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ABSTRACT difficult to comprehend [12]. Experience with teotogy
Traditional methods to access the emotional expeei®f a as characterized by McCarthy and Wright consistsa of
user such as subjective reports have certain disagges.  sensual, an emotional, a compositional and a spatio
Participants have to be asked for their feeelingsl a temporal thread [15]. Hence, accessing the emdtistate
emotions which interrupts the process of experieacé of users is crucial for developing satisfying melproducts
flow. Psychophysiological methods offer data thiwowgt that are rich in experience, although emotion iy one out
the process of emotional experience, which unfalds of more aspects.

possibilities for user experience (UX) evaluation. this

paper we provide a short overview of applied )

psychophysiological methods for human computer Méthods to Assess Emotions _ . . .
interaction (HCI) and the findings of our examipag for ~ 1raditional methods include questionnaires, intams,
mobile motion contexts. Our outcomes will be disags harrative techniques and contextual inquiry. In egah
considering the possibilities, challenges and felitsi of these methods are based on self-reporting and dregor
these methods in the area of interaction with systand ~ USers perception, such as sensual evaluation [T6
emotions. Based on our experience we think that added value of these methods is the possibilignoinsight
psychophysiological measurements provide important N0 the person’s feelings and preferences. Other
possibilities for applications in the field and chalp to ~ Possibilities are observational techniques and ovide
deepen and expand the insights gathered by traitio analysis, where the evaluation of the material\ery long

methods. and laborious process. Moreover, the intersubjigtand
validity of this approach is hard to guarantee.i@eghe
Keywords . ] described techniques, there are approaches to atgom
User Experience, Psychophysiology, Emotion, Human expression recognition of speech, faces or gestfifes
Computer Interaction, Evaluation, Movement; Combinations of these automatic expression reciognit

methods result in a broader spectrum of emotioat ¢an
be detected [5, 8]. The problem that remains umsbig
how these methods support accessing emotions iobéem
context.

INTRODUCTION
Over the past years there has been increasingester
emotional aspects of mobile applications. Pleaderab
mobile products have to offer more than functidgadind Psychophysiological Methods in HCI
usability, they address other aspects such as ediesth Psychophysiological recordings have been shown do b
beauty, or playability, which enrich our experiensith valuable approaches for measuring valence (a gutalit
interactive systems. In recent years the field @&l Hnd positive and negative emotions) and arousal througthe
industry acknowledged the design and architecture process of an experience. Asking a participant lisu
knowledge that stimulating experience of a proghlays an emotional state is crucial, but interrupting thewl of
essential role for mobile UX. However trying to “asare  interaction and experience, which is not necessérgn
the experience” is a nontrivial task by definitiand also ~ psychophysiological methods are employed. Additigna
regarding a practical approach. UX is embedded in apsychophysiological measurements can help uncayerin
situational, temporal, individual and product comtand social masking, which means people often say pesiti
things about a product because they hesitate teebative.
Furthermore, it's possible to analyse data for Epec
situations during the evaluation, e.g. the momeherwa
participant won a game. Psychophysiological methods
support the analysis of certain crucial situatiafs an
experience that are essential for emotional expegiebut
also provide summative analyses over time [11]Suive



reports are prone to the fact that emotions areaivadys
easy to put into concrete words and small but it@obr
details are sometimes forgotten.

Psychophysiological methods have some disadvaniages
well. They are still costly and complex to applhydareople
are fitted up with cables and electrodes and tbesef
restricted in moving and acting freely and without
restrictions. Making it more difficult, the settimgay cause
arousal or different emotions in people and thesfalter

but has the disadvantage that multiple channels tabe
combined, analysed and finally interpreted. Evesthad
has its strengths and weaknesses, also strongndem
on the evaluation context.

All these described methods seem to have greanfiltéo
be used in UX research, but the question remairethehn
they can be used in a mobile context. Mobility dedsa
people to be in motion, and this has not only e¢ffen the
applied methods. Common sense and results from UX

the results. Much time is needed to postprocess andesearch suggests that the interaction with praduobls,

interpret all the data that has been acquired durin
evaluation. Nevertheless, the possibility of olitajndata
throughout the whole test is very advantageous.give
more insight into the world of psychophysiology,eth
following section shall give a short overview oftmads we
applied for emotional evaluation:

Electromyography (EMG) measures muscle activity by
detecting surface voltages that occur when a muiscle
contracted. To find out about positive emotions the
activation of thezygomaticus majormuscle, which is
activated while laughing, is recorded. Simultanggus
negative emotions are measured by tharrogator
supercilii muscle, which is activated while frowning. EMG
was used in a lot of studies to access the valerice
emotions [3, 11, 14, 15Pn the one hand, EMG is more
accurate than facial expression recognition witklewi
analysis, because low evocative emotions are diffito
recognize visually. On the other hand, sensors wdthes
are attached in the face, which is obtrusive fatigipants.

Electrodermal activity (EDA) measures the activitythe
eccrine sweat glands and is said to be a lineaelete to
arousal [4]. Although room temperature, humidity,
participants activities and the correct attachmehtthe
electrodes has to be carefully considered, tonid EDa
well researched and valid method to record arcarsalwas
used for measuring emotions for interaction witstegms
[19, 15].

and artefacts can be enriched by allowing peoplmave
naturally and unrestrictedly [17, 2]. If people egs
themselves with their whole body, they immerse into
another world more naturally and easily. Therevislence
that there is a strong relation between movememt an
emotions [13]. With the following report we try &hed
some light on the world of psychophysiology for rieb
UX research.

AN EXPERIENCE REPORT

Implementing psychophysiological methods has taldee
very carefully and with great care due to the mearyables
that can alter the results. Temperature, humiditachment
of electrodes, individual differences, differencesicerning
gender (women even differ depending on the meristrua
cycle), age, time of the day, consumed stimulanth ss
coffee or energy drinks, medicaments, drugs, etcceaise
different reactions in sensors and in people. Tfhezethe
former consumption of stimulants from test partcits has
to be clarified. Care has to be taken for sengachment
as well: the skin should be shaved if very hairgt aot have
stains of makeup and skin creme.

In order to access the practicability of such apphes we
tried several methods, including EMG, EDA and
Respiration, using the ProComp Infiniti System from
Thought Technology. Generally, it's a simple taslattach
the electrodes and recording the signals comparetthe

Respiration can be used as measurement for negativelifficulty of psychophysiological signal processirand
valence and arousal [7]. More important, changes ininterpretation of the signals. The signals have b®

respiration rate affect other psychophysiologicatnos
such as EDA or cardiovascular functions.

The cardiovascular system offers several measuoptigns
to determine valence or arousal: Blood Volume Rmess
(BVP) indicates a correlation between greater idifain
the blood vessels with less arousal [19]. The hadet(HR)
is correlated with arousal as well and variabitifithe heart
rate (HRV) is used as a metric for assessing tlsiipe or
negative valence of an experience [1]. HRV is alsed as
a measure for mental workload. Nevertheless, migsur
HR can raise privacy and intimacy issues, as fimauit
electrocardiography requires the attachment otreldes in
the chest area.

It's important to mention that these methods shawdtbe
applied unimodal. A multimodal approach is moreusate
and results in a broader spectrum of aspects otienso

interpreted but also why participants reacted tlag they
did in certain situations.

Due to the motion aspect in mobile situations, we
conducted research on movement and psychophysialogi
measuring methods. Our findings and examination of
methods suggest that facial EMG is a viable anilykd
method to measure positive or negative emotioratkest
even when participants are moving. Analysis ofdigmals
clarifies explicitly when certain muscles are aatad or not
(figure 1 and figure 2). Fortunately talking dodsactivate
the muscle responsible for laughing in generalh@udgh it
can happen that people activate thegomaticusduring
mimic expressions.

EDA was proven as a viable method to access aradnisal
several studies. In a movement context, the nundfer
peaks is increasing the more a participant is itiongsee



electrodermal activity in figure 1 and figure 2hérefore it
is very hard to tell the difference between greateusal

interpret the emotional scope. Psychophysiological
measurements of the user’'s emotions and experieaes

because of the movement or enhanced emotions. Ouhelp to finetune gameplay and plot composition lie t

current approach is to record a “movement baselioe”
calculate the difference, but further research tmse
conducted to shed some light on this matter.
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Figure 1. Zygomaticus, Currogator and Electrodermal

Activity without movement
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Figure 2: Zygomaticus, Currogator and Electrodermal
Activity with participant moving

From our point of view, psychophysiological methods
should be supplemented by subjective reports. Wl us
EmoCards, which represent eight faces distributest the
valence arousal space [6], asked participants atisctete

process of developing mobile entertainment systems.
However, psychophysiological measuring techniques a
not appropriate for all contexts and the decisibrvbich
methods to choose has to be adapted in accordartte t
system or product that has to be evaluated. Mgsbitant

of all is to consider the setting, the system dred dontext
before choosing which psychophysiological methods t
apply. Not every method is suitable for evaluatwina
certain type of interactive system, as invasivenpesacy
and other aspects of psychophysiological methodsiidh
be taken under consideration.

A lot of studies aim at assigning discrete emotitargger,
happiness, fear, pleasure, etc.) from psychoplogicdl
recordings. From our point of view emotions are so
complex themselves and vary individually and cualliyr so
that it's vague to create discrete models. Moreadiscrete
emotions are not clear to differentiate on a
psychophysiological level, and an emotional expere
consists of more than one emotion. For those reasen
think that psychophysiological methods are inappate
for measuring discrete emotions.

Sooner or later psychophysiology will hopefully waron-
invasively (advanced video analysis, speech retiogrind
other refined future technologies) and hence offezat
opportunities for mobile emotional experience eatbn.
Though, also other areas of interest such as bffect
computing would benefit from such technical solnsio
During an interaction with an affective system the
emotional state of users could be determined amgybtem
will react to it appropriately. This could help &mhance
technology acceptance for human robot interaction,
increase the UX or even a learning process witlistesn.
An example for non-invasive measuring is Anttonen’s
EMFi chair (a chair equipped with electromagnetidat),
where attachment of an electrode is reduced tce#neto
record the heart rate [1]. HR would also be pogdigti
interesting for mobile UX, as there are speciatesys for
conductiong the heart rate of patients in the fielfd
cardiology. These systems could be used for mewguri
HR(V) of participants.

Regarding mobile contexts, it's crucial to provicethods

emotions such as happiness and anger, and conducteghat don’t restrict users in moving, feeling anteracting

gualitative interviews.

Our next steps will be to employ EMG, EDA and
Respiration really in the field. The ProComp Infini
System can store the data also on Flash Memory.

CONCLUSIONS

Based on our first hand experience we think that

psychophysiological methods are very well appliealv
gaming and entertainment industry, as during gaayept
watching a movie intense emotion and their dranggtare
a crucial element. This fact makes it easier tdyaeaand

freely.

Psychophysiological methods are not ideally appledor
such contexts because movement of participantssdiie
signals such as increased heart rate and eleatnater
activity. Furthermore, almost all electrodes andsses are
sensitive to movement. Despite of these drawbaoks,
findings suggest that facial EMG is a viable antiabde
method to measure positive or negative emotioretest
even when a participant is in movement. We are ingrin
the implementation of other methods such as EDvelk



if possible to get viable results even for

participants.

Psychophysiology in the field of mobile UX is i3 infancy
and further research is necessary to meet futuateciges.
We think that EMG is ready to be implemented intaier
areas such as the mobile entertainment and ganmiugtry.
At the moment we consider psychophysiological meésho
as a valuable complement to qualitative and queivie
subjective reports and observational analysesasttb be
taken into account, that psychophysiological methade
restricted in their scope. They enable to measer&io
aspects, but not the holistic emotional experidncall its
complexity. Further research has to be done to ongr
these methods and develop non-invasive technologies
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