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ABSTRACT

Affective computing systems face challenges inti@ggobjective

measures with subjective human experiences. Mysterms have
either focused on objective measures as a sulestdusubjective
experience (e.g. skin conductance as a direct septation of
arousal) or have abandoned objective measurests fourely on
subjective experience. In this paper, we explone twnegotiate
the relationship between objective signals and jestive

experiences by highlighting the role of human iptetation. Our
approach is informed by a reflective analysis drawon the arts
and the humanities and by a participatory studyméxiag the

emergence of emotional meaning. We demonstratpdtential of

our approach for interactive affective systems tlgfoa series of
conceptual designs that embody these understandings
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1. INTRODUCTION

A central issue faced by affective computing systésmnhow to
balance the personal, subjective nature of expeggtrhuman
emotions with the external, objective representtiof emotions
which computers require to function. Typically, feative
computing researchers handle this issue by devedoglgorithms
that map internally experienced emotional statesoljective,
observable signals, such as heart rate, skin coindyc pupil
dilation, and video and audio input. As a consegageinternal,
subjective emotional states can be inferred fronjeasively
tracked signals. Examples of systems embodyirgyapproach
include tele-home health care applicati¢h3], instant messaging
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systems[6] and game playind19]. Systems based on such
mappings may adapt to user emotion to reduce ttamoeh of
accidents[22] and even improve team performance in a joint
human-robot tasg26].

In mapping emotion to a set of objectively measleradignals,
affect is treated in these systems as another ¢dridformation
[2]. In this model, which we will refer to as theformation
transmission modglemotion is thought of as recordable via
readily available signals, transmissable over pbgsinoisy
channels, and uniquely recoverable from the redeisgnal
(whether by a computer or by a human). The undeglyne to
one mapping from emotion to signals makes possibie
unambiguous identification of the original emotidm this model,
the subjective nature of emotions is replaced byeative,
guantifiable measures such as physiological sigifiat® images,
and so on.

These mappings are simplifications of human affgbich for

some purposes, under certain conditions, in cersiimations
certainly prove useful. But as with any computagiomodel, the
mappings highlight certain features that appedretgeneral, and
discard less frequent and more difficult to formmalifeatures.
While such mappings make it possible for reseasch@rmodel
and manipulate emotional representations as a famn
computational code, they raise problems if ourrggelies in the
subjectivity, complexity and idiosyncrasies of esipeced human
emations. One solution to this problem would beetwich these
representations; but it is equally possible thatuhderlying issue
is not simply a need for specific richer encodingsaffect, but

more fundamentally, an inappropriate conceptionvbét can be
captured in any formal model of affgeq.

Warnings regarding the limitations of such modetséeh been
raised since the early days of affective compuitmgCl. Indeed,
Picard notes that the problem of identifying emotifrom
observable signals is one of the most difficulteérse-problems
out there (p. 39), as emotion is experienced throsigpjective
feelings which she views as an “enigma” beyond rib&ch of
science (p. 224|R4]. Furthermore, Cohn argues that “[e]fforts at
emotion recognition... are inherently flawed unlessieo
recognizes that emotion — intentions, action tenige appraisals
and other cognitions, physiological and neuromwscohanges,
and feelings — is not an observable. Emotion c¢dy loe inferred
from context, self-report, physiological indicatoasd expressive
behavior” (p. 233]3].

In reaction to the limitations of substituting oftjee measures for
subjective experiences of emotions, some reseacheave
responded by eliminating direct representation ofiotons



altogether. Systems like eMdidl], Affector[29], and MoodJam
[21] explicitly avoid modeling emotions, communicat emotion
instead through ambiguous and evocative aesthdgidged from
captured images of users and/or from user-selguéedmeters,
rather than from computationally derived models enfiotion.
While these systems present an intriguing optiaapelieve there
is another possibility in handling the disjunctidmetween
subjective emotional states and accompanying abgesignals in
the design of interactive systems: i.e. to takentiapping between
objective signals and subjective states not asspament and
automatically calculated but as itself a complesafof human
interpretation. Perhaps closest to our approachwask by
Lindstrém et al. on the Affective Diary, a projebat presents the
users with an ambiguous representation of their avavement
and arousal data. Seven characters with differedy tpostures
are used to express different levels of movemeit amusal,
while the character's color is chosen together wil body
posture to reflect the level of arousal. The shapgsther with
photos and text uploaded by the user are intendetinvite
reflection and to allow the user to piece togetheir own story”
(p. 1037)[15].

In this paper, we present a design study whichcggplthe rich
relationship between objective signals and subjeatixperiences
and suggests how to incorporate this understanditg new

affective computing applications. Our research satm better
understand the process of emotional meaning makimg to

inform and explore the design space of affectivenmating

beyond affect mapping. We provide insights into plossibilities

for affective technology by understanding how hushaegotiate
meaning given their own objective physiologicalnsits and their
subjective emotions. We show that even when relgimghe same
input channels as in the information transmissiatdeh of affect,

it is not these objective signals that narrow dawe space of
interpretation and determine a singular meanind, rather the
place where emotion is “recovered”, whether infbeson’s mind
or in a machine. To this end, we rely exclusivety abjective,

measurable data (i.e., location and physiologi@as), which

through the lens of the information transmission deio of

affective computing would result in only one unagumus

reading of affect, to explore a broad space of @mnat

interpretation. Moreover, we demonstrate a new @gyr that
capitalizes on the potential of objective signats uncover
interesting emotional events, while at the samee tpreserving
the richness and complexity of emotion.

