup) transformto e ortful
movementsvhentired.

h) Balance Soundscape(P6) A 3D soundinstallationto engage
in explorationsof balancelt intensi es and brings awarenesgo
balancethrough movementsoni cation: the soundscapeeactsto
subtlechangesn body balancetriggering a soundin the spatial
direction towardswhich the body moved.

i) Felt Water (P4).A wearablethat increasesensationf bal-
anceand proprioceptionthrough feelingandhearingwater moving
on the body,the water reactingto the person'smoves.
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Figure 7:ldeasfor future sensory technology: a) Soothing Dress;b) Tension-Less; c) Apnea; d) Massaging Pants; e) Power Suit;
f) Spatial Center of Gravity; g) The Weight of Tiredness; h) Balance Soundscape;i) Felt Water. Details in the Supplementary

Material.

5 DISCUSSION

We discussvariousdesigntakeawaysand strategieso work with
body sensationsWe alsore ect on the limitations, novelty and
contribution of our work.

5.1 Design Takeaways

Working with body sensationsaisdesignmaterialwasvaluableto
explorethe designspaceof sensatioralterationsfosteredby sen-
sory stimuli - in multiple ways.First, it encouragegarticipants
to inquire into very intimate aspectsof their daily somatic
experiences, which manyfound meaningful,valuableandenrich-
ing, asexpressedby P6:[it] isimportantto devoteime to exploring
my bodyandsensationsA heightenedsensitivity to their somatic
experiencegosteredself-compassion in someparticipants,asex-
empli ed by P3'squote:asl becamenoreconsciouabout[my body
experience],allowedmyselfto bemorerespectfundcompassionate
towardsmyself

Secondlythrough exploring various movementand sensory
stimuli potentials participantsrealizedthat they couldshape body
sensations through design. P2articulated:[the study]taughtme
to knowhowto identify what | wantto dowith a sensatiorand nd
waysto changdt. Theimportanceofthisis that befordthe study],
| did notevenconsidethis asan option In the nal questionnaire,
participantssharedhow thesemovementand sensoryexplorations
a ected them. Severahighlighted how the explorationsallowed
themto probe their body perception in holistic ways, e.g.:|
wasableto investigatehe existingrelationshipbetweeran emotion,
a sensatiomndthe movement am performing(P10) A few were
surprisedwith the sensory objects' capacity to shape their
body perception, asP3noted: It wasimpactfulto seethat through
engagingvith everyday-lifeobjects couldexperiencaewsensations,
oraltertheoned alreadyfelt. Somere ected that theseexplorations
openedny sensorycapacityand creativity, especiallyin termsof
seeingbjectdeyonditilitarian terms(P4).

Finally, regardingsketchingconceptdor future technology,our
approacha orded participantsvery intimate and individualized
design concepts that were highly meaningfulfor eachoneof them
- rather than super cial, shallowor pre-de ned experiencesEx-
ploring the interplays betweenbody sensationsmovement,and
sensorystimuli asdesignmaterial provedto behighly generative
and conducive to design, helping shapeinitial appreciationsnto
concretedesignconceptsNoneof the participantshadprior design
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experiencebut the focuson their own body sensationsallowed
themto designfrom anintimate placethat valuedtheir lived expe-
rienceandknowledge Many found this to beempowering , and
enabledhemto think of themselvesascapableof meaningfulde-
sign. Othersmentionedthat designingwith their own sensations
instilled con dencein their creativeabilities,inspiring someto be
morecreativein [my ownwork], asl feelcon dentandinspired(P5).

Forusresearchershody sensationgprovedto bea valuablesen-
sitizing andgenerativematerialthat yieldedmanyrelevantinsights
andideasfor future designsThey alsohelpedcreate frames to
inquiry deeplyinto other people'sbody experiencesto jointly
explorethemin design.

