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Chapter 1

Introduction

Affective interfaces improve human-computer interaction by supporting affective communication.
While research in human-computer interaction has been dominated by studying users’ cognitive
behaviour, the importance of user’s affective responses is gaining attention. A variety of affective
interfaces have been developed. This essay provides an overview of current research in affective
interfaces and evaluations of these interfaces. Evaluation of affective technologies is important
for two reasons: to prove the affective interfaces are working correctly; and more importantly, to
ensure research in this area is heading in the right direction. However, human emotion is a complex
and abstract concept is not well understood, thus, evaluation of affective interfaces is intrinsically
difficult. The core of evaluating affective interface is assessing user’s emotions. Current techniques
of emotion assessment and how they are applied in evaluation of affective interfaces, difficulties
faced by current evaluation techniques, and attempts to resolve these problems are discussed in
this essay. Let’s start exploring the problem by understanding affective interfaces.

1.1 Theories of affective interfaces

Affective interfaces are an attempt to improve interaction by supporting affective communication.
The publication of Picard’s book Affective Computing [62] drew researchers’ attention to affect
in computing. Affective interface is a term that encompasses two concepts: Affect and Interface.
In order to fully understand what affective interfaces are, we must learn more about affect and
interfaces in computer science.

Affect. The term Affect comes from the Latin word affectus, which means passion or emotion in
English. It generally refers to any concept that relates to emotions, feelings, sentiments or moods.
Although these terms are often defined more precisely in the literature, in this essay, the terms
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CHAPTER 1. INTRODUCTION 3

affect, feelings, and emotion are used interchangeably.

Very little was known about affect until the 19th century. Charles Darwin pioneered research in
the field of emotions. He published The expression of the emotions in man and animals in 1872.
This book points out that emotion is innate [21]. Some emotions are necessary for our ancestors to
survive; as part of evolution, we have inherited these emotions. He conducted a simple experiment
on himself at the zoo. He put his face on the thick grass-plate outside the puff adder. He was
certain that he was in a safe place since the snake could not reach him in any way. However, when
the puff adder approached him, he was scared and retreated by instinct.

In this simple experiment, human reasoning failed. Logical reasoning told Darwin that he was safe;
however, when he was frightened by the puff adder, he backed off to escape from danger. Darwin
found the reason for his reaction in the Theory of Evolution. The retreat reaction is programmed
into our brain, and we inherit this reaction from our animal ancestors. Those of our ancestors who
did not retreat when a snake struck them were not able to survive and reproduce. Evolution is
generally conservative, keeping functions that worked in the past. Even though they are not of
current use, they silently await the next modification to improve.

While Darwin’s view is debatable, he certainly pioneered research in emotions. After Darwin,
psychologists continued research into emotions, looking at them from different angles. Much study
of emotions was conducted in psychology but the field of emotions has also expanded to other
disciplines: from psychology to sociology and cognitive science. Concepts from emotion research
have been applied in computer science during the last decade. The study of emotions is difficult:
despite the long history of research, no commonly agreed theory of emotion exists in the literature.

Interface. The second part of the term is interface; which refers to the human-computer interface.
An interface is the boundary linking two entities. The main goal of an interface is to enable
communication between the two entities. The human-computer interface thus serves as the bridge
between human and computer.

User interface research is the branch of research that leverages human-computer interfaces for effec-
tive communication. One way of improving communication effectiveness is to increase the richness
of the information transferred. Affective interfaces, therefore, attempt to improve effectiveness of
the interaction between human and computer by including affect in the interaction. One might
ask: how can affect or emotion improve communication? In fact, emotion plays a fundamental
role in communication and helps developing social relationships, as Metts and Bowers stated [55]:
“Emotion is a fundamental, potent, and ubiquitous aspect of social life. Affective arousal forms
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a subtext underlying all interaction, giving it direction, intensity, and velocity as well as shaping
communicative choices. Emotion is also one of the most consequential outcomes of interaction,
framing the interpretation of messages, one’s view of self and others, and one’s understanding of
the relationship that gave rise to the feeling.” Metts and Bowers thus suggest that communicating
emotions is important in effective communication.

Emotion as communication and experience. Oatley describes the communicative aspect
of emotions in his research. According to Oatley, emotion serves both intra- and inter- personal
communication [42]. According to communicative theory [43], emotion signals are triggered by
events that make our goal and plan less or more easily achieved. We experience positive emotions
when our goals are more likely achieved, and experience negative emotions when they are less
likely to be achieved. Emotions serve as signals to prepare our mental resources for certain actions.
Moreover, emotions serve a communicative function and can cause changes in the interaction with
other people.

Similar findings are seen outside the psychology literature; Damasio, a neurologist, pointed out
the important of emotions in social relationship and communication. His book, Descartes’ Error,
is a neurobiologist’s view of how emotions can influence our social life by guiding social decisions
[20]. Damasio opens his book with the story of Phineas Gage, a nineteenth century railroad worker
whose brain damage caused personality change. Although after his brain damage, his cognitive
ability remained the same, he was no longer able to express emotions. Gage was no longer able to
work with other people and engage in any form of social activity. This is not just an isolated case,
Damasio found similar problem in his patient Elliot. Elliot had brain damage similar to Gage’s
and also experienced difficulties in planning and making social decisions. Damasio thus named him
the modern Gage. After his brain damage, Elliot was no longer capable of expressing emotions; he
experienced no positive or negative emotions towards his tragedy. As Damasio described, he had
”no inner turmoil”. The inability to have any emotions resulted in irrational behaviour and Elliot
was no longer capable of working with other people. Damasio found that areas of the brain that
are damaged in these patients are responsible for personal and social decisions, processing emotions
and maintaining mental images. Damasio thus proposed the somatic marker hypothesis to explain
the situation. Emotions guide us to pay attention to certain alternatives by activating somatic
markers on these options. A somatic marker is a catalyst that guides us to make good decisions.
The patients are no longer able to activate somatic markers, and therefore are incapable in making
social decisions.

Damasio provided a neurologist’s view of the role of emotions in maintaining social relationships.
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Similar evidence is also provided by Robin Dunbar, a biologist specializing in primate behaviour.
Dunbar believes that we communicate because of the need to exchange emotions to strengthen social
bonds. In his book, Grooming, Gossip and the Evolution of Language, he hypothesized that humans
communicate through language because of a need to communicate emotion as a social function to
strengthen social bonds [25]. Humans, no doubt, are social animals. Our primate ancestors used
grooming as their primary social interaction. In the first line of his book, Dunbar states that, “To
be groomed by a monkey is to experience primordial emotions ... The experience is both physical
sensation and social intercourse. A light touch, a gentle caress, can convey all the meanings in the
world.” [25]. According to Dunbar, emotions play an important role in communication; moreover,
emotion alone is able to convey meaning. The specific emotion, whether a person is angry, happy,
or sad is not of priority; however, to experience the exchange of emotions is the heart of maintaining
social relationships.

Dunbar compared grooming with human conversation. Since humans are social beings, we main-
tain our relationships with others through conversation, and its root, as suggested by Dunbar, is
grooming. Language is thus an evolutionary product of grooming, which is an act to convey emo-
tion. Endorphins are produced in the hypothalamus region. They are the brain’s painkiller and
result in a soothing feeling. The production of endorphins is stimulated by both grooming and
conversation. However, conversation is more efficient in maintaining social relationships among
large social groups. Primates can only groom one friend at a time, but with conversation, humans
can talk to many people at the same time to maintain social relationships. Through conversation,
humans exchange emotions with each other to strengthen social bonds.

According to these studies, to maintain social relationships, humans need to express, perceive,
and experience emotions. Our communication channels have evolved since our primate ancestors.
With the rise of communication technology, computers have become tools for having conversations
and maintaining relationships with more people. Moreover, the same concept can be applied to
improve human-computer interaction; a computer can participate in users’ emotional experience
by perceiving their emotions and expressing emotions back to them. Ideally, technology facilitates
communication. However, it can also hinder the communication of emotions. Road rage is an
example. Driving is a social skill, relying as it does on inter-driver communication to coordinate
traffic flow. But, inside the car, the richness of the interface is dramatically reduced, and many
communication channels are being blocked. The same concept applies to computer-mediated com-
munication. Despite the richness of the medium, much of the emotion information is lost. In order
to facilitate emotion communication, affective interfaces are developed to enrich the communica-
tion channel. Thus, affective interfaces are computer artifacts that are designed to support emotion
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communication to improve the interaction.

Affective interfaces can be categorized according to the primary interaction they support. The
two main categories of interaction are human-computer and human-human. Further subdividing
affective interfaces, two models of affective interfaces exist: informational model and interaction
model. The two models differ in the role of emotion in the interface. The informational model takes
affect as information that is passed from one person to another, or from a human to a computer.
The interactional model describes emotions as experience, thus the affective interaction should
be focussed within an experimental context. Chapter two of this essay describes how affective
interfaces follow one of the two models.

1.2 Evaluation and emotion assessment

A strong and sound evaluation of newly developed interfaces is the key to research progress. Looking
at existing affective interfaces, there is little evidence of strong and convincing evaluation. The
problem is the lack of a sound emotion assessment method.

To effectively evaluate these interfaces, researchers must prove that interaction is improved after
adding affective communication. Affect can be modelled as added information or as an integral part
of an holistic interface experience. While the two models are quite different, both of them require
the use of emotion assessment methods in their evaluations. The informational model of affect
considers emotion as a type of information which can be transmitted from one person to another,
whereas the interactional model focuses on the emotion experience. The evaluation processes are
discussed below.