In the research presented here, we explore newaatien
possibilities for affective systems by way of resbathrough
design. We begin by drawing on work in the arts ahd
humanities to better understand the nature of ithéations of
emotion mapping and to identify alternatives thatuld benefit
from the subjective nature of emotions and woudilifate a more
natural approach to the interpretation of affectsignals. We
continue with a participatory study, in which weoguce
emotional artifacts that embody our approach, ideorto probe
the potential of these alternative strategies antdsely examine
the emergence of emotional meaning from theseaatsif Finally,
we explore the design space afforded by this neprageh and
the insights derived from our study using specuéatiesign.

2. MAPPING SUBJECTIVE EXPERIENCE
Affective computing research in HCI typically draws sciences
of affect, such as cognitive psychology, which f®cwn
objectively measurable attributes of emotion. daking for ways
to think about how objective measures may relatbecssubjective
dimensions of emotion, we began by looking to this and
humanities, which have a greater focus on the stibygenature of
experience. Indeed, recent years have seen amosktrary
explosion of interest in affect in the arts and huities (e.g.
[14][16][17][20][30]). We therefore began with a humanistic,
reflective analysis of an artwork drawing on affeetcomputing,
using it to explore the conundrums around the icelahip
between objective and subjective data and suggestin
opportunities for new approaches.

Our project took the Bio Mapping project of theistractivist

Christian Nold as a starting poift3]. Nold gathers information
from residents in the form of physiological readingResidents
are instructed to wander through the city, whileeith
physiological data is recorded through the use al¥anic skin

response (GSR) readers coupled with GPS locatingpeeent.

Nold then uploads the results to Google Earth, whbe route
taken by the participants appears mapped onto @al &gew of

the location. To visualize the layer of physioleajidata, peaks
and valleys of physiological arousal are mappecath point
along the route. The volunteer can tag her routk amnotations,
share it with others, and archive it for latereeflon.

In a side project called “emotion mapping”, Noldshbegun
publishing collective emotion maps of these cifieg. London,
San Francisco), showing a gradient of physiologaralusal that
corresponds to particular locations. Through thgreggtion of
personal, subjective, responses to places, tremnds patterns
among collectives begin to emerge. To this endstages that
these maps, “are packed full of personal obsematihich show
the areas that people feel strongly about and widyalize the
social space of a community” [17].

From the point of view of affective systems, based Nold’'s

work we see two directions for critical design sgation. One is
focused on the individual, where the mapped infdionais used
as a mnemonic trigger for more subjective, indiaidevents. The
other is concerned with more generalized, collectadings of
mapped spaces, registering consistency of moress &rousal
within these spaces, and therefore informing tkesver of issues
like security, serenity, potential interest, or iexment. Each of
these approaches must take a stance on the relaifiobetween
objective and subjective representations.

Drawing from documented research in affective cotimgy

Nold's work generally assumes a clear, one-to-aelationship

between GSR readings and psychological arousalthétsame
time, in the case of the maps, the personal meafitizat arousal
is left open to the interpretation of the voluntegho can add his
or her own thoughts and reflections to the map.is Bpenness
alters in the emotion mapping project, in which soeal,

subjective interpretations of the meaning of place combined
into communally-shared, collective interpretationas executed
in this project, GSR readings are no longer sulieéndividual

interpretation but are aggregated as direct, tané€, unmediated
representations of emotional experience.



The fact that the communal maps appear to fall th® same
mode of transparent representation as one-to-omppinta work
in affective computing is no coincidence. In ciegtcommunal
maps, as in creating affective mappings, we arkisgavays to
generalize subjective, personal, and idiosynceatferiences into
representations that can hold for many people. re Hhen, we
analyze the interrelationship of objectivity andjgativity in the
Bio Mapping project through the lens of related kvan the
problem of mapping the meaning of spaces in artaaolitecture.
We use this analysis to suggest opportunities fandling
objective and subjective representations in affectomputing,
which we will then explore in design in the remandf the

paper.