The movementand sensorypotentials(Sectionst.2.14.2.2)con-
stitute concretedesigntakeawaysWhile someneedfurther re-
searchfor con rmation, othersalign with prior work, e.g.the po-
tential of usingdi erent haptic stimuli to bring awarenesso the
bodyhasalsobeenextensivelystudiedin othersomadesignprojects
(through e.g.heat,vibration, or pressurg 36 38 49 113122 123).
Our empiricssubstantiatethis and extendit with their potentialto
alsoreducesensationsThe soundpotentialthat low pitch ampli es
negativesensationss foundin prior work (e.g.footsteps'sounds
that havebeenmodi ed to soundat a lower frequencymakepeo-
ple feelheavier[95). Slowingdown movementdo heightenbody
awarenesfiasalsobeenusede ectively, asseenin installations
[2d). The useof cold and heatto intensify or reducesensationas
alsobeenfoundin prior works [49].

5.1.1 Strategieso Designwith Body SensationsWe discusskey
methodologicaktrategieghat werevaluableto us.We alsoconnect
themto prior work to provide additionalreferencego the reader
to conductsimilar methodologicabpproaches.
Accessing,Articulating and Documenting Body Sensations.
As body sensationsareinherently elusive[42, beingconsciousof
themcanbedi cult [34 42 83. Forus,involving dancersasexpert
participantsmeantcollaboratingwith individualsalreadyattunedto
self-awarenesgyodyre ection, andexpressiorthrough movement.
Dancersverevery capableof bothinteriorizing ourinstructionsand
turning their attentionto their sensationsYet,methodologicallyijt
remainedcrucialto facilitate their awarenesfor the contextof the
study.Weaccomplishedhis by incorporatinganextensiveensitizing
phasewhich participantsdeemeduseful to becomeaware and
deepertheir understandingof body sensationse.g.;[the exercises]
mademequestiorthe di erencesamongnuance®f thesesensations
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(P1)and[it mademe]feelmoreconnectedith my bodysensationg,
knowthembettemow (P5) It alsoenabledhemto traceconnections
amongsensationgandotheraspect®.g.Jtheexercises]llowedmeto
deepemy experiencef therelationshipthat existsbetweeremotion,
sensatiolr movemen{P1) Otherdesignersandresearchersanget
inspiration from our methodsand previousmethodsin the wider
HCI literature on articulating body experiencese.g.Focusing 65,
Feldenkraid 30, slow walking [10§, embodiedsketching[59 or
other somadesignmethods(seee.g.[30,32,107,113,122)).

To assistdancerdn articulating their body experienceve used
guestionnairesbody maps,informal interviews and somaticenact-
mentsduring our explorations Theyprovidednuanceddescriptions
of their experiencesvith movementsensationandsensorystimuli.
By prompting them to articulate their experiencewerbally and
textually in addition to their somaticexpressionywe madethem
conduciveto design.lt helpeddancersclarify and sharetheir ex-
periencewith otherswho might not understandcertain somatic
expressionsln additionto ours,other methodsthat we havenot
applied,e.g.micro-phenomenology 77, canalsoaidin theseartic-
ulations.Lastly,tools like questionnairesandbody mapshelpedus
documensensationwith nuancefor futurere ection,analysisand
sharing which is challengingdueto their elusivenature[111. Our
work andrelatedworks, suchasalternativebodymaps[2, 11Q or
responsecards[79] (overviewin [111]) providevaluabletools.

Sharing and Empathizing with Body SensationsWorking
with intimate body experienceposeschallengesn achievinga
sharedunderstandingamongpeople.lt is di cult to fully grasp
someoneelse'ssensationsand collectivelyengagewith themin
design.While recognizingthat fully experiencinganotherperson's
sensationss impossible we encouragedgarticipantsto verbally
andsomaticallyconveytheir sensationgo others.We encouraged
othersto integratethis information into their own experienceto
sensitivelyrelateto the sharedbody sensatiorfrom a 1stperson
perspectivecreatinga ground for mutual understandingTo some,
it triggeredmemoriesof pastsensationse.g.l becamawareof some
sensationthat, withoutbeingmineat that moment} hadexperienced
at somepointin my life (P3).Our considerationsalongwith other
works (e.g[24 57,59 63 113), provideinspirationfor how to share
andempathizewith others'somaticexperiences.