The informational model. The informational model is the traditional view of modelling emo-
tions under an information processing approach. Researchers that explore this model focus on
developing technologies to sense and transmit emotions. Communication of emotion is accom-
plished through passing emotion-tagged messages from sender to recipient. An example of the
informational model is emoticons in text-based messaging. The emoticons add emotion to the
content of the message. The communication process can be dissected into a four step process as
follows:

1. The sender wants to express an emotion to recipient.

2. The sender encodes the emotion using the affective interface.

3. The recipient receives the emotion-tagged message.
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4. The recipient interprets the sender’s emotion from the message.

The sender initiates the emotion communication. Both sender and receiver can be either human or
computer, depending on the application. For instance, in affective interfaces that relay messages
between humans, the sender and recipient are both humans. On the other hand, for an interface
that only recognize users’ emotions, emotion communication is one-way: the sender is always human
and the receiver is always a computer. To initiate the conversation, an emotion within the sender
is encoded to be transmitted to the message recipient. The sender expresses the emotion, the
interface encodes the emotion and sends it to the recipient. Finally, the recipient interprets the
sender’s emotion from the message received. Thus, emotion is a piece of information that is sent
from one entity to another.

The interactional model. While many of the existing affective interfaces in HCI model affect
as information, Boehner et al. [8] suggested that emotion is an experience in itself, thus, the whole
interaction experience must be considered. Emotion is expressed in a co-constructed, co-interpreted
manner. In other words, emotion is constructed from the communication itself, with reference to
the parties’ shared understanding of their mutual feelings. Research should focus on assisting
a user’s emotion experience with the system. Instead of transmitting the exact emotions from
one person to another, affective interfaces should allow users to participate in the experience of
emotions. This model is closer to a real life experience of emotion communication, where emotion
is an ambiguous experience, neither party in the interaction needs to understand the emotion
accurately for communication to be affective. An example is the gesture of hugging. Depending
on the context, a hug can convey many different meanings. Thus, the gesture is to be interpreted
based on the shared understanding of how the involved parties feel.

Evaluation. Evaluating affective interfaces under both informational and interactional models
requires utilizing emotion assessment techniques. Evaluating the effectiveness of affective commu-
nication under the informational model is a four steps process:

1. Elicit emotion in the sender.

2. Measure the emotion expressed by the sender.

3. Measure the emotion perceived by the recipient.

4. Check that the emotion expressed by the sender is correctly perceived by the recipient.

Thus, to get an accurate measure of whether the interface succeeds, one must accurately measure
emotion expressed and perceived, map them onto a same emotion representation, and check whether
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they match. Conversely, the interactional model does not focus on the accuracy of the emotion
expressed and perceived. To evaluate affective interfaces under the interactional model, Boehner
et al. suggest proving whether or not the system successfully encourages users’ awareness of the
emotions [8]. To do so, one must measure users’ affective responses towards the system.

Measuring of emotion is the recurring theme in the evaluation process for both the informational
and interactional model of affective interfaces. Evaluating affective interfaces requires assessing
the emotion expressed by a sender and emotion perceived by a recipient in the informational
model, whereas evaluating an interface under the interactional model of affect requires an emotion
assessment of users’ affective responses. Fortunately, emotion assessment is extensively studied and
many techniques have been developed. Those techniques and how they are applied in evaluation
of emotions in HCI are further discussed in chapter three.

Model Emotion Measurement

Informational model Emotion expressed by the message sender
Informational model Emotion perceived by the message recipient
Interactional model Affective response of the sender and recipient to the interaction

Table 1.1: Measurements of emotions

1.3 Challenges of emotion assessment in evaluation

Emotion assessment is important in evaluation. Using a reliable method of assessing users’ affective
states, we are able to deduce the effectiveness of the interface. Unfortunately, emotion assessment
is subject to a variety of problems. Two problems discussed in this essay are confounding and the
lack of a universally accepted emotion representation.

Even a novice can tell that emotion is easily influenced by many factors. Emotions can be influenced
by events that range from the loss of a loved one, to stress from work, to the color of the clothes
that one is wearing. Moreover, evaluation requires an accurate measurement of the change of
emotional state elicited by the interface. How can researchers provide an environment that is free
from confounding errors?

The second problem is the lack of a universally agreed emotion representation. It hinders the reli-
ability of evaluations and makes benchmarking almost impossible. Most studies map their findings
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to a set of emotional words of their own choosing; or map their findings to some emotion represen-
tation that is convenient. Researchers can unconsciously customize the emotion representation in
the evaluation to produce favourable results. Moreover, since the emotion representations vary in
reported research, it is almost impossible to compare and benchmark the result of different studies
so that inter-study comparisons are impossible.

Unfortunately, from the papers and studies surveyed, little is being done to address the problems
described above. Thus, proposals for overcoming these problems are discussed in chapter four.



Chapter 2

Affective Interfaces

Affective interfaces improve interaction by providing emotion communication. They can be cat-
egorized according to the interaction they support. The two major applications are supporting
human-computer and human-human interactions. As discussed in Chapter 1, affective interfaces
are influenced by the traditional informational model or the innovative interactional model. The
major distinction between the two models is that the informational model strives for accurately
perceived and synthesized emotions, whereas the interactional model focuses on the overall emotion
experience that is ambiguous in nature, that is where the exact meaning is to be interpreted by the
users independently of one another. The following gives a detailed discussion of the applications of
affective interfaces.

2.1 Applications of affective interfaces

2.1.1 Improving interactions between humans and computers

The interaction between human and computer can be enhanced by allowing communication of affect
between human and computers. Computers are commonly regarded as machines that do not have
emotions. However, Reeves and Nass’ study reveals that users will elicit emotions to a computer,
even though they know that they are just interacting with a machine [68]. Moreover, some tasks,
such as computerized learning techniques, can be improved by providing emotional support from
the computer tutor [1] [32]. These observations suggest that human-computer interaction can be
improved by supporting affect. The goal is increasing usability of interfaces by supporting affect.
Computer interfaces in this category can expresses or perceive emotions, or do a combination of
both.

10
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Express emotions. Following the informational model of affect, emotion can be transmitted
from a computer to a user. For example, Feelix is a humanoid robot that can express emotions to
humans [11]. Feelix responds to tactile feedback and express an emotion accordingly through facial
expression. He is capable of expressing five different emotions: anger, sadness, happiness, fear, and
surprise. Synthesized emotion is also used in games. SenToy is an affective toy for controlling the
emotion of a synthetic character in a 3D virtual game [60]. The synthetic character portrays six
different emotions through facial expression, body movements, voice, and verbal cues. Through the
capability of expressing emotions, the character is made more believable and users’ involvement in
the game increases.

Interfaces that express emotions such as politeness and empathy enable users to interact with the
interfaces more comfortably. Students can benefit from pedagogical agents that express emotions.
Wang et al. studied the effect of politeness on students’ motivation [80]. A polite tutor would en-
courage students by emphasizing students’ success; upon failure, the computer tutor would suggest
a collaborative effort from both the tutor and the student to solve the problem. They compared
direct and polite strategies in a computer-based learning task and find that the polite strategies im-
proved students’ motivation. Moreover, the polite tutor also helps students to lower the perceived
difficulty of the materials. Liu and Picard argued that health assessment applications that express
empathy allow these systems to be better accepted by users [52]. In their paper, they outlined
three pieces of work by Klein[47], Bickmore[7], and Liu[52], that demonstrate empathy expressing
interfaces which increase the acceptability of the interface and decrease user frustration and stress.

Perceive emotions. Some interfaces detect users’ emotions and generate reactions that depend
on the emotion detected, without the interface expressing any emotion. I like it [34] developed
by Goren-Bar et al. is an example of such an affective interface. It is a customizable multimedia
museum tourist guide, which creates a personalized experience for the user according to his or her
own interest and pace. It allows the user to express their affective attitude, namely the satisfaction
with particular exhibits, aiming thereby to improve the usability of the tourist guide interface. In
each exhibit, after an introductory presentation, the user is given a like-o-meter to indicate how
much they like the exhibit. The user can select from two degrees of disliking (sad faces), and
two degrees of liking (smiley faces). If the user is pleased with the current exhibit, the system
provides more information about it; on the other hand, if the user dislikes the exhibit, it provides
no more information. The user’s preference is also propagated into a preference template network
to predict the user’s liking of other exhibits. This prediction is indicated to the user by pre-setting
the like-o-meter when the user moves on to another exhibit.
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Another application of perceiving users’ emotions is recognizing emotions from speech. Interac-
tive Voice Response Telecom applications (IVR) are getting increasingly popular in businesses to
automate telephone answering. It is beneficial if IVR applications can detect users’ emotional
states, which guides provision of feedback to operators for monitoring. The emotional content of
the conversation also provides hints to operator evaluation [61]. The technique is also employed by
Inanoglu and Caneel to classify voice mail messages [40].

Disambiguating dialogues is another application in research of perceiving users’ emotions. The
same sentence said in different tones has different meanings: when only the linguistic content is
considered, the meaning of a sentence can be highly ambiguous. The speaker’s emotion often reveals
non-verbal meaning which disambiguates the sentence. Bosma and Andŕe proposed a system that
uses physiological responses to recognize users’ emotions [26]. They showed that while the intention
of a user’s dialogue may be ambiguous, the user’s emotional state, inferred from physiological data,
can guide the interpretation of the dialogue.

Perceive and express emotions. Combining emotion perception with expression provides a
more human-like interface. The computer perceives the user’s emotions and provides an appropriate
emotional response. Examples of this type of interface, discussed below, are found in gaming and
electronic tutor applications.

