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Measures of Emotion in Interaction for Health Smart
Home
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Abstract—Many researchers have worked on the
measurement of emotion from the per spectives of their various
domains, but thereislittleresearch on emotion in interaction in
the architecture domain. To develop measures of emotion in
interaction associated with spaces, this paper reviews
representative studies and techniques adopted for the
measurement of emotion in Human-Computer Interaction.
Emotional states and emotional response are two important
factors to be considered in measuring emation. In general,
emotional states are divided into discrete and dimensional
emotion models, wher eas emotional responses are organized in
terms of experiential, physiological, and behavior response. A
critical review would enable the consolidation of knowledge to

develop appropriate measuresfor emation in interaction design.

Through an exhaustive search on contents pages of articles,
systematic methods for measuring emotional states and
responses wer e examined, and several problems specific to the
measur ement of each emotion component wer e investigated.

Index Terms—Emotion, measurements, multi-componential
response, experiential response, physiological response,
behavior response.

I. INTRODUCTION

Human-Computer Interaction (HCI) has become a
promising research area. A significant number of researches
have been conducted on smart technologies, where a
long-running discussion has been taking place within the
HCI domain about usability and user experience (UX) issues
[1]. HCI researchers are aware of the limitations of the
traditional usability framework, which primarily focuses on
user performance. To extend the capacity of the framework
beyond reflecting HCI’s concern with productivity, these
researchers began paying attention to the notion of UX,
shifting the focus to user affect and emotion [2]-[4]. The
traditional usability methodologies have been regarded as
ill-suited to the measures of emotion because there are
limitations in accounting for and evaluating emotions [1], [5].
In this paper, we discuss affective and emotional aspects of
interaction in smart technologies. The paper provides an
overview of current research theories and studies into the
measurement of emotion in HCI to develop measures of
emotion in interaction associated with spaces. It is expected
that the consolidation of knowledge related to the
measurement of emotions would be provided to develop
appropriate measures for emotion in interaction design.
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II. DEFINING AND MEASURING EMOTIONS

Various definitions of emotion exist in different domains
such as psychology, neuroscience and design; thus, it is not
easy to reach consensus on the definition of emotion. The
various domains focus on different phenomena of emotions
[6]. We are interested in the definition of emotion proposed
by psychologists, in which emotion is regarded as a process
of changes in different components rather than a
homogenecous state [1]. The different states such as anger,
disgust or happiness can be categorized into emotions by
combining different levels of these main components. The
most controversial issue in research on the emotions concerns
how many emotions exist and what they are [7]. When we try
to identify patterns of emotional expression, we find they are
highly varied [8]. In general, the emotions can be largely
categorized from two perspectives: discrete and dimensional.
The two perspectives differ in how they conceptualize and
describe emotional states [9], [10].

The discrete emotion theories were inspired by Darwin
[11]. Researchers proposed a set of basic emotions from
which emotion experiences are constructed [12]-[18]. From
the discrete emotions perspective, each emotion corresponds
to unique components in experience, physiology, and
behavior [19], [20]. For example, Ekman's model identifies
six basic emotions: happiness, sadness, fear, surprise, anger,
and disgust [21], whereas Izard proposed eleven basic
emotions [18]: interest, joy, surprise, sadness, anger, disgust,
contempt, fear, shame, shyness, and guilt. The discrete
emotions are grouped according to their eliciting conditions:
consequences of events, actions of agents, or aspects of
objects [22].

The dimensional model, which specifies emotions
according to their position in an n-dimensional space, was
proposed by Wundt [23]. There are a few fundamental
dimensions that organize emotional responses in dimensional
models [10]. For example, feelings can be varied by their
position on three dimensions: pleasantness—unpleasantness,
rest—activation, and relaxation—attention [23]. The most
common dimensions are valence, arousal, and
approach—avoidance [24], [25]. The valence dimension is a
continuum of states of pleasure and states of displeasure,
whereas the arousal dimension is a continuum of states of low
arousal and states of high arousal. Approach motivation is
characterized by tendencies to approach stimuli, whereas
avoidance motivation is characterized by tendencies to avoid
stimuli [10], [22].

Heidt [26] argued that it is possible to reconcile
dimensional and discrete perspectives to some extent. Each
discrete emotion can represent a combination of several
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dimensions by offering a hierarchy that groups similar
emotions into families, each family being subdivided into
small subsets [26]. For example, anger could be characterized
by negative valence, high arousal, and approach motivation;
whereas, fear could be characterized by negative valence,
high arousal, and avoidance motivation [10].