Thebodysensationgarticipantssharedin HE1(Sec4.1.1)were
very sensitiveandintimate, makingit crucialto createa comfortable
spacdor themto sharetheir experienceWe addressethis through
a combinationof homeexercisesandin-personworkshops.Home
exercisegllowedparticipantsto exploretheir sensationsntimately
and choosewhich onesthey wantedto sharein workshops.In
workshops,we facilitated social connectionsthrough warm-up
activities[6( andcreatedsmallgroupsto work in moreintimate
spacesWe explicitly o ered participantsthe option not to share
their sensationsand conductedthorough debrie ngs after each
exerciseo re ect on the workshop'simpact. Theseconsiderations,
informedby previouswork [24, 71], canassistothersin addressing
vulnerabilitiesin designprocesses.

5.2 Limitations and Future Work

Our study haslimitations. Activities were conductedat di erent
times, but body sensationsare context-dependenaind variable.
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Participantsmay havesharedsensationsn HE1that werenot expe-
riencing,or experiencedli erently, in WS1.Futureresearchshould
addresghe transientnature of body sensationsQur explorations
mostly took placein anacademicsetting.Futureresearchshould
delvedeepeiinto individual, contextual,and socioculturalfactors.

Further,we incurred somesimpli cations to give participants
actionablestructuresfor their inquiry. While we encouragedhem
to focuson both positive and negativesensationssomeexperi-
encesmay not have t thesecategoriesandthus went unreported.
Additionally, we providedactionverbs(i.e.intensify, reduce bring
awarenesstransform)to prompt participantsto considerpotential
things to explorein regardto their body sensationsDespitethe
opportunity to selecttheir own verbs,participantsfocusedon the
onesprovided.This could stemfrom dancersbeingmore accus-
tomedto accessingaind demonstratingtheir body sensationgas
they generouslydid throughoutthe study)than doingsomething
with themthrough design.This is capturedby P2'searlier quote
(Sec5.1)which highlights that beforethe study hedid not consider
the possibility of changinghis sensationsO ering actionverbsmay
havelimited the explorationspaceput they provideda generative
constraintfor participantsto engagewith the designprocess.

Working with dancerswvasvaluablein manyways,asthey were
highly capableof both introspectingandvividly communicating
their body experiencesYet,working with populationslessinclined
towardsintrospectionandexpressiverticulation may presentchal-
lenges- for which our strategiegSec5.1.1)may help.

Our approachfocusedon surfacinga breadthof experienced
sensationsandshowhow they canbeworkedin designasaway
to explorethe spacebody perceptionalterationsthrough sensory
feedbackWe seetwo natural next steps First, similar to previous
somadesignprocessesye aim to narrow future explorationson
particular sensationge.g.balancen [50 107) andtheir interaction
with identi ed sensorypotentials.This canleadto deeperinvesti-
gationsinto particular sensation@ndnew designconceptsSecond,
we planto implementsomeof the generateddeas(Sec4.3)into
prototypesfor further explorationand evaluation.Forinstancewe
havebegundevelopingthe "Felt Water" ! conceptinto an inter-
activeprototype (seeSupplementaryMaterial). We are currently
exploringits potentialto alter body perceptionwith the dancers.

Finally, our work requiresvalidation through further studies.
Firstly, The movementand sensorypotentials,althoughsomeval-
idate prior works' insights, needto be exploredfurther. Hence,
they shouldbetakenhereasproviding aninitial designspacethat
opensfor future explorations.Secondlypur work showsthat the
approachitself yields sensationsalterations.However,the impact
of thesealterationson interrelatedaspectof body perception(see
Sec4.1l.1)xanonly be evaluatedthrough future comprehensive
technologyevaluations.The generateddesignconceptsneedto
beimplementedand evaluatedo validatethe potential of the ap-
proachin yielding interactivetechnologyhat canfostermeaningful
body perceptionalterations.Thirdly, future studiesapplyingour

1Amongthe nine ideaswe havechosento implement rst "FeltWater" dueto two
reasons) it obtaineda more positive responseduring the presentationof video
prototypes,andmostparticipantsexpressekeeninterestin trying it out themselves.
2) Thisideaencompassedlementsrom other ideas, from HE2(beyondP4's)which
couldmakeit interestingfor others'experienceg.g.:sonifying movementswith water
soundsto emphasizea sensationof owing movementqP5),usingsoni cation for
balance(P6),anda desireto increaseproprioception(P7).
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approachmethodsor strategiesare requiredto further validate
aspectof our methodologicabpproachin other contexts.How-
ever,it isimportant to noticethat our aim hereis not to providea
prescriptivesetof methodsor fully replicablemethodologicakteps
- somethingthat is out of scopein somadesignprocessethat value
the subjectiveand contextualnature of design[30. Rather,our
methodologicalkontributions should be taken asinspiration for

othersto use,adaptandappropriatein their own designprocesses.