2.1 Employing the Subjective:

Psychogeographies

The problem of designing a system of mapping tbasiders the
subjective meaning of place as interpreted by aividual was
first addressed in the 1950’s, when the Situattolmternational
(SI) coined the term “psychogeography” (“the stadlyhe precise
laws and specific effects of the geographical emvinent,
consciously organized or not, on the emotions asldabior of
individuals” [4]) to describe SI's ongoing critique of a single,
definitive and institutionalized method of mappitig city. The
Situationists deployed a strategy of mapping te#éed upon the
dérive entirely unorganized and spontaneous wanderimgsigh
the city, propelled by subjective perception indteaf
institutionalized, normalized modes of behavior araligation.
This artistic, heavily politicized work of the S#tionists was
soon followed by academic, research-based work Hyaru
planner Kevin Lynch that attempted to transpareathgregate
these personal psychogeographic interpretationsnedining to
discover more collective, universal interpretatioHss work was
driven by an underlying assumption that a trueyvensially-held
interpretation of a place existed, and the uncogerdf this
interpretation could serve as a definitive guide fidure design
work. Through a process of rigorous interviewing dan
classification of physical spaces, Lynch exploree possibilities
of unpacking resident’s mental maps, or “imagestha city, in
order to inform the design of future urban spaded tlready
communicated predetermined meaning. His particippaol,
however, was restricted to specific class, edunatimd area of
residence thus excluding minority interpretationsnd a
compromising the validity of the collective mearsngxtracted.
Although very different in their approaches, theu8iionist
dérive, and the investigation of “imageability” leawbecome
canonical historical examples of two
psychogeographic mapping.

In attempting to map multiple psychogeographiese thio
Mapping project seeks to enable both the persanafgretation
of the meaning of place sought after by the Situsits, and
aggregated, more objective interpretation of megasiought after
in Lynch’s work. This problem is similar to the orfi@ced by
affective computing technologies: given the veryrspeal,
idiosyncratic ways of experiencing emotion, how we chose
which aspects of these, sometimes very differerpegences
represent a certain emotional state?
psychogeographic approach to exploring the city alwiving for
individual meaning making, our project situates ter in a
similar position. This is achieved by explicitly vigig the

approaches to

Inspired by th

participant in our study access to the recordirfgsen objective
signals, thus allowing her to take control of themogional
interpretation (similar to the ‘dynamic feedbackpaoach in[2],
where any information collected about user and esyst
performance is provided for the users’ reflectiamalysis and
use). This approach is central both to our pamicipy study and
the speculative designs to be presented in theimeeraof the

paper.
2.2 Challenging a Fixed Meaning

From our point of view, the Bio Mapping project, ileh
inspirational, has several limitations. On one dhathe maps’
static nature renders them almost instantly meéessgas a long-
term representation of a space. They are archiviednation of
the arousal patterns of a specific group of indigid at a specific
point in time. They therefore sideline the fact tththe
interpretation of these places is constantly updesind changing
as different individuals move through them, andtes physical
fabric itself evolves. The idea of the city as Imavia dynamic
biological lifecycle was popularized in architectutheory by
Lars Lerup [12]. Lerup describes all places as “stimdross”,
simultaneously holding the potential for stimulati@r high-
arousal activation, and for dross, or low-arousehdiivation:
“Like the surface of a lake during a rainstorm patkby
thousands of concentric ripples, the Metropolisasnbarded by
a million Stims that flicker on and off during tle&y's rhythmic
cycles” [12]. Over time, any given place peaks in evenivagt
temporarily becoming stim, and subsequently rehgnod dross at
the end of its event lifecycle. Lerup’s theory egpes the maps as
merely static snapshots of a constantly updatinghdsbss
lifecycle, and therefore only a temporary glimpseha evolving
interpretation of meaning of a place.

Another limitation of the maps is found in the ceptualization
of the maps as enabling the visualization of theeia space of a
community”: the community is understood as a sirgibective,
much in the same conceptual framework that Lynchdus
develop his urban designs that attempted to conuatei
universal meaninfl8]. A community is taken as a given, and as
the guarantor of a single meaning. Instead, onepoavide space
for multiple, often conflicting interpretations afeaning of place
among multiple communities. Here, recognition radividual or
personal patterns of arousal can become a gateway t
community that shares the same patterns of aroarsdlinterprets
the meaning of these patterns in similar ways. ohceptual
framework that addresses this issue can be fourdeirwork of
feminist theorist Donna Haraway. In the 1980’s,sianilar
concern to address the institutionalized margiasitin of
minority interests within the science professiod ldaraway to
propose a definition of objectivity based upon $itaement that
“only partial perspectives promise objective visiorfl1l].
Haraway describes the construction of objectivityaademporary,
networked negotiation among multiple, situated sctjities. As
such, a single, or “correct” interpretation of theeaning of a
place is contested by conflicting meanings held rbyltiple
collectives that are situated in the same place.

In sum, aggregating different, often conflictingews into one
fixed meaning is problematic both due to tempoaiance and
the difficulty of choosing one, ‘correct’ meaningthout seriously
misrepresenting the reality. In our speculativeigteswe rely on



unconstrued (i.e. semantically ambiguous) visuttna of the

aggregate data, in order to invite the viewersterpret the data
themselves, thus allowing the emergence of multipkanings,

and at the same time to allow the viewers to qomstie authority
of the maps.

3. PARTICIPATORY STUDY

To further inform more specific designs that addrethe
limitations of current approaches explored in thevipus section,
at both the individual and the collective scales,amnducted field
research inspired by Nold’s maps. We used mapdasirto

Nold’s maps as emotional artifacts to examine howammng
arises and to probe the potential of technologias ¢ould benefit
from objective signals and human interpretationt @articipatory
design study consisted of the construction of asggical

maps, measurement of arousal patterns of a smalipgof

participants, and an interview process to bettaetesstand how
these maps are interpreted and what potential themald guide
more detailed design work.