Electronic toys such as electronic pet and dolls that can respond to users’ emotional states are
more entertaining for their users [17]. Hapticat is a research application of this type [82]. It is
an electronic pet that communicates with humans haptically, by perceiving users’ emotion and
responding back physically.

Computer tutors can also respond to students’ emotional states and act accordingly. Among
tutorial dialogue systems, Aist et al. showed that adding human-provided emotional scaffolding to
an automated Reading Tutor increases student persistence [1]. Litman and Forbes-Riley also built
an intelligent tutoring spoken dialogue system that predicts and adapts to student emotions [32].

Applications surveyed in this section enrich the interaction between human and computer by using
affective communication. The two characteristic capabilities are emotion perception and emotion
expression. Affective interfaces may perform either one or both of these functions. Thus, all appli-
cations surveyed follow the informational model. The correctness of such an interface is measured
by the accuracy with which emotion expressed by users is perceived, and by the user’s ability to
understand emotion expressed by the system.



CHAPTER 2. AFFECTIVE INTERFACES 13

2.1.2 Improving interactions between humans

Computing provides novel ways for humans to interact with other humans. Many forms of com-
munication among humans are digitalized. Affective interfaces that support interactions between
humans can be categorized into those facilitating short-term interactions and those supporting
long-term relationships.

Facilitating short-term interactions. Affective communication can improve the effectiveness
of short term computer-mediated communication. Affective interfaces support the communication
cues that relay emotions from one user to another. Emotion cues identified by psychologists include
facial cues, vocal cues, body cues and verbal cues. Affective interfaces enrich a variety of computer-
mediated communication channels, such as Instant Messaging (IM), email, and videoconferencing.

Traditional computer-mediated communication provides a means of communicating with other
people at remote locations. While it is convenient to use technology to connect with people from
afar, many emotional cues are poorly conveyed by traditional interfaces. Verbal cues become the
primary channel to communicate emotions in text-based interfaces such as email. Studies have
shown people’s ability and willingness to express emotions verbally varies with age, nationality
(confounded with language), and emotion [65]. Thus, a communication channel that only permits
verbal cues is not enough for effectively communicating emotions.

Emoticon. In order to augment channels that express emotions, emoticons, or smileys, are used.
The first emoticon, :-) , was used in 1982. It was proposed by Scott E. Falhman, a research
professor at Carnegie Mellon University. He posted it on the University’s online bulletin board to
indicate humorous posts. Since facial cues to emotion are lost in text-based communication systems;
emoticons are used as an alternate method of expressing facial expression. Early emoticons were
composed of ASCII characters. The High-Tech Dictionary now contains 239 ASCII-based emoticons
[38]. As emoticons gained in popularity, communication programs like MSN and Yahoo! Messenger
added graphical representations of emoticons. The emoticons discussed here are based on the North
American culture; there are also many more different emoticons across cultures.

Although emoticons add emotions to messages, they can be confusing. In a recent review of
emoticons, Dawson points out that while emoticons add tone of voice to the message, they can also
confuse the recipients of the message [22]. Some people that he interviewed states that emoticons
are “time-savers but brain-wasters”. Emoticons impose a cognitive load on the receiver who must
understand the underlying meaning.
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Many researchers have noticed the lack of emotional cues communicated in traditional interfaces.
Recent research to remedy this limitation is discussed below. This research communicates emotions
by adding to the interface cues to emotion, such as facial cues, body cues, or vocal cues.

FAIM. Kaliouby and Robinson [27] proposed FAIM, an instant messaging application based on
Microsoft’s MSN Messenger. FAIM communicates the user’s emotion using a dynamic display
picture that shows his or her facial expressions. FAIM has three components. The Facial Affect
Analyzer captures and infers the user’s facial expression every six to eight seconds. Since the
display picture cannot be updated so frequently, the Affective State Manager then decides which
emotion to display and makes smooth transitions between emotional states. The animator obtains
information from the Affective State Manager and updates the display accordingly. The user’s
affective state is then known to all people on his or her contact list through the display picture.
Usability studies will be carried out to quantify the effectiveness of FAIM in conveying affective
states and social presence.

Hapticons. Rovers and van Essen [71] applied haptic technology to instant messaging. Haptics
is a technology that simulates human touch. They proposed the idea of Hapticons to replace
emoticons. They provide tactile feedback to the users to simulate body cues in communicating
emotions. Rovers and van Essen argue that the additional information can resolve ambiguity that
arises during instant messaging sessions. The Haptic Instant Messenger (HIM) is a system that
provides ordinary messaging functionalities plus the tactile feedback. Haptic communication is
supported by a set of predefined hapticons, and a set of input and output devices that generate
haptic effects. Haptic effects are either triggered by emoticons or by a special input device. The
capabilities of HIM are illustrated by the following scenario. Alice wishes to talk to Bob. Rather
than the traditional method of sending Bob a text message, she sends a tickle gesture through
her input device to Bob. Bob receives a tickle from his output device and realizes that it is
from Alice, after which they start the chat session in text. Enthusiasm, dislike, and even kissing
can be simulated using different combinations of vibration frequency and amplitude. Users can
use the predefined hapticons or create their own. Hapticons were evaluated in [70]. Experiments
showed that most users have difficulty designing their own hapticons owing to unpredictable output.
However, subjects are able to match the predefined hapticons with the intended meanings with
minimal ambiguity.

FAIM and Hapticons are typical of the many attempts to enrich computer-mediated communication
channels to support affective communication. The main goal of these interfaces is to relay emotions
among parties in the conversation. Therefore, to evaluate these interfaces, researchers must measure
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the emotion expressed by the message sender and compare it with the emotion perceived by the
message recipient.

Facilitating long-term relationships. Emotions play an important role in maintaining social
relationships among humans. In order to facilitate the social role, users must communicate emotions
to one another. Therefore, the second type of affective interface facilitates long-term relationships
through affective communication. This category of affective interface largely follows the interac-
tional model of emotions: the accuracy of understanding emotion is not the ultimate priority, but
these interfaces provide a means to support users to experience the exchange of emotions with one
another.

Gustbowl is an example of an affective interface that facilitates long-term relationships. It is a non-
invasive device to maintain relationships between parents and out-of-house children [77]. Children
often leave their parents to pursue university or work. The relationship between parents and
children easily becomes less intimate with the children away. Gustbowl is non-invasive since it
builds on the daily ritual of returning home, and emptying pockets of items like keys and small
change. It reassures parents of their children’s presence when they arrive home. The communication
device consists of two identical rounded dishes to hold these items. One rounded dish, or Gustbowl,
is placed in the parent’s home and the other at the child’s home. When the child returns home, he
or she places the small items inside the Gustbowl, it detects the movement, takes a snapshot of the
items, and transmits the image to the parent’s Gustbowl. The image slowly disappears about two
hours later. The picture makes a Gust of Presence which reassures the parents without invading
the child’s daily habit.

Intimate Objects [44] are devices to communicate intimacy between couples. Intimate objects come
in two forms: hardware Physical Intimate Objects (PIO), and software Virtual Intimate Objects
(VIO). The PIO is a metal box with a button and a red LED. PIO works in pairs, pressing the
button on one PIO causes the LED of the matching PIO to glow brightly, after it which fades over
time. The brightness of the LED on the matching box is shown by a smaller LED on the side of
PIO. VIO is software that allows couples to send a one-bit message to their partners. VIO software
displays a transparent circle in the user’s task bar. When one user clicks on the circle, it causes
the partner’s circle to change to bright red. As with a PIO, the bright colour fades over time.

Affective interfaces can be applied to various aspects of human-computer interaction. Some appli-
cations follow the informational model of affect while others follow the interactional model. The
informational model aims to accurately deliver emotions between human and computer or between
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human and human. Therefore, to evaluate applications under the informational model, accurate
measurement of what emotion was expressed and what emotion was perceived is required. On the
other hand, the interactional model focuses on the overall emotion experience. Thus, evaluating
the interactional model requires measuring changes in users’ emotional states as they use the in-
terface. The following chapter describes emotion assessment techniques and how they are applied
for evaluation.



Chapter 3

Emotion Assessment Techniques

Emotion assessment is the process of measuring a user’s emotion. It has been well studied and lots
of techniques have been developed. This chapter reviews several types of measurement, showing
how they are applied to emotion assessment for evaluation of affective interfaces. Emotion assess-
ment techniques fall into three categories: self-reporting, physiological measurement, and emotion
inference from observation.

Emotion assessment techniques described in this chapter are surveyed from techniques used in
evaluations of affective interfaces. Some of these techniques came from other disciplines such as
psychology and sociology. The background of the techniques are also surveyed, and relevant details
are presented along with the techniques.

Three components of emotion. Emotion is commonly agreed to be constructed from three
components: subjective feeling, physiological response, and observable expression. Let’s dissect
these three components by reflecting on a personal experience. Try to recollect an experience
where you have experienced happiness, possibly your parents praising you for your achievements,
possibly your wedding, possibly the birth of a grandchild. The first component of this happy
emotion was the feeling itself, an abstract inner feeling of happiness. Such feelings are experiences
knowable only to the person who experiences them. In addition, when you felt happy, your face
glowed without any cognitive effort. This is the physiological response, the second component of
emotion. Bodies react to emotions in specific ways. For instance, when a person is scared, the
heart rate goes up and the body shakes. These are built-in physiological responses. The third
component of emotion is the expression of the emotion. Expression of happiness can take the form
of a smile, an audible laugh, or jumping up and down like a child. These actions express and convey
to other people that we are happy. The three components are distinct in nature, and no technique
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surveyed is able to uncover the three components simultaneously. Thus, multiple techniques are
used to get a better estimation of users’ emotions. In the following, details of the three techniques:
self-reporting, physiological measurement, and emotional inference are discussed.