5.3 Contributions

We contribute methodologicaldesignknowledgeto explorethe
designspaceof body perceptionalterationsfosteredby sensory
feedbackOur proposedapproachcenterson body sensationsas
designmaterial,and in a deepsomaticengagementvith sensa-
tions, sensorystimuli and movement.Our approachdrawsfrom
andresonatesith agrowing body of somadesignapproachesn
HCI (e.g.[22 31, 33 36 49 64 65 107 108 113) that centerthe
somaticengagementvith the designmaterialsto designmean-
ingful andengaginginteractiveexperiencesWe contributeto this
body of work in two ways: rst, with acollectionof methods(Sec-
tion 3) andstrategieg(Section5.1.1hat canprovideinspiration
to engagewith bodysensationsn design.Secondlypy centering
the designinquiry on body perceptionalterationswe help expand
a commonfocusin somadesignon deepeningbody awareness
andself-discovery(e.g.[33 36 90 92 107) towardsalsofostering
perceptuakransformations.

Our work canberelevantfor multiple HClI communitiesinter-
estedin in exploring and designingnovel and meaningfulbody
perceptionalterationsfacilitated by sensorytechnologiespr in
working with bodysensationsisdesignmaterial. Forexamplemul-
tisensoryHCI (e.g.[11, 62 10Q 12Q), somadesign(e.g.[30, 33),
human-computeiintegration [58 89, embodiednteraction (e.g.
[59 93 121), andparticularapplicationdomainge.g sports, games,
rehabilitation[49, 56 57, 85 117). Researcherwithin thosecom-
munitiescan nd inspirationin our methods(Sec3),sensorypoten-
tials (Sec4.2) strategieqSec5.1.1)andoverallapproachOur work
can particular value for thoselessexperiencedn working with
bodysensationganalso nd theoretical(Sec2.1)andempirical
(Sec4.1.1groundingon interrelatedfacetsof body perception.

Finally,we alsoaddfurther empiricalevidenceo prior HCl work
on dancersasavaluableexpertpopulationto work in body-centric
designprocesse§5], 78 114; andcontributemethodologicallyand
empirically to recentcallsfor works that illustrate how to co-shape
the materiality of objectsandbodiesin design[66].

6 CONCLUSION

Sensorytechnologieshavethe capacityto profoundlyin uence our
body perception.As thesetechnologiedbecomemnore availableand
ubiquitous,and maybeeventuallyful Il their promiseto signi -
cantly impacthealthandwell-being[47, 61, 62, 85 96, creativity
[21,114 119 andeveneverydaylife [11], it will becomencreas-
ingly important to designinteractive experienceshat are mean-
ingful, impactful and ethicalfor individuals[114 118. Forthat, we
believethat is not enoughwith the hypothesis-driverapproaches
through which mostbody perceptionalterationtechnologiesare
beingdesignedn communitiessuchase.g.multisensoryHCI (e.g.
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[95. We needapproacheshat centerthe felt, somaticexperienceof
peopleto designinteractiveexperienceshatimprovetheir intimate
ways of perceivingtheir own body. Drawing from somadesign,
in this paperwe contribute a methodologicalapproachfocused
on bodysensationasaway to exploreanddesigninterestingin-
terplaysbetweensensorystimuli andbody perceptionalterations.
Engagingn the designprocessaindapproachin itself wasimpactful
andmeaningfulfor the participants.While future empiricalwork is
neededthis insight highlights that engagingin the methodological
proces itself might bea powerful way for peopleto alter their
relationshipwith their own body.We hopeour work o ers design
inspiration for othersto engagemeaningfullywith this area.
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