Similar to Nold’s approach, we decided to focusasausal by
way of skin conductivity. This decision was drivep the broad
usage of GSR in the affective computing literatasea linear
measure of arousfil9]. Although this likely does not correspond
in a direct and transparent way to subjective @sgrerience, it
could suggest to users events that might be enallyoealient.
Because the correlation is linear, the represesigual might be
relatively easy for participants to interpret. Mesidies involving
GSR have been conducted in a lab setting, so ttemteto which
physical activity interferes with arousal is nookm. Arousal can
have positive or negative valence (i.e. pleasantrgleasant),
however valence is not detectable from physioldgensors
alone, so we did not incorporate this dimensioun maps. As
our work is not concerned with mapping physiologsignal to
emotional states, we were not discouraged by tiragations. To
the contrary, we saw them as opportunities to bettgage our
participants in the design process and to empolhemtto take
control in the meaning making process. To this efttg
participants were able to interpret the data asisaoor just
physical activity, and also to comment on the vederf the
mapped data, rather than being informed by theesysif their
experienced emotional state.

Figure 1. Aggregate mock arousal map given to paripants.

The participants, equipped with GSR sensors (Prpctrfinity
unit from Thought Technology Ltd.) and a handheatdhmercial
off-the-shelf GPS device recording their locatievere given a
mock collective arousal map of their city (Figurg dnd were
asked to go on a 30 minute walk. There were notw@ings as to
where to go, however we suggested that they coxpibee the
map, or perhaps visit places that are meaningfuhém. After
their return, the data was downloaded from the mwsnand an
arousal map was produced (Figure 2). Similar todiéamaps, the
data from the GSR sensors was represented in dhisa@rmaps as
a wall. The elevation of the wall at each pointresents the
sensor readings (in the range 0-3) at that particular location
multiplied by a constant factor in order to faeit# the
visualization.

The study continued with a semi structured, indigiddiscussion
with the participants that lasted approximately Miutes. The
questions ranged from describing where they wedtwimat they
did, to interpreting the maps and discussing hosy thould use
such information in their daily lives, as well amagining how
other people might use them. Inspired by the wdrRunne and
Raby [10], some of the questions were deliberaipn-ended as
they invited the participants to tell stories thaiuld provide a
more detailed picture of the way our approach dérjreting

physiological signals could be used and of the lafighersonal

values and social motivations that make it appgalin

Figure 2. Arousal map — each colored wall represestone
participant’s path.

3.1 Method

Our goal in this study was to explore affective enignces,

relying exclusively on objective representationgps) navigation
technology and physiological readings, to addresssqnal,

subjective, intimate experiences. At the forefrohbur approach
was a concern with balancing objective and subjecti



approaches. We found that this concern reflectad ithe
construction of our study itself. Traditional uBiyp-based
approaches that place the researcher as an objetiserver of
participants’ activity and aim for objective, gealkzed
knowledge contradicted our interest in exploring thterplay of
the subjective and objective.

We therefore structured our exploratory study a®pen-ended,
participatory event and included ourselves as falfticipants.
Our decision to reflect on our own experiences al &s that of
our participants drew inspiration from the notionf o
autobiographical design, or “[tjhe design of tedogy with
respect to details of its designers personal egpegs, as a
promising approach for bringing richer aspects>gfezience into
design” [27]. As opposed to approaches traditionally taken
HCI which aim for objective knowledge of personaperience,
autobiographical design deliberately brings out fmudises on the
subjective experience of the designer and the pitigsito draw
on it when designing for a more meaningful useregigmce. This
particular approach is quite relevant to our woekcduse it gave
us another avenue to understand what it means e imetween
subjective experiences and objective data

A second implication of our interest in exploringbgective
experience was in the choice of participants: weruieed the
other participants in our study from our own sodatle. The
recruitment of participants who share social linkas been
recently demonstrated in several studies involvaifigct (e.g.
[31], [10]) as providing a natural context for the ehtibn and
expression of personal emotions. The participant®ur study
were two of the authors and three of their frieftdg male and
three female, with ages in the 21-36 range). Ricgwolunteers
for the participatory study from our social circfgovided a
familiar setting for our discussions, a settingt tfeilitated an
uninhibited dialog around the feelings, emotiongl antimate
events that were associated with the maps by olunteers.
Furthermore, the existing social context made #iexafor us to
gauge the complexity and intensity of the expemsnthat
emerged, while at the same time informing and printhe
conversation in a way that would not have been iples# the
relationship between researchers and participarsid heen
decontextualized.

The goal of the participatory study was to refinar o
understanding of the way emotional meaning emefigea the

maps. In addition, the discussions with our pgytais brought
valuable insights on the values and social motiwvetithat make
the maps engaging. Of course, our use of oursedweb our

friends as participants as well as the small nunobgrarticipants
means that the results of our explorations canmotaken as
objective, generalized facts in the manner of adatory study.