3.1 Self-reporting

Self-reporting requires a user to report his or her feelings verbally or non-verbally. “How are
you feeling?” is a typical self-report question common in interpersonal communication. A person
responding to the question is given the freedom to choose the emotions which he or she would like
to report. Self-reporting is the only way to measure the first component of emotion: the subjective
feeling of a person. Moreover, with the informational model, one needs to measure the emotions a
user perceives, inner perceptions that can only be measured by self-report. Self-reporting can be
done verbally or non-verbally. Verbal self-reporting allows users to respond to a set of questions in
words. Non-verbal report, on the other hand, obtain responses from users via channels other than
language. Non-verbal question usually directly ask the users for their feelings. This technique is
often criticized as unduly subjective. Verbal report suffers from language barriers; expressiveness
varies across cultures. Furthermore, users are often reluctant to disclose their inner feelings to
researchers in order to avoid embarrassment. The difficulty in using self-reporting lies in how to
design a set of questions that can obtain an accurate assessment of the subject’s emotional state
since subjects may find it difficult to express their own feelings. The various techniques of self-
reporting, along with the problem faced and how they are being addressed by HCI researchers are
outlined.

3.1.1 Techniques

Self-reporting is very common: it is used in almost all evaluations of affective interfaces. Three
major tools of self-reporting are the questionnaire, interview, and logbook. Each comprises a set
of questions that assess respondents’ emotional states. The three techniques differ in when and by
whom the answers are recorded. Questionnaires are usually done after the session, and questions
are answered by respondents independently. Interviews are also done after the session, and an
interviewer asks the users a set of questions and record the answers. Lastly, for experiments that
require a longer duration, logbooks are given to users to record their feelings as the experiment
progresses.

Questions used in self-reports can include a pre-defined set of answers or open-ended questions.
Questions with pre-defined answer are easy to analyze since the data collected are quantitative.



CHAPTER 3. EMOTION ASSESSMENT TECHNIQUES 19

However, open-ended questions can provide information that researchers did not consider. Evalua-
tors can also prompt subjects for their emotions through direct and indirect means. The techniques
are illustrated in the following case study of evaluation of Intimate Object.

Case study: evaluation of Intimate Object

Overview. The evaluation of Intimate Object, an application described in chapter two that facil-
itates long-term relationships, was done by various self-reporting methods, including questionnaires
and logbooks [44]. Eight couples, i.e., sixteen subjects, in pre-existing long-distance romantic rela-
tionships were recruited. Based on the feasibility of implementing the technology, five couples were
placed in the VIO group, and three couples in the PIO group. Both VIO and PIO were evaluated
in the same manner. Subjects in this study were asked to use the intimate objects for a seven-
day period. User feedback was collected from participants by self-reporting techniques: pre- and
post-test questionnaires, and a daily logbook, mailed to the participants. Post-test questionnaires
were completed by participants at the end of the seven-day period. The post-test questionnaire
asked the same set of questions as the pre-test questionnaire, in addition to asking the participants
about their overall reactions to the intimate objects and any effects of the interface on the level
of intimacy in the couple. During the seven-day experiment period, subjects were asked to answer
questions in the logbook, which provided an opportunity for the subjects to evaluate and reflect on
their experience with the affective interface.

Qualitative vs. quantitative questions. The pre- and post- test questionnaires included both
quantitative and qualitative questions. Answers from quantitative questions were analyzed mathe-
matically. For instance, subjects were asked to rate the effectiveness and level of intimacy of their
current methods of communication on an unspecified scale. The difference of the intimacy score
between pre- and post-test questionnaire signals researchers of the improvement in intimacy. On
the other hand, qualitative questions were open-ended and potentially provided extra information
that evaluators did not consider. For example, in the pre- and post-test questionnaires, subjects
were asked to define intimacy in their own words. Since intimacy has different meanings to differ-
ent people, by asking both qualitative and quantitative questions, evaluators were able to use the
qualitative response to explain the quantitative data collected.

Direct vs. indirect questions. Direct questions ask directly about the subject’s emotions
whereas indirect questions ask other questions, the answers to which are correlated with emotions.
In the evaluation, subjects were asked to describe their intimacy with their partner both directly and
indirectly. For example, they were asked to rate how close they feel to their partner while using the
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intimate objects on a 7-point Likert scale. They were also asked to evaluate their intimacy indirectly
by using a season to describe their relationships. Direct questions are straight to the point; however,
since emotion is a feeling, some people might feel easier describing emotions indirectly.

From the case study of the evaluation of Intimate Objects, several self-reporting techniques and
their implementations are revealed. The following outlines two major problems in self-reporting
techniques for evaluation of affective interfaces, and how they are addressed by current evaluation
techniques.

3.1.2 Language and cultural barriers

Language barriers. Language barriers hinder the measurement of emotions because of indi-
vidual differences in the understanding and expression of emotion words. The first problem is a
difference in understanding of emotion words. Not everyone understands all emotion words in a
language. For instance, words such as frolic or geniality are not frequently used in everyday En-
glish and thus are likely not known to all participants in the evaluation. Such words tend to be
employed because the spectrum of emotions is wide. In designing an experiment, it is important
to avoid using emotion words that are not commonly used. Secondly, since emotion is a very sub-
jective feeling that is experienced within a person, even the same word may mean different things
to different people. This can be illustrated by asking a few people the question, “What does hap-
piness mean?”. People may provide diverse responses due to differences in perceiving the concept
of happiness, which illustrates that people may have different understandings of words describing
emotion concepts.

The second problem is the expression of emotions. Planalp points out studies which show that
people’s ability and willingness to express emotions varies with age, nationality (confounded with
language), and emotion [65]. People’s vocabulary often grows with age and experience, and older
people are more vivid in their verbal expression [48]. Studies have also shown that some cultures
are wordier while others are more reserved [15]. Moreover, some emotions, such as anger, are often
expressed in words, while others, like fear, are expressed non-verbally [15].

Cultural barriers. A closely related problem faced by self-report methods of emotion assessment
is cultural variation. Display rules describe cultural norms that dictate how one should manage
emotions in different situations. Display rules are taught in childhood, through observation, imita-
tion of others, and parental reinforcement [67] [2]. Here is an example of display rules described by
Porter [67]. In Asian countries such as China, Japan, Taiwan, or Korea, display rules are adapted
from Confucian principles. Under these display rules, it is improper to display emotions such as
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anger, disagreement or contempt in public situations. Such emotions should be hidden with a
smile. Since people habitually and unconsciously follow the display rules of their culture, it is
almost impossible for them to let go of them.

Another cultural barrier is vocabulary. Many emotion words have no direct translation into other
languages. For instance, the the word frustration does not appear in Arabic [67]. While there
might be an incentive to translating all questionnaires into participants’ native languages, it is a
difficult or even impossible task. A cross-culture emotion assessment is therefore difficult to do
using verbal self-reporting techniques. Therefore, it is important for researchers to understand the
language and display rules in different cultures, so as to get a more accurate approximation to a
user’s emotion state.

Solutions to language and cultural barrier

Researchers have developed solutions to address language and cultural barriers, several of which
are presented below. The first solution, Emotion ticket, specifically aims to tear down the cul-
tural barriers in the Indian culture. Anthropomorphic imagery and Sensual Evaluation Instrument
are non-verbal self-reporting techniques that bypass the language barrier by providing non-verbal
alternatives to express emotions.

• Emotion Tickets. Emotion Ticket [13] is an attempt to overcome the cultural barrier. It
is a technique that allows users to express their feelings towards technologies in the Indian
culture. The authors designed emotion tickets, which resemble cinema tickets. Each ticket
stands for a specific rasa, or emotion, in the traditional Indian culture. Rasa appear explicitly
in Hindu theatre. The design of emotion tickets reminds them of theatres, a place where
they feel more comfortable expressing their emotions. Participants are asked to record their
feelings towards technologies through selecting an appropriate emotion ticket. Since Indians
are reluctant to express emotions, using emotion tickets helps them to overcome the cultural
barrier.

• Non-verbal techniques. Because of linguistic problems in verbal reports, some researchers
provide non-verbal means through which users express their emotions. One type of non-verbal
system provides users with anthropomorphic imagery which resembles humans, a popular
scale being thumbs-up or thumbs-down ratings. Some researchers assess emotional state by
face-based Likert scales such as Wong-Baker FACES Pain Rating Scale [81]. Desmet et al.
developed this idea to create Emocard for evaluating affective response [24]. Emocards repre-
sents eight distinct emotions as pictures using the circumplex model of emotions by cartoon
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characters. Product Emotion Measurement instrument (PrEmo) provides a computer inter-
face that portrays 14 different emotions through animations [23]. Users select the animation
that best describe their affective response towards the product.

• Sensual evaluation instrument. Höök, Isbister and Laaksolahti proposed another non-
verbal technique called the Sensual Evaluation Instrument [39], currently still under devel-
opment. The goal of this instrument is to construct non-verbal representations of a set of
discrete emotions. The sensual evaluation instrument is a kit of non-representational objects
constructed from heavy candles and felt. Each object is identical except for its colour. In an
evaluation session, the objects are placed in random order in front of the users, who are asked
to move the object most resembling their current emotional state closer to them. Users are
expected to change the objects’ positions during the course of the interaction when their emo-
tions change. The research shows that some users find this very expressive for demonstrating
how they feel. However, other users find the same task difficult. Data collected using this
technique is not easy to analyze because different users can have different feelings towards
the same color. Therefore, it must be accompanied by other evaluation techniques, such as
exit interviews, to clarify what each color means to each user.