The ambiguity of the definition of emotion makes it more
difficult to measure [8]. Emotion is an important factor in
designing smart systems; thus, it should be evaluated
appropriately by relevant methods and tools. Usability is the
question of how well people can use the functionality of the
system [2]. The notion of usability does not include feelings
such as delight or excitement [27]. In general, usability
testing focuses on efficiency, speed, and error rates, i.e. not
linked to human experience. It has a very limited view of
emotion, concerning the pleasant—unpleasant dimension. As
a number of researchers become aware of the limitations of
usability, activities have increased to better understand UX
including emotional, affective, experiential, hedonic, and
aesthetic variables [28]-[30]. With a focus on UX, more
suitable methods for emotion measurement have been
discussed and proposed.

III. EMOTION MEASUREMENT

The development of instruments to measure emotions has
been one of the most important research areas.
Acknowledging the important role of emotions, it has been
popular in the fields of psychology and sociology, and
subsequently in the fields of consumer and marketing, and
more recently computer science [31]. To develop measures of
emotion in interaction associated with spaces, we begin by
reviewing representative studies and techniques adopted for
the measurement of emotion in Human-Computer
Interaction.

A. Multi-Componential Response

People respond emotionally to stimuli or situations in
various ways, not just one fixed way; thus, there is no one
standard method for the measurement of emotions. A
convergent measurement assessing all component changes
can provide a comprehensive measure of an emotion [8]. This
view that considers all facets of emotional response is useful
to organize the measurement techniques available to HCI.
The multiple components of emotion proposed by
representative researchers are as shown in table 1.

Scherer[8] categorized emotional response into five types:
the continuous changes in appraisal processes at all levels of
central nervous system processing; the response patterns
generated in the neuroendocrine, autonomic, and somatic
nervous systems; the motivational changes produced by the
appraisal results; the patterns of facial and vocal expression
as well as body movements; and the nature of the subjectively
experienced feeling state that reflects all of these component
changes. Desmet [31] treated emotion as a multifaceted
phenomenon consisting of the following components:
behavioral reactions, expressive reactions, physiological
reactions, and subjective feelings. There seems to be no
empirical solution to the debate on which components are
sufficient or necessary to define emotions. Laurans [6]
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included the following elements under the heading of
“emotion”: give rise to affective experiences such as feelings
of arousal, pleasure/displeasure; generate cognitive processes
such as emotionally relevant perceptual effects, appraisals,
labeling processes; activate widespread physiological
adjustments to the arousing conditions; lead to behavior that
is often, but not always, expressive, goal-directed, and
adaptive. The definition of emotion contains the breadth of
the phenomenon, reflecting the complexity of emotions as
responses including many of these elements. Mauss [10]
divided emotional response into emotional experience,
physiology, and behavior, whereas Lang [7] categorized it
into affective evaluation, facial expressiveness, visceral
reactivity, and behavioral responses that maintain or
terminate stimulation.

TABLE I: COMPONENTS OF EMOTION

Laurans et Mauss et Lang et
Sch 8 D t[31
cherer(8]  Desmet{31] ), ¢, al.[10] al.[32]
Appraisal of Behavioral Affective Subjective  Affective
the eliciting  reactions experiences  experience evaluation
event
Expressive Cognitive Peripheral ~ Facial
Physiological reactions processes physiology expressiveness
symptoms
Physiological Physiological Behavior  Visceral
Action reactions adjustment reactivity
tendencies
Subjective Behavior Behavioral
Motor feelings responses
expression
Feelings

Based on the result of the critical reviews of the definition
of emotion and multi-componential responses, we developed
three main components of emotional response in HCI:
experiential response, physiology response, and behavior
response.

B. Assessing Emotional Responses

Many studies, with varying approaches and relevancy to
the measurement of emotions, have been conducted to
develop reliable methods of assessing emotion. These can be
divided according to the components of the emotional
response as follows.

1) Experiential response

The individual can be aware of the emotional state and
describe it with a rich emotional lexicon to communicate
his/her response to certain stimuli [33]. The experiential
response can be divided into verbal and non-verbal
instruments. Verbal self-report instruments assess the
subjective feeling component of emotions, where each
emotion involves a specific basic feeling [34]. The most
popular instruments require respondents to report their
emotions using a set of rating scales or verbal protocols. The
rating scales can be assembled to represent any set of
emotions as well as mixed emotions [31]. Verbal reports of
affects have a great richness and subtlety of discrimination,
with a lot of emotionally descriptive words [7]. The
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self-assessment manikin (SAM, see [35]) is a non-verbal
instrument. Using schematic manikins to represent the
different feelings states, it provides a quick assessment of
valence (how positive or negative a person feels), arousal (a
calm—excited scale) and dominance (feeling in control of the
situation)[36]. A non-verbal instrument is proposed by the
evolutionary foundation of emotion that has a simpler,
two-factor ~ motivational  organization [7]. Several
questionnaires based on categorised emotions have been used
in design-oriented research to describe users’ experiences
[36]. The Geneva Emotion Wheel [8] is a verbal self-report
instrument that includes 20 emotion families, whereas PrEmo
[31] is a non-verbal measurement tool comprising 10 to 14
animations representing different emotions. Through the use
of these tools, we can ask potential users to report their
feelings about existing products to inform the design process
[36], [37].

2) Physiological response

Physiological response to an emotional event has been a
popular area of emotion research, both empirical and
theoretical [36, 38]. The physiological changes include
alterations of heartbeat and breathing rates, body temperature
and skin conductivity [33]. Thus, blood pressure responses,
skin responses, brain waves, heart responses, etc. are
measured by appropriate instruments [31]. There are
empirical researches that describe the correlation between
different physiological systems and emotion [36], [39].

The autonomic nervous system (ANS), a general-purpose
physiological system responsible for modulating peripheral
functions, displays physiological manifestations that can be
measured with measurement techniques [10]. The most
commonly used assessments are based on electrodermal or
cardiovascular responses. Electrodermal response is
quantified in terms of skin conductance level (SCL) or
short-duration skin conductance responses (SCRs). The most
commonly used cardiovascular measures include heart rate
(HR), blood pressure (BP), total peripheral resistance (TPR),
cardiac output (CO), pre-ejection period (PEP), and heart rate
variability (HRV) [10]. Many researchers have proposed that
the physiological correlates of discrete emotions are likely to
be found in the brain, and have taken up this challenge using
EEG and neuroimaging methods [20], [40]-[42]. EEG
measures contrast activation in large regions of the brain,
often anterior versus posterior, in combination with the
distinction between left-sided and right-sided hemispheric
activation. Neuroimaging studies, using fMRI (functional
magnetic resonance imaging) or PET (positron emission
tomography) technologies, can locate activation in far more
specific brain regions than EEG [10].

Several researchers in affective computing have developed
ANS instruments, such as IBM’s emotion mouse [43] and
wearable sensors designed by the Affective Computing
Group at MIT [44]. With these instruments, computers can
gather multiple physiological signals while a user is
experiencing an emotion, and learn what pattern is most
indicative of an emotion [31]. These techniques have some
practical advantages, e.g. they yield continuous measures
without the users’ attention in an objective way. However,

there are difficulties in using psychophysiological techniques.
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Firstly, specific expertise and complex equipment are
necessary. Further, the sensors—usually adhesive electrodes
attached to the skin with cables running to the recording
device, reduce the freedom of movement of the participants
[36], [45]. The most difficult part of psychophysiological
measurement is the interpretation. Emotion is not the only
process to affect visceral activity, thus it is hard to identify
unambiguous associations between specific emotions and
patterns of bodily activation. It is thus extremely difficult to
use psychophysiological recording on its own to provide an
assessment of users’ emotions while interacting with a
system. Therefore, much of the research into these techniques
supplements them with self-report data, focusing on the
physiological activation itself [36].

3) Behavior response

Each emotion is associated with a particular pattern of
expression [10], [46]. For example, anger is accompanied by
a fixed stare, contracted eyebrows, compressed lips, brisk
movements, and a raised voice [31]. Emotional states can be
linked to action dispositions [25], [47].

TABLE II: RESPONSE SYSTEM, MEASURES AND EMOTIONAL STATES

Response Measures (Evaluation method) Emotl.o.nz.il states
system (Sensitivity)
Experiential Verbal represent any set of
R . . tions, and can b
esponse self-report instruments with the cmotions, and can be
. used to measure
use of a set of rating scales or . .
mixed emotions
verbal protocols
Non-verbal
Self-assessment valence, arousal and
Manikin-SAM dominance
Geneva Emotions Wheel 20 emotion families
Product Emotion Measuring
Instrument
Physiological ~ autonomic nervous system
R . .
esponse electrodermal system: SCL 6-8 basic emotions
cardiovascular system: HR, valence and arousal
BP
affect-modulated startle valence and arousal
central physiology(CNS) approach and
EEG avoidance
fMRI, PET
Behavior Motor expression
Response

Facial expression: FACS, 6-8 basic emotions

MAX, FEAT, EMG
valence

Vocal expression: pitch,
pitch changes, intensity of
color, speaking rate, voice
quality, and articulation

arousal

Action tendency approach and

. avoidance
observer ratings

In this research, we regard the former as a motor
expression and the latter as an emotional state according to
action tendencies as shown in Table II.

There are two major motor expression instruments:
measuring facial and measuring vocal expressions [31].
Examples of theories that link expression features to distinct
emotions are the Facial Action Coding System (FACS) [48],
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and the Maximally Discriminative Facial Moving Coding
System (MAX) [49]. Generally, visible expressions captured
on stills or short video sequences are analyzed. An example
of an analysis tool is the Facial Expression Analysis Tool
(FEAT) [50]. A related approach is facial electromyography.
Electromyography (EMG) is recorded with electrodes placed
on the skin, where the recording of the electrical signal is
generated by action potentials in the motor neurons
controlling muscles. Specific electrode placements (loci) are
used to record the activity of different facial muscles [36].
Similar to the facial expression instruments, vocal
instruments measure the effects of emotion in multiple vocal
cues, based on theories that link patterns of vocal cues to
emotions [31], [51].

The HCI literature also provides examples of the use of
this technique [6], [36]. Tendencies to approach or avoid its
object are a fundamental aspect of emotion. Researches in
psychology and neuroscience suggest that these behavioral
tendencies are engaged even when perceiving or
remembering emotions. Evaluation of a stimulus also seems
to be reliably associated with a behavioral tendency to
approach pleasurable stimuli and to avoid negatively
valenced stimuli [36], [52], [53]. As with other
psychophysiological measures, the complexity and relative
obtrusiveness of the technique and the inconsistency of the
findings might be an obstacle to its use as a routine tool for
user experience research [36].

IV. CONCLUSION AND DISCUSSION

Researchers in HCI have worked on usability studies for a
considerable amount of time, and recently began to pay
attention to UX because they became aware of the limitations
of the traditional usability framework that emphasizes
productivity. Usability does not account for and evaluate the
range of emotions that can be linked to human experience.
Although some studies on user satisfaction have been
conducted, they are limited to the satisfaction associated with
efficiency and error rates. They have been regarded as
ill-suited to measure emotion.

We are interested in affective and emotional aspects of
interaction in smart technologies, and investigated related
works that deal with the measuring of emotion to develop
more relevant tools for measuring emotion in interaction
associated with spaces. The paper provides an overview of
current research theories and studies relevant to the
measurement of emotion in HCI. It is expected that the
consolidated knowledge related to the measurement of
emotions would be provided to assist in developing
appropriate measures for emotion in interaction design.

There are, in general, two perspectives in emotional states:
the discrete emotion model and dimensional emotion model.
However, we found that reconciling the dimensional and
discrete perspectives to some extent seems to be desirable. As
Heidt argued [26], each discrete emotion can represent a
combination of several dimensions by offering a hierarchy
that groups similar emotions into families, each family being
subdivided into small subsets. Regarding emotional response,
we organized it into three components based on the notion of
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the multi-componential model: experiential response,
physiological response, behavior response. We examined
whether emotional responses are associated with specific
patterns of experience, physiology, and behavior. For
measuring experiential response, verbal instruments have the
strength to provide a great richness and subtlety of
discrimination. Through the physiological response, more
objective data can be collected, but there is difficulty in
interpreting the collected data. Further, research into the
physical response does not wuncover unambiguous
associations between specific emotions and patterns of
bodily activation. Using psychophysiological recording on
its own seems to be problematic in providing an assessment
ofusers’ emotions while interacting with a product. Although
technological complexity occurs in adopting the behavior
response, the HCI community has used the behavior response
for measuring the users’ emotional responses to a media
player, portable audio player and computer games.

In this paper, we review representative studies and
techniques adopted for the measurement of emotion, and
highlight research issues on UX to be addressed for
measuring emotion in interaction with smart environments. It
was found that there is no single standard method for the
measure of emotion in existing research that accounts for and
evaluates emotional states and responses. Rather, various
methods are proposed to measure different emotional states
and responses, which are not strongly related to one another.
Emotions are constituted by multiple, situationally and
individually variable processes. We plan to study further to
identify which method can be reliable and validated for each
situation in measuring emotions associated with HCI.
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