They are, much more, the result of joint reflecticamong an
intimate group of co-equal participants sharing @mmon

experience.
experiences, detailed below, provided a useful fendurthering
our design thinking about how to approach affdégesigns which
developed out of this thinking will be detailedtire next section.

3.2 Themes

Since we were interested in studying the way mepaimerges in
this specific setting and to explore the potential systems that

The understandings we developed fram o

rely on user interpretation of objective, measwrasignals, we
decided to use the maps built for our volunteets@urselves as a
way to provoke discussions concerning the desigieesafforded
by the our approach. The questions and the dismssiith the
participants were directly informed by our (i.eethesigners’)
experiences with our own maps. Consequently, weinbbg
presenting a summary of these experiences.

3.2.1 Autobiographical

While wearing the GSR sensors and the GSP techyoleg
explored mostly very familiar areas: some were gdage pass by
daily, while others were special places (emotignalharged
places), for example “the house my partner livedféor years”.
The data for one of the autobiographical maps wateated
during the night, while the streets were emptyorider to afford a
peaceful, serene experience and to have the omtyrtto
contemplate why these places are meaningful. Amatrep was
generated with data recorded during the dayiost of my
thoughts centered around trying to identify certé@elings or
mood swings as | walked, and trying to remembecifipally
where | was when these feelings occurred so tleatuld check
them against the arousal map when | returned.”

Many of our expectations concerning our own expeegewith the
maps revolved around personal discoveiy:was thundering
outside, looking like it was going to rain at amgcend. | began
the trip initially with the thought that | would \aa loop through
campus, but as the weather began to worsen, | faugdelf
looking for buildings with awnings, and other opsvofs. |

remember wondering if my signals would graduallighten as |
stayed outside longer, walking faster all the while also

remember being very self-conscious of how | lookéth the

monitoring equipment underneath my coat, and wsixtending
down my hands. Every time | passed large groupseople, |
was very aware of their reactions to my appearanaad

wondered if this response would trigger a visiblamrge in my
arousal signals.”

We thought of our maps as being very personal atichate and

therefore we were interested in sharing them withloved ones;
representing some sort of proof of being in a @erpdace and
feeling certain ways; acting as a mnemonic trigget generating
interesting conversations about the reason betandtions in the
signal. One of us compared the maps with therapeutic

instrument: it could provoke ritual self-reflectimi the moments
in one’s day that seemed to be especially emotipstimulating,

[raising] questions about why certain places seert@egrovoke

strong arousal patterns: occupants? aesthetics? pageriences
or memories? This seems to be a power vehicleisoussion and
debate.”

3.2.2 General

The discussions with the other participants hiditkg several
themes around the potential use of our approaameSmincided
with the ones identified by us, while others ex&shdthe
discussions to exciting new areas. These themes nate
necessarily mutually exclusive: as the separasartificial, some
of the participants’ quotes support several themes.

As expected, one of the recurrent themes revolvedna the
“meaning” of the maps. When explicitly asked to adiéwe the



maps, all participants described them using neuvely literal,
machine-like, non-emotionally charged descriptides. “just a
plot”, “some body signals”). As soon as they stneferring to
the data that was mapped, the participants strddgléake a firm
position as to whether the mapped data meant angytbithem or
not. However, when asked to talk about what hacpéapd on
their walk or to explain some high or low arousalings, our
subjects used the maps as mnemonic aids to rectd explain
what might have happened or to reflect as to wiay farticular
point might be justified by several factors. Thédaing remarks
best express this transition from meaningless emgelves to
meaningful when considered in a specific context:

“It maps the physical state, not emotion... if it wasotion it
would probably be flat. The map has no significatcee. [...] |
don't think it really tells anything about me, | ame it does in a
way, but not really. [...] Like the peak when crogsthe bridge
made me think whether it is because I'm afraid eights, or
maybe just because | think it's pretty or | actyathought “I
wonder if someone sees me here and think that I'suieide
bomber and | want to jump off the bridge” and adiyal
chuckled a little bit.”

Another important aspect around the meaning ohibps is their
open-endedness. As it will become obvious from diféerent
interpretations that resulted from one map, or ewea point on
the map, and from the different usage scenariospaticipants
envisioned, the fact that these maps were notgreged for them
was generally seen as an advantage, as explictifulated by
one of the volunteers:

“The way we interact with the environment right nisvreally
mediated through language and images and stuff smdhaybe
we should provide other ways of visualizing [theiemment];
like the news are supposed to link you to the wdrld “hello!
they’re not!”, because they're already interpretéat you, so |
think people would be interested in [the maps] justause they
are sick of being told what to think.”

Privacy was another issue that repeatedly came nupur
discussions. The broad range of reactions wasrrathexpected,
especially in light of the almost general opinidratt the maps
were conveying little information in themselves.n&p of the
participants were reluctant to share the map exeétit close
friends and relatives, since they thought of itvasy personal,
others would agree to share the data if it was ymons, while
yet others would not mind having their data publaVailable.