Since culture, language and emotion are tightly coupled, it is difficult for researchers to adapt their
emotion measurement technique to people of different cultures. Developing assessment techniques
for specific cultures or languages is helpful. On the other hand, raising researchers’ awareness of
how language and culture affects the expression of emotions is equally important.

3.1.3 Subjectivity and openness

The second problem of self-report is subjectivity and openness. Self-report allows a user to filter
out what he or she does not want to disclose. Because of this problem, self-report is often criticized
as subjective. A major obstacle to openness is the fear of embarrassment. Most people conceal
their emotions from people that they do not trust. Openness is determined by the relevant set of
emotion rules.

Emotion rules. Emotion rules are implicit social rules that govern the expression of emotions.
The rules are applied automatically without any conscious events. Out of politeness, we laugh at
jokes we do not find funny. Sales representatives always keep smiles on their faces, but does that
mean they are always happy? We live in a culture that teaches us to conceal and lie about our
true emotions. Culture taught us that emotion hinders our logical reasoning, and emotions should
be treated with distrust. Emotion rules govern the expression of emotion in different situations.
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These emotion rules vary depending on one’s position in society [49]. To illustrate, women express
grief more publicly than men. At funerals, it is common to see women weeping while men hold
back their tears, though they feel the same pain. Due to these emotion rules, emotions become the
deepest feeling inside us that we do not share.

Embarrassment. Moderated by emotion rules, it is embarrassing to express many deep feelings.
The fear of embarrassment also hinders the expression of emotions to researchers. To deal with
the problem, let’s look at embarrassment, and at the factors that cause people to experience
embarrassment.

Embarrassment is a “form of anxiety” [28] that is directly related to social judgement [9]. People
experience embarrassment when they receive unwanted attention, whether it results from both
favourable or unfavourable presentation of oneself [2]. Discrepancy between one’s standard of self-
presentation and one’s current self-presentation also contributes to the emotion discomfort [73].
According to the study conducted by Sattler [73], embarrassment occurs in the presence of three
factors: (1) the presence, real or imagined, of another person, (2) the awareness of being the center
of attention, and (3) the feeling of being judged. Embarrassment is experienced when people realize
others are making judgements and a feeling of self-consciousness arises, even if the judgement of
one’s self is neutral or positive [56].

Evaluation implies judgement; thus, it is difficult for participants to escape from the awareness of
being judged in an experimental situation. Researchers can minimize embarrassment experienced
by participants to encourage participants to report emotions. Saving face is the “attempt to
correct, minimize, explain away, or excuse the deficient demeanor that originally precipitated the
embarrassment” [57]. Studies in psychology and related fields suggest that observers can help users
to save face by ignoring the situation, or attempting to rebuild the recipient’s self-esteem through
support, empathy, and variations of avoidance [9] [75] [76] .

Solutions to subjectivity and openness

Since embarrassment is caused by judgement of self; embarrassment can be minimized by asking
questions that are not governed by social norms. One solution instructs participants to communicate
their emotions about neutral events. For instance, ask the participant how they feel about the
weather. Since there is generally no social norm about one’s emotion towards the weather, they
feel safe to disclose their true emotions. Four different solutions found in evaluation of interfaces are
reviewed. Mentis follows a similar concept by asking for remembered experience with the affective
interface. Cued-Recall Debrief elicit the user’s affective experience through providing memory
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cues. Relative subjective count, provides another indirect means to measure frustration without
asking for subjects’ emotions directly. Lastly, Repertory Grid Approach provides a qualitative and
quantitative way of measuring affective responses. Each of these solutions is discussed below.

• Exploration of emotion experience through memory. Mentis suggests evaluating
affective interfaces by providing cues for memories to open up users in discussing their affec-
tive response towards a system [54]. Mentis proposes that memory questions can provide an
easy supplement to exit interviews at a low cost. Directly asking for users’ emotions should
be avoided. Instead questions like “Tell me about your experience with this system” should
be asked. Researchers can specifically ask for negative and positive experiences that the user
can remember. Emotionally tagged memories have a lasting effect on humans due to physio-
logical arousal, distinctiveness of emotional events, and the extra attention and rehearsal [37].
Therefore, the experiences that users report are important to them, so researchers should pay
particular attention to the emotion reported from these experience.

• Cued-recall debrief. Cued-recall debrief (CRD) also elicits the user’s affective response
through memory [6]. CRD requires minimal equipment. The user’s activity during the
interaction with the interface is recorded on video. After the interaction session, the user
sits with a debrief facilitator to watch the video recording. The user is encouraged to give
comments during the debrief session. Bentley et al. found that CRD is effective in eliciting
a user’s affective experience [6]. They categorized the comments into positive, neutral and
negative comments, so the data could be analyzed quantitatively. However, memory recall
methods have a major limitation: it is possible that a user has a different affective experience
during the memory recall when compared to the original activity.

• Relative subjective count. Relative subjective duration (RSD) and relative subjective
count (RSC) are two quantitative metrics that measure user frustration without asking the
user to give a verbal description. Relative subjective duration was proposed by Czerwinski
et al. in 2001 [18]. It gauges users’ difficulties with tasks or interfaces without directly
asking users about the difficulty. Users estimate the length of time they spent on a task.
They habitually overestimate the duration of difficult tasks and underestimate the duration
of easy tasks. RSD divides the estimated duration by the actual duration to compute a
metric measuring user frustration or satisfaction. Relative subjective count [52] adapts RSD,
asking users to estimate the number of interruptions from the interface as a measure of user
frustration. The estimated value is divided by the actual number of interruptions. As with
RSD, users who overestimate the number of interruptions are more frustrated than those who
underestimate the value. Unfortunately, both RSD and RSC are limited to measuring the
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user’s frustration with the interface.

• The repertory grid approach. Fallman and Waterworth introduced a technique called
the repertory grid approach (RGA) that evaluates the user’s affective response to interacting
with technology [30]. This technique does not ask the user to describe his or her emotions
towards the technology. Instead, it provides an opportunity for user to describe and rate
the most salient characteristics of the interface. RGA is based on Kelly’s Personal Construct
Theory [45], which claims that humans model the world according to bipolar constructs such
as tall-short, light-heavy, cold-hot. The Repertory Grid is a matrix with rows representing
constructs and columns representing elements. In a typical evaluation, the elements are
technologies with which the subjects have experience. The RGA is a 2-step process. First
it elicits from the subjects a set of constructs, or adjectives that describe the technologies.
They are then given elements, three at a time, and asked to select one element that differs
from the other two. Then the subject is asked to describe the construct that differentiates
that element, and give a description of the commonalities in the two similar elements. The
result is a pair of bipolar constructs in the Repertory Grid. Having created a set of qualitative
constructs, the user takes the second step, in which he or she rates the elements according to
each of the bipolar constructs.

The advantage of this evaluation technique is that it is both qualitative and quantitative.
The subjects create the set of constructs in their own words, which draws researchers to
descriptions that they have not previously considered. However, cross-subject analysis of the
quantitative data is difficult, because the constructs among subjects may be different. Even
constructs that are similarly named may be, in fact, different, due to difference in usage of
words.

The above discussed solutions are attempts to resolve the problem of subjectivity and openness,
their effectiveness is to be determined. Self-reporting is an emotion assessment technique that
allows users to report their feelings through questionnaires, interviews or daily logbooks. It is
challenged by language and cultural barriers, and the subjectivity and openness of participants.
Strategies exist to ameliorate these difficulties, but fall victim to other limitations.

3.2 Physiological sensors systems

We blush when we feel embarrassed; our heart rate goes up when we are scared. As discussed
in the survey of the psychological literature, these are examples of emotions expressed through
non-verbal cues, which are in this case physiological. Physiological sensor systems are emotion
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assessment techniques adopted by HCI researchers that capture physiological responses and infer
emotions from them.

3.2.1 Physiological sensors in psychophysiology

Physiological sensors developed for recognizing emotions capture physiological signals from three
sources: the autonomic nervous system (ANS), the central nervous system (CNS), and the central
neurochemical hormone system. Most work associated with affective computing concentrate on
ANS patterns and thus the ANS is featured in this section.

Autonomic nervous system. The ANS is part of the peripheral nervous system. It is primarily
responsible for involuntary regulation of the state of organs and muscles within the body. The
ANS controls muscles in the glands and around the blood vessels, skin around hair follicles, cardiac
muscles of the heart, features in the eyes such as the iris, and organs in the digestive system
including the stomach, intestines and bladder.

Physiological variables. Several physiological variables are believed to be directly related to
emotions. A few that are popular in research includes Galvanic skin response (GSR), electromyog-
raphy (EMG), blood volume pressure (BVP), electrocardiography (ECG), and electroencephalog-
raphy (EEG), each of which is discussed below.

Galvanic skin response (GSR) is believed to be proportional to the intensity of some emotions.
It varies depending on the activity of sweat glands and is determined by measuring the electrical
resistance of the palm or fingertips. GSR measures the relative conductance of an electronic current
passed between the electrodes positioned on the hand. Increased sympathetic activation is directly
proportional to this conductance and to the intensity of emotion. However, to date, there is little
evidence that GSR can identify specific emotions.