The maps were also used to reflect on everydayites (and the
way these activities change in time) and discovengs that
otherwise would be overlooked. One participant eikthat there
would be a way to build such everyday maps ovenger period
of time:

“l think it's more interesting to do it when you'rdoing more
normal stuff, because then you might get to sees ghings that
you might not realize you react to. [...]l wish weiltbhave done
a map of me over the years that | spent here. Awduld be cool
if it could fade in time. [...] But | don'’t think thiwould interest
me for other people, because | think this is scqeal.”

Another participant chose to run errands during ékperiment,
and so she went back and forth to her office faues$, while her
position and physiological signals were being rdedr The map

consistently shows extremely low arousal around kb#éding
where her office is located. She notes:

“Well, that's unexpected! (laughs) This is pretiypfiy ... Can you
blame me?!? (examining the map) Damn that's prétity... |

probably looked inside and | was like “Oh dear!” [..[the

arousal level] drops to the ground — | was probalynking

“Urgh ... papers ... boring ... (laughs) (looking at timap) And
then as soon as | get away from the building,dtisk up!!”

When asked who would they share their maps with, riost
common answer was boyfriend/girlfriend/partner/sgand close
relatives, as the maps were seen as a way of enlgaimtimacy
by sharing something very personal, almost an imymi emotion
or proof of feeling a certain way in a certain ga@.g. “the
restaurant where we went on the first date”, “hosnk for four
years”, “the place we first met”) and by actingaasinterface with
the loved one, or as an opportunity to express praject
feelings:

“I would have [my boyfriend] try it out! | would gt be curious to
see if we would react in a similar fashion to plscalthough it's
so abstract, but still it's really cool. | wouldkié him to take a
walk with it and then give it to me! | think it wdube great for
him, it would be such a great tool. This would bgreat tool for

people that have a hard time verbalizing their ifegd, not that
I’'m saying my boyfriend has a hard time doing tflatighs) [...]

but yeah, it would be great as a reflection toolgeople. | would
be interested in seeing my mom’s. She is not a eemtional

person, but you know, she does have emotions,ush&gesn’t
talk about them and it would be cool to see hen %oow,

dealing with life... you know, maybe it would give mere

insight into her states.”

The ‘interface’ metaphor of the individual mapsoatharacterizes
the collective, or aggregate maps. When asked wbitgh she
would like to have mapped, one participant unhetita

answered[my hometown]. Man, | am so homesick, | could use

anything that would connect me to that place. [..HeTmap
would help me come up with stories, even thougi teren’t
true!”. The speculative collective arousal maps triggeredde
array of responses from our participants, fromviding home-
sickness, to exploring and navigating a new cityppening up
new interpretative spaces at the community levellhese
interpretative spaces often dealt with very comeitings that
are hard to describe due to the high number ofables that
characterizes them or because the communitiesréfeyto often
face sensitive issues (e.g. racial segregation,opbbia, high
crime areas, etc.). The collective arousal map®wseen by our
participants as a way of visualizing ‘the ineffdbland as an
opportunity to raise awareness, to start a dial@neeto think of
what it would take to address those issues (e.g. patticipant
suggested using maps that apparently reinforcectigres: Study
if some groups are overly emotional, for exampliaéf Hispanic
neighborhoods are more emotional than the
neighborhoody.

Asian



Figure 3. Public arousal communicators.

Finally, the maps inspired both us and our volurste® go
beyond “conventional’ uses of the displayed infdram and to
explore more unusual, playful, bizarre and everr paitential
uses of the maps. Some of these ideas deal withpintap
physiological signals for animals, to see how thdgrface with
the city, which parts of the city or events theyulbfind exciting;
the use of the maps as law enforcement mechanfesmsxample
by examining real-time maps of child molesters acbu
playgrounds or schools; exhibitionists manifestinipeir
exhibitionism in a non-exhibitionist kind of way; apping
different churches to advertise them as a fun, éaing places
(e.g. gospel), or as a serene, meditative spageReddhist).

Aesthetics seemed to play an important role, whiedlescribing
the individual or the aggregate maps, our partitipadentified
them as visually appealing and especially in theeaaf the real
time collective maps continuously inviting for inpeetation,
reflection and exploration.

Figure 4. Rituals of reflection: the affective disfay (in the
center of the table) provokes discussions and interetations.

Throughout the discussions it became obvious that rhaps
nicely enhance current practices, by supportingsaeiag,
reflection and decision making on an idiosyncrdégel. Our
participants’ recollection of the way they conductgular

activities showed that they resort to such infoiarags a way of
(often unconsciously) discriminating between selvaltgrnatives
that had been identified using goal-oriented, tatidn decision
making.

4. THE DESIGN SKETCHES

Based on our humanistic analysis, we became inéetemn

enabling individual, idiosyncratic interpretationf @bjective

signals, and in exploring the possibility of cragticommunities
around shared meanings. The following additionaéntbs
emerged from the participatory study: gradationprofacy in the
sharing of physiological signals, the central rak personal
reflection in interpreting the meaning of thesetgrais, and the
potential of aggregated patterns to map and eriat#epretation
of previously ineffable characteristics of a plas® its meaning
to various groups of individuals. The final staffeour study was
to think through how these themes could inform design of
affective computing systems. We did so throughddneelopment
of a series of speculative designs.

Speculative design is a method for research thralegign, and
has notably been used in HCI by Bill Gaver and HeaMartin
[8] and in RCA’s work on the Presence Projgdt Rather than
creating concrete, marketable products, speculatesgn maps
an area of the design space by advancing placaisdidecupying
points in the design spacg8], p. 216). These placeholders are
not necessarily practical products but insteadaEy new
possibilities and “a way of thinking through thesuss and
possibilities” of the proposed technologies, whileeing
“understood to be provisional[q], p. 604). In this section, we
demonstrate through a series of speculative designg the
themes and issues arising from previous stagearistady could
be embodied in the design of affective computirgjeys.

4.1 From Reflection to Provoking Dialogue

In the following we describe a series of protoctlat could be
designed into an affective system, that relies mdividual or

collective maps depicting arousal patterns to pkevasers to
speculate and reflect on their signals. As theisabpatterns of
the user are collected and mapped over time, thtersybegins to
identify exceptional moments of high or low arougaprovokes
the user to acknowledge and explain possible irgéapons of
meaning of these moments. Wearable arousal consatons can
indicate patterns of high and low arousal to ther asone, and/or
to the larger public (see Figure 3). These itenesexamples of
personal clothing and accessories that can be Wwgrosers to
openly and publicly communicate their patterns bygiological

arousal in real time. The items range from moré/ape,

concealed jewelry and clothing, to more public tigp of arousal
activity. The earrings, for example, would enadeusal signals
to be read by others, without the user’'s abilitymonitor or

screen the signals first. The notion of affecieselry is not new
(see e.g[24],[25]); here, we highlight not the ability of jewslto

enable transparent emotional communication but tke of
jewelry to provoke its wearers into active intetpt®n of its

apparently objective displays of emotion.



Figure 5. Arousal memento: sharing individual arousl signals.

Another set of opportunities arise from supportthg user in
opportunities to reflect upon moments of high aad larousal
either of their own accord, or due to the advicethaf system.
This can take place as part of a time-based ratig¢flection and
annotation, either alone or in a group. Techn@sgietworked to
the system can prompt this reflection by highliggtmoments of
exceptional arousal (see Figure 4). The intent®rthiat these
recording technologies would be used as part dfualrwhere
users would meet at a given time to reflect onrtheient arousal
signals. These annotation sessions could range éampletely
private, individual annotation rituals (e.g., evemight as the
person prepares for bed) to more public, group &tioms where
arousal signals are reflected upon in the presehothers (family
dinners or larger group gatherings).

Figure 7. Annotation Recording Technology: Public

Infrastructure Prototypes.

Once these arousal signals are interpreted andaedpthey can
be shared with other members of the social netwéwkthe most
private and personal level, the user can share thesisal maps
with close friends or relatives (see Figure 5). Sehenaps can
become mementos or gifts to be publicly displayéd this way,
the arousal signals are interpreted as proof dhiceemotional
responses. At a more public level, the user careshair arousal
patterns anonymously with the entire networked ioyubWhere
their identity is only described by abstract denapdiic
information like age, ethnicity, etc. This infortim can be
manipulated to reinforce or break stereotypes teddte the

identity of a place to certain arousal charactess{Figure 6).
Engaging with the networked public even further tiser can
share their annotated arousal patterns virtuallgmfr any

networked location. Redesign infrastructural eletsienlike

sidewalks and streetlights, locate areas of virtlialogue in the
physical public realm (Figure 7), by allowing thenatations
recorded in regard to these locations to be phigitgpresented.
The physical representation of this dialogue seagesignage for
public debate, potentially provoking passerby teestigate and
perhaps enter the dialogue. Similarly, physiolabiaps that are
placed in high-traffic public areas can provoke \eBation

between strangers sharing public transportation, tairrists

deciding how to navigate a new area (Figure 6 agdre 8).

Figure 6. Public advertisement.

As multiple users annotate the same place andzeetiiey share
similar interpretations of meaning, they have tippartunity to
create new socially networked groups. These grouight desire
to identify areas of arousal where the meaningtsrpreted in a
certain way, like adrenaline junkies identifyingesi for extreme
sports, or mothers identifying safe routes forttiegildren to walk
home from school. Alternatively, the groups migtgsire that
their interpretation of the arousal patterns opactfic place are
communicated to a broader audience, like presemiats who
desire to communicate a historically important niegnof a
place, or activists who desire to communicate @ipal message
or propaganda related to a place. As places aretaied by these
groups, and their interpretations of the meaninghef place is
made public, we hope that situated dialogue reltdembnflicting
interpretations of emotional meaning in a particydlace might
emerge. For example, concerned mothers may engage
conversation with drug dealers outside of the sthadrenaline
junkies may engage in conversation with local laMoecement
officials at a popular streetcar racing site, orstdrical
preservationists may engage in dialogue with retdte
developers.

As initial arousal signals and patterns are inttga by users,
their public annotations could enable the buildinof

constituencies who share similar interpretationthefmeaning of
a place. The success of this social networkintegyslepends on



Figure 8: Public maps

the virtual and physical transparency of the dia®gnaintained
by these constituencies. This ensures multipleflicting user
groups are situated in the same physical and Virsypace,
provoking the emergence of civic debate and netijmtiaand the
eruption of multiple situated, civic voices.

5. DISCUSSION

One goal of this research was to better understamd affective
meaning emerges in a setting characterized by sixely
objective input signals, and how the design ofaiffe computing

systems could support an engagement between subject

experiences and objective signals. In our padicify study, the
participants found the data depicted in the magmetemotionally
meaningless in itself, yet the maps were still seeambiguously
and provocatively conveying some emotional infoiorat
Furthermore, they triggered rich, emotional navesj which
convey affect to significant others and close fgnais “affective

body memorabilia[15], and to construct emotional readings of

partners and close family. The maps and the reattidhe maps
support the design of systems that view emotionsiasated,
socially and culturally constructed and point tos&rusing
technology to facilitate affective meaning makifg]. In this
section, we describe the lessons learned frondgsgn study for
affective computing more generally.

5.1 Situated Emotional Artifacts

Contrary to everyday maps, which are generally gitwas
abstract, universal representations that have tableshed way of
being read and hardly call for the viewer’'s imagjoa, the maps
were perceived as personal objects, capturing nierdst and
imagination of the viewer while at the same time¢irac as a
gateway into one’s emotional states. By incorporptone’s
physiological signals, the map becomes personal,cancretely
tied to a certain space and a certain time. lméfarizes[1] the

standard experience of using a map, and thereforites the
viewer to take charge of the meaning making procasssuch,
the possibility of generating an emotional artifggrsonalized to
the user and affording the user space for inteaficet, is central
to our approach. The maps represent a proof ofptitential

benefits embodied by such artifacts in the desifjmteractive
affective systems.

5.2 Using Proxies

When designing interactive systems in which th@oasibility of
interpretation moves from the system to the usdrpnysiological
measures are not readily available, our work suggeke
usefulness of proxies for these signals. Indeesdjrterviews and
the design sketches highlight this possibilityttas data itself was
only seen to marginally represent affect, altexgat{easier to
access and manipulate, less invasive) cues thaelatr with
arousal could be used, rather than wiring diretctlysers’ bodies.
From this point of view, the use of proxies is ¢mto the use of
‘shy sensing’ in the Home Health HoroscdPg a system which
uses changing patterns of usage of objects toifgesrhotional
issues that may be pertinent for reflection in tuene. The
system is designed so that exact correlation betseasors and
well being in the home is secondary, since the [gettyat inhabit
the house make sense of the provided horoscophsegpect to
their much richer background knowledge and theesfian make
up for lapses in system understanding. Howeverefahr
experimentation is needed, as the signals useddsbkotrelate at
least partially with emotional activity in order teeep users
interested and thus to facilitate interpretatioh,little or no
correlation exists, the person interacting with sigstem is likely
to lose interest and to disengage from the meamaking
process. Similarly, disengagement can occur ifrépgesentation
chosen to depict emotion does not sit comfortalith whe users
or is not flexible enough to allow the user to omsize it, as
reported in the Affective Diarfd5].

5.3 Representing ‘True’ Emotion

In our design sketches, the system does not knawettact

emotional state of the user; however, it can dithet user’s
attention towards unusual patters of the signhlss fllowing for

personal discovery and reflection. It does not felyits success
on the assumption that what it has found is in fagtue emotion,
as this aspect is for the user to decide. As saadh,approach
allows us to refocus our efforts away from decipigeremotion

and towards the interaction between the user aadethotional

artifact, as this interaction will lead to affeeivmeaning. We
consider the lack of a predetermined meaning afettegtifacts to
be an opportunity for the designed system to emtzodifferent

kind of interaction, one that positions the usemaasexpert who
makes sense of his or her emotional states withhéle of the

system, in contrast to a more rigid interactionnaen a passive
user and an expert system that transparently fienthe user’'s
emotion.

6. CONCLUSION

Our approach does not abandon the use of objectigasurable
signals when dealing with affect, nor does it edeluuser
interpretation from the process of meaning makimgtead, it
addresses the problem that measurable signalsftere rot, by
themselves, directly informative of affective stteand that
automatic, transparent interpretation often cancapture the
subjective, situated nature of human emotions. €hlution to
these problems rely on balancing the potentialbjédive signals
to draw attention to events that could be emotigrsignificant

with the human ability to make sense of this infation and
interpret it without losing track of the multitudg dimensions
that characterizes its context (cultural, socihigiological, etc.).



Our approach is not feasible, nor desirable in yeugpe of
affective system as, for example, there may be itogn
constraints on the user while her signals are besngrded (e.g.

while driving [22]). However, in scenarios in which the subjeetiv

aspects of emotion are central to the successeofyhtem, our
approach is most suitable, as, at least for nowreths no
computational model that can compete with a human
understanding and recognizing emotion.
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