Electromyography (EMG), blood volume pressure (BVP), and electrocardiography (ECG) provide
measurements that vary with emotional valence, i.e., whether emotion is positive or negative. EMG
is a measure of electrical pulses of muscle and is measured from muscles such as the masseter muscle,
which closes the jaw. EMG signals are easy to interpret and have medium to high reliability. BVP
measures the heart rate, using a sensor on a finger. It is easy to interpret the BVP signal. For
instance, our heart rate increases when we experience fear. However, it is unreliable because it is
sensitive to movement. ECG measures electrical impulses of the heart using a sensor on the upper
body. Its reliability is higher than the reliability of BVP, but signal processing is necessary to
interpret the signal. Electrocardiography (EEG) is a measure of electrical impulses of the brain. It
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is measured using sensors on the skull, which is very obtrusive. EEG signals are influenced by both
arousal and valence. The next section discusses applications that apply these sensors to evaluate
affective interfaces.

3.2.2 Physiological sensor systems used in evaluation of affective interfaces

When Rosalind Picard started her work in affective interfaces, she and her colleagues at MIT
tried to develop new ways of analyzing physiological response [63]. Picard called the devices she
created wearable computers. Emotion measurement is ongoing, in real-time, without interrupting
the user’s activities. Physiological variables (PVs) widely used in affective computing research
include skin conductivity (GSR), peripheral blood volume pulse (BVP), and muscle tension (EMG).
There is ongoing research to discover new PVs which could be used to measure affect. Recently,
researchers have studied measures of brain activity (EEG), eye blink activity (EOG), respiration,
and cardiovascular activity (ECG) as ways of measuring the user’s affective state [78].

AMUSE. Many physiological sensor systems have been developed for measuring emotions, most
of which measured a single PV. AMUSE is an evaluation tool for affective interfaces that gathers and
aggregates many sources of data, including eye gaze and physiological data [12]. It was developed
by France Telecom’s R&D lab for evaluating affective interfaces on Personal Computers (PCs).
AMUSE is able to record and synchronize signals from eight physiological sensors, an eye tracker,
a mouse and keyboard tracker, windows displayed on the computer, and a video recording of the
user during the interaction. Data are collected by the following modules.

1. The user’s eye gaze is collected non-intrusively by an eye tracker. The eye tracker collects
gaze position, fixation time and duration, repeat fixations, search patterns, and so on. This
information can be interpreted as measures of cognition and/or affect [79].

2. Data that characterize the user’s interaction is collected, including events such as mouse
clicks, keystrokes, new URLs, or windows opened.

3. User activity such as speech and gestures are recorded and synchronized with other data.

4. Up to eight physiological signals can be recorded continuously. Sensor information is digitally
sampled and sent to the computer via a fibre-optic cable.

5. A digital video of the test can be recorded and synchronized with other data.

AMUSE operates in three modes: preparation mode, record mode, and replay mode. In preparation
mode, the experimenter defines what data are to be recorded on which channels. In recording



CHAPTER 3. EMOTION ASSESSMENT TECHNIQUES 28

mode, users are asked to undertake a given task. Information is stored in an Microsoft Excel file for
statistical analysis. Lastly, in replay mode the synchronized data is replayed in parallel for further
analysis.

AMUSE is probably the most elaborate attempt to measure physiological signals for evaluating af-
fective interfaces, measuring physiological correlates of emotions in real time. It eliminates the lim-
itations of self-reporting techniques since physiological signals are free from subjectivity, language
and cultural barriers. However, there are limitations in evaluating interfaces using physiological
sensors.

3.2.3 Problems faced by physiological sensor systems

Evaluation of affective interfaces using physiological sensors is limited by three major problems:
the size and intrusiveness of the instruments, privacy, and the reliability of the sensors. These
limitations are discussed below.

Obtrusive instrumentation. A major drawback of this technology is that the equipment for
measurement is both cumbersome and obtrusive. The resulting clumsiness of emotion expression
might cause confounding errors to occur. To enhance user experience with the interaction, new
transparent and less obtrusive ways of monitoring PVs are needed. An example is measuring heart
rate while the user is sitting on a chair [3].

Privacy. Participants in the experiment often feel offended by the presence of an apparatus that
gauges the innermost involuntary responses. As discussed previously, embarrassment is anxiety
that results from judgement. Whether or not the instrument is obtrusive, the participants must
be informed that their physiological responses are being measured and recorded. The knowledge
of being judged may hinder their emotional experience with the affective interface.

Reliability. Despite the many attempts to relate physiological signals with emotional states,
there is little evidence that ANS patterns reliably differentiate emotional states [33]. Ginsburg et
al. report that although laboratory studies shows correlations between ANS signals and emotions, a
careful examination of the literature shows that results are inconsistent across different laboratories.
Ginsburg hypothesized that it is unlikely to find an ANS pattern that is specific for an emotion
since the primary function of the ANS is metabolic need, and not emotion expression.

Thus, although measuring physiological signals solves many problems faced by self-reporting, it
is not a perfect technique. Physiological signals should be used together with other measurement
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techniques to minimize their limitations and get a more accurate estimation of the user’s affect.

3.3 Emotion inference

Emotion inference is an informal method for inferring emotions by observing users while they are
doing an experiment. The data is either real-time observations, or video/audio recordings of users
experiencing the system. This technique requires researchers well experienced at inferring emotions.
Although there is no formal method of performing emotion inference from observations, the tech-
nique can be used to ameliorate the weaknesses of self-reporting and physiological measurements
for capturing emotions.

Implicit channels

Studies show that emotions are communicated implicitly, without the user being conscious of emo-
tion expression. Kelly and Barsade [46] suggested that in implicit emotional contagion, individuals
are not aware of the emotional sharing process taking place. Emotional contagion is the process
through which the moods and emotions of one individual are transferred to another through the
display of cues to emotions [36]. Brennan, in her book, The Transmission of Affect, also argues
that humans are normally aligned with others, which influences their physiology and experience.
This provides evidence that when a user is being interviewed or watched, researchers are able to
implicitly pick up emotions experienced by the user.

Explicit channels

Communicating emotions explicitly means that the user consciously knows that they are giving
others cues to their emotions. Research on emotions is often organized according to the cues or
channel in which the emotions are expressed. Many different forms of emotion cues are discussed
in detail in the remainder of this section, including facial cues, vocal cues, body cues, and verbal
cues.

Facial cues. No one will disagree that facial expression depicts emotions. Darwin’s book, for
example, put a strong emphasis on facial expression. He believed that expressions of emotion are
entirely reflected on our faces [21]. Ekman and Izard intensively studied facial expression as an
indication of people’s true emotions in the 1960’s. Later, Scherer et al. discovered that people
mention facial cues when asked how they recognize the emotions of others [74]. Emotions are thus
expressed through facial cues which are perceived by others as indications of emotions [65]. The
next logical question to ask is: How accurate are judgements of other’s emotions based only on facial
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cues? More recent studies show that there is no one-to-one relationship between the appearance of
one’s face and one’s emotions. Facial cues are definitely one of the tools, but cannot be used as a
gold standard of emotions [5].

Vocal cues. Vocal cues are less commonly recognized cues to emotions. Nevertheless, they are
important cues in conveying emotions. Studies conducted in the 1980s by Shaver et al. and Wallbott
et al. showed that people express and observe others expressing emotion through cadence, tone,
and volume of voice [65]. Pittam and Scherer found that vocal cues are based on volume, pitch,
and rhythm. They showed that vocal cues express anger, fear, sadness, joy, disgust, boredom, and
contempt [64].

Research in this area is on-going; more recent research studied vocal cues in finer detail. For
example, Aubergé and Cathiard studied the prosody of amusement [4]. They showed that audio
modality carries a strong amusement signal. In other words, manipulation of the prosody of speech
expresses amusement. Gobl and Chasaide [10] studied voice quality in expressing emotions. They
studied listeners’ reactions to seven voice qualities including a harsh voice, a tense voice, a modal
voice, a breathy voice, a whispery voice, a creaky voice and a lax-creaky voice. They discovered
that voice quality is more effective at expressing mild emotions rather than strong ones. Certainly,
vocal cues play a role in human communications of emotions.

Body cues. We also express our emotions through other body cues. Studies show that for some
emotions, expression through body movement is as common as facial or vocal expression ([74][Table
1.9, p.23]).

Emotions are expressed through body movements, including approach and retreat. The first way
is our body movement. We jump up and down when we are happy, tighten our hands or fists when
we are angry, and so on. Diagonal and angular movements, such as walking with a heavy tread,
convey threat; and round patterns, such as arm swinging, convey warmth [65]. We also tend to
move towards or away from other persons. Frijda et al. showed that this tendency to move towards
or away from another, is central to the definition of emotion [65]. Recently, Coulson [16] carried
out a study showing that static body postures also express emotions.

Multiple cues. As mentioned above, people express emotions through facial, vocal, body, and
verbal cues. Theses cues often work in combination to convey emotions. For instance, Aubergé and
Cathiard showed that expression of emotion through facial and vocal cues are neither independent
nor redundant [4].
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Planalp, DeFrancisco and Rutherford [66] studied how people interpret other people’s emotions.
They asked subjects to fill out a questionnaire when they first perceived another emotion. Subjects
were asked to describe, “how they could tell” that the other person was feeling an emotion. Almost
all subjects reported multiple cues. While a few people reported using only one cue, just as many
reported using more than ten cues. The modal number of cues used was four. Common cues
observed were vocal cues, implicit verbal cues, and facial cues. Interestingly, explicit verbal cue,
such as saying “I am happy”, are extremely rare. They also reported people perceive multiple
emotions at the same time, which indicates that mixed emotions are common.

3.3.1 Problems with emotion inference

Emotion inference techniques are able to pick up emotion cues that are not measured by self-
reporting and physiological sensors. However, there is no systemic way of measuring emotions
through observations and thus subjectivity hinders the accuracy.

The difficulty of emotion inference. Interpreting one’s emotion from observations requires
experience. No standard way of inferring one’s emotion from observable cues exists. Emotions
are often expressed through multiple cues. However, in my research, I found no recent system-
atic study of how emotional cues combine. Planalp [65] suggests that multiple cues are difficult
to summarize because they depend on many factors, such as the specific situation, whether the
emotion is expressed in public or private, whether the emotion is posed or spontaneous, and how
emotions depend on sex and ethnicity. As discussed, people of different cultures have different body
expressions of their emotions. For instance, a smile is a token of happiness or friendliness in North
America, while Asians, such as Japanese, use a smile as a way to cover their true emotion [67] [53].

Subjectivity. Emotion inference is a subjective technique that cannot be trained systematically;
it must be learned through experience. As a result, different people can interpret different emotions
from the same observation. The deeper the observer knows the person observed, the easier it is
to infer their emotions. However, in a laboratory setting, it is rare that the observer that the
participants well enough to be able to infer their emotions accurately. Thus, emotion inference
from observation is often only used as a guide to support and explain other sources of data.

In this chapter, three forms of emotion assessment techniques are introduced: self-reporting tech-
nique, physiological sensors, and emotion inferencing from observations. Each type of emotion
assessment technique can provide different data from users. Self-reporting can reveal subjective
feelings and the emotion perceived from the message by the message recipient. Physiological sensors
measure the involuntary bodily response associated with emotions. Emotion inference techniques
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pick up non-verbal emotion cues. However, none of the emotion assessment techniques has been
proven to accurately measure emotions. Therefore, it is common for evaluators to use a combina-
tion of techniques to obtain a more accurate emotion assessment. Combining data gathered from
different sources is difficult and may lead to conflicting results.



Chapter 4

Proposals

Affective interfaces are evaluated using a variety of emotion assessment techniques. As discussed in
Chapter 3, the three categories of emotion assessment techniques are self-reporting, physiological
measurement, and emotion inference through observation. These techniques provide direct or in-
direct means to measure the three components of emotion, but there are many possible errors and
weaknesses with each measurement technique. This section addresses additional problems of emo-
tion measurement in evaluation, disregarding the weaknesses of emotion assessment techniques. In
this chapter, it is assumed that the emotion assessment techniques are free from errors, allowing us
to explore the problems of using emotion assessment techniques in evaluation of affective interfaces.

Measurement

Evaluating affective interfaces of the informational and interactional models provides three measures
of emotion. Before further discussing evaluation problems, a recap of the measurements is presented.
The three measures of emotions are:

1. the user’s affective response from interacting with the interface,

2. emotion expressed to the interface, and

3. emotion perceived from the interface

The user’s affective response from interacting with the interface is beneficial in both the infor-
mational and interactional models. It provides the interface designer with the information about
likability, acceptability, and other affective responses aroused by the interface. To evaluate an in-
teractional model, it is essential to know how much the user is engaged in the interaction and how
they experience the emotion that was designed into the interaction, which can be determined by
measuring users’ affective responses.

33
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Emotion expressed to and perceived from the interface are measures that are essential for evaluating
affective interfaces under the informational model, which treats affect as information that can be
transmitted and perceived by the interface. Evaluating an informational model is necessary to
ensure that communication has taken place, that the message sent is the same as the message
received. To ensure this emotion communication takes place, one must prove that the emotion
expressed is the same as the emotion being perceived.

Using emotion assessment techniques for evaluating affective interfaces presents two major prob-
lems: confounding and the absence of a universally accepted emotion representation. Confounding
error is that a single outcome may be the result of several possible causes that cannot be dis-
tinguished. Emotion representations used by various evaluations are often different. This makes
benchmarking of different studies almost impossible and thus weakens the reliability and validity
of the evaluations. The difficulties and proposed solutions are discussed in this chapter.

4.1 Confounding

4.1.1 Difficulties

Confounding happens when two or more factors contribute to an outcome, so that the experimenter
cannot isolate which, if any, is the cause of the outcome. Emotion assessment measures emotions;
however emotions are easily influenced by many factors. The two major sources of confounding in
evaluation of affective interfaces are factors from the external environment and experiment-related
factors. Even emotion assessment techniques that accurately measure emotions are subject to
confounding factors.

External environment factors

Emotions are strongly affected by the external environment, which encompasses all factors outside
of the experiment that influence the user’s emotions or mood. Factors can range from the colour
of one’s clothing, music that one has been listened to immediately prior to the experiment, news
heard on the radio, occurrence in one’s family and social life, and so on.

The external environment affects all three measures. For example, a user is more likely to be
content in the presence of a new interface if he or she experienced positive emotions before entering
the experiment. Similarly, the user is more likely to be frustrated by the new interface if he or she
experienced a negative emotion. Similar observations apply to emotion expressed and perceived.
A friendly smile expressed by a person experiencing positive emotion is more likely and more
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positive than a smile expressed while experiencing negative emotion. Furthermore, when perceiving
emotions, users tend to perceive more positive emotions when they are in a good mood and tend
to perceive more negative emotions otherwise.

Experiment-related factors

Experiment-related factors can influence participants’ emotions, because the experimental envi-
ronment is unfamiliar. Experiments often cause anxiety or frustration for the participants, which
influences their affective interactions with the interface. Experiment-related factors can be sepa-
rated into two types according to the timing of emotion measurement: measurements made during
the interaction, and measurements made after the interaction.

During the interaction. Emotion assessment may be done during the interaction, at the cost
of the measurement affecting the participant’s emotions. Some self-reporting techniques measure
emotions during the interaction, such as the emotion assessment performed by Conati [14]. In
her study, the self-report questions appear as a pop-up window that asks for the user’s emotion
at that particular instant of time. However, as Conati points out, this procedure is risky because
it disturbs the interaction and thus influences users’ emotions. Physiological sensors suffer from
similar problems because they are often obtrusive. The obtrusiveness of the instrument is often
a factor that influences the user’s emotions. Lastly, emotion inference can also influence users’
emotions. In emotion inference, users’ actions are recorded during the interaction, which, because
of ethical and privacy issues, requires the user’s consent. Although there is no disruption of tasks
or obtrusive measurement, just being judged causes anxiety and fear of embarrassment. Thus, all
three kinds of emotion measurement techniques used during the interaction can influence a user’s
emotions causing confounding errors.

After the interaction. Emotion assessment taken during interaction has a direct effect on users’
emotions; on the other hand, measuring emotions after the interaction is also prone to errors.
The only emotion assessment technique that directly measures the user’s emotions is self-emotion
assessment. After interacting with an innovative interface, most users know what is being evaluated
and what the experimenter hopes to hear. Social desirability drives users to provide more pleasing
answers to researchers than their genuine feelings. This would cause a serious flaw in the evaluation
process.
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4.1.2 Minimizing confounding errors

The solutions that isolate confounding variables for affective responses, emotion expression and
emotion perception are different, thus solutions to the measures are discussed separately.

Solutions to measuring affective response

External factors. To isolate external environment factors, researchers can focus on the change
of emotion elicited by the interface. Affective response can be easily affected by the participant’s
emotions before entering the experiment, but researchers can minimize the problems by assessing the
participant’s emotions before the experiment. At the end of the experiment, the same assessment
is made. Instead of interpreting the absolute emotions observed after the interaction, the difference
between the emotions before and the emotions after the experiment is studied. While it is difficult
to measure the exact change of emotion, researchers can determine whether the participants is
affected positively or negatively. Nevertheless, although the confounding variable can be removed,
this solution does not provide an exact emotion assessment, which some experiments may require.

Experiment-related factors. Experiment-related factors can be separated by whether the mea-
surement is made during or after the interaction. Solutions of the two factors are discussed below.

From the above discussion, it is inescapable that measurements taken during the interaction in-
terfere with the user’s experience with the interface. To lessen the experiment-related factor, it is
necessary to ensure that the experiment environment is one to which the participant is strongly
habituated. Thus, the only measurements that seem appropriate are non-intrusive physiological
ones, such as measuring heart rate while sitting on a chair [3]. Because many current physiologi-
cal measurements fail to produce reliable results [14], this measure should be augmented by other
techniques, such as self-reporting techniques done after the interaction.

The validity of an emotion assessment made at the end of the experiment is most significantly
influenced by social desirability. Social desirability refers to the desire of the participant to project
a desirable and pleasant image to others. The effect of social desirability can be minimized by
asking indirect questions and by increasing the confidentiality of users’ responses.

Indirect questions are a popular means of avoiding social desirability bias in self-reporting. Indirect
questions are structured, projective questions whereas direct questions are structured and personal
[31]. For instance, instead of asking “Do you enjoy interacting with this interface?”, a researcher
can ask “Would you like to participate in a program that allows you to use this interface for a
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longer period of time?”. Users who have had a positive experience with the system are more likely
to consider entering the program than those who had a negative experience with it.

Another technique is to increase and ensure the confidentiality of users’ responses. One technique is
to inform users that a random fraction of the responses will be discarded. For instance, researchers
can randomly select ten percent of the responses in the analysis. By ensuring and increasing the
confidentiality, users are likely to give honest responses, especially towards personal questions.

Solutions to measuring emotion expression

Confounding error in the measurement of emotion expression is easier to cope with. External
environment and experiment-related factors also influence the expression of emotion. The result
is participants expressing emotions different from the one researchers would like them to elicit.
However, this does not affect the overall evaluation, because the experiment measures a user’s
expressed emotion and compares it to the emotion perceived by the message recipient. The emotion
expressed, whether or not it is influenced by external or experiment-related factors, is the emotion
that researchers would like to measure. Therefore, this problem is not an obstacle to emotion
expression assessment. However, researchers should perform a pre-experiment emotion assessment
to give a baseline measurement against which the result is interpreted.

Solutions to measuring emotion perception

External environment and experimental-related factors influence emotion perception in ways similar
to how they influence emotion expression. Researchers may again take an emotion assessment prior
to the experiment as a baseline measurement to use as a guide when interpreting the result.

An alternative solution to the problem discards emotion perception assessment. Imagine in a face-
to-face conversation where Amy is having a conservation with Brian. Amy is happy when the
conversation starts. Brian asks how Amy’s boyfriend is doing. Amy starts crying without telling
Brian that they just broke up. Although Brian does not understand why Amy suddenly cries, he
tries his best to comfort her. From this example, we can see that our reaction changes when we
perceive a change of emotion in the other party in a conversation. If Brian did not realize Amy’s
sadness and continued the conversation as if nothing had happened, we would say that Brian is
insensitive to emotions; that is, he failed to perceive the emotion properly. Thus, in such cases,
emotion perception does not need to be measured accurately. Considering the interaction as a
whole, researchers can find cues to evaluate whether emotion perception occurred accurately.

Solutions to minimize confounding errors are discussed above. Emotions can be easily affected by
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the external environment and experiment-related factors. Therefore, the measurement of affective
response, emotion expression and emotion perception is easily confounded by these factors. It is
difficult to eliminate confounding errors but methods of minimizing the errors are discussed. The
next section discusses a second problem of evaluating affective interfaces with emotion assessment:
lack of a universal representation of emotions.

4.2 Lack of a universal representation of emotions

4.2.1 Difficulties

In current evaluation of affective interfaces, different emotion scales are adopted in different stud-
ies. Thus, benchmarking between studies is almost impossible. Moreover, comparison of emotion
expression and perception is difficult and results are less reliable.

Current practices. Following emotion assessment, an objective representation of the emotion,
preferably a quantitative one, is required to record the emotion measured. Unfortunately, there is
no consensus on a single emotion representation. Not surprisingly, each evaluation surveyed used
a different scale, uncalibrated to any of the others. Several observed emotion representations are
listed in Table 4.1.

Evaluation method Emotion representation

Relative Subjective Count [52] a numeric value indicating users’ frustration

Sensual Evaluation Instrument [39] undetermined number of discrete emotions

Emotion in a ticket [13] 9 discrete rasa (emotions)

Cued-Recall Debrief [6] positive, negative, or neutral comments

Emocards [24] [69] 8 discrete emotions on the circumplex of emotions [72]

AMUSE [12] no specific representation, open to interpretation

Table 4.1: A summary of the different representations used in current evaluations

Current evaluation techniques offer a wide range of different emotion representations. Relative Sub-
jective Count records only one emotion (frustration) on a one dimensional intensity scale. Sensual
Evaluation Instrument and Emotion in a ticket records measurement with discrete unquantified
emotions, with the number of discrete emotions differing from study to study. Cued-Recall Debrief
simplifies the discrete emotions into only three: positive, negative, and neutral. Emocards follows
the circumplex of emotions, a two dimensional model which is described in Section 4.2.2. Some
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evaluation techniques, such as AMUSE, do not provide an emotion representation, they are open
for the evaluator to find a suitable measure. The variability of emotion representation among eval-
uation techniques makes comparison and benchmarking of affective interfaces difficult; reliability
and validity of the evaluations are also questionable.

Benchmarking. The lack of a universal representation of emotion makes benchmarking of affec-
tive interfaces difficult, or even impossible. Since affective interfaces are evaluated under different
evaluation schemes, it is impossible to compare the user’s affective responses and the relative success
of emotion communication in different affective interfaces.

With a universal quantitative representation of emotion, data could be analyzed statistically across
experiments. To compare affective responses, the affective responses collected from users would
be mapped onto this representation. For instance, if the interface aims to make a user happy, an
interface performs better than another when a greater percentage of users are reacting towards
that part of the emotion representation. Benchmarking the correctness of emotion expressed and
emotion perceived is also only possible when all evaluations use the same representation of emotions.

Reliability and validity. A universal representation of emotion strengthens the reliability and
validity of evaluations. Reliability and validity here refers to the general believability of the evalu-
ation. For instance, a question that should always arise when investigating evaluations of affective
interfaces is the sample population, which is the group of participants in the experiment, of whom
the researchers attempt to measure the affective responses, expressed emotion, or emotions per-
ceived. The sample population appropriate for an experiment may be selected in many ways, but
should respect the purposes of the interface. Some emotion recognition applications, such as [51],
recruit actors to evaluate the interface. However, it is often believed that actors exaggerate the ex-
pression of emotions, which may compromise the results of the evaluation. Are emotions expressed
by actors close to the emotions expressed by the target population? That is, would the experiment
results be the same if the sample population did not include actors? In fact, similar problems exists
in evaluations that do not employ actors, because emotion expression is different from person to
person owing to individual differences. Evaluations often recruit whatever participants are easily
accessible, such as graduate students [82], or by advertising [6], but where are the advertisements
posted? Since there are many variables that affect emotion expression, it is difficult for evalua-
tors to argue their sample population is appropriate. A universal representation of emotions can
help researchers handle this problem by supporting emotional characterization of possible sample
populations.
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4.2.2 Common emotion representation

No doubt the answer to the above problems is a universal scale of emotions. A universal emotion
representation can be extracted from the current scientific literature or created ab initio. The ex-
isting scientific literature of emotions offers several approaches to emotion representations: discrete
representations, dimensional representations, and the prototype representations.

Discrete emotions representations

Discrete emotions representations identify a set of basic emotions from which emotion experiences
are constructed. These basic emotions are distinct from each other and are identifiable by dis-
tinct biological and physiological properties [35]. According to this view, non-basic emotions are
combinations of the basic emotions. A famous model is Ekman’s model which identifies six basic
emotions: happiness, sadness, fear, surprise, anger, and disgust [29]. Izard, on the other hand, pro-
posed a long list of basic emotions [41]: interest, joy, surprise, sadness, anger, disgust, contempt,
fear, shame, shyness, and guilt. Another well-known approach is the OCC model by Ortony, Clore,
and Collins [59]. The OCC model is an appraisal model that proposes 22 discrete emotions. The
discrete emotions are grouped according to their eliciting conditions: consequences of events, ac-
tions of agents, or aspects of objects. The eliciting conditions correspond to the three ways people
react to the world. Emotion is appraised according to the intensity variable and knowledge asso-
ciated with the three eliciting conditions. Details of the appraisal process is out of the scope of
this essay. All discrete emotion representations outline a set of basic emotions, which differs across
representations. A specific emotion is represented by a subset of these basic emotions.

Dimensional representations

Dimensional representations specify emotions according to their position in an n-dimensional space.
Each dimension measures a differentiating feature. The most popular dimensional approach is the
two-dimensional arousal-valence scale [50]. The valence scale ranges from negative to positive
emotions; arousal defines the activity of the emotion and ranges from calm to excited. A similar
model is Russell’s two-dimensional circumplex model [72]. Russell’s model uses the same arousal-
valence scale, emotions are arranged in a circular structure centered on this scale. Thus, emotions
that are across from each other on the scale are inversely correlated. Daly et al. added emotion
intensity as the third dimension to the two-dimensional scale [19]. Emotion intensity defines how
strong the emotion is. Intensity sounds similar to activity, but they are in fact very different.
Activity defines the physiological activity whereas intensity defines how far the specific emotion
is away from neutral emotion. For example, depression is an emotion characterized by negative
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valence, low activity, and high intensity [35]. Multi-dimensional approaches with more than three
dimensions also exist [35]. Dimensional approaches of emotion taxonomy differ in the dimension
space that the models define and no model is immune to criticism.

Prototype representations

The prototype representation is a compromise between discrete and dimensional representation
[35]. Prototype offers a hierarchy that groups similar emotions into families, each family being
subdivided into small subsets. This categorization is similar to the Linneau classification of animal
species. Distinct families are differentiated by emotion valence, elicitors, functions, and expression.
Within each family, the emotions are further subdivided into groups.

A variety of emotion representations exist in the literature surveyed, and there is no consensus on
a universal representation of emotions. However, a universal representation of emotion is essential
for evaluating affective interfaces, in order to benchmark and strengthen the results. Much collab-
orative effort in the research community is necessary to advance the goal of a common emotion
representation.

4.2.3 Problems of a common representation

Constructing a common emotion representation solves the problems of benchmarking and strength-
ens the evaluation results. However, implementing a common representation is problematic. Two
problems are calibrating emotion assessment techniques and evolving the emotion representation.

Calibrate emotion assessment techniques

Once a common representation is achieved, the next step is to calibrate current techniques onto the
new scale. Calibration is the process of mapping the measurements onto the common representation.
This is an essential step since it ensures that emotion assessment techniques measure in terms of
the universal standard. Since there is a large range of different target users and applications to the
affective interfaces, different emotion assessment techniques are employed. Often triangulation is
followed so there is more than one emotion assessment technique employed in a single evaluation.
Thus, all of these techniques need to be calibrated.

Despite the need to calibrate emotion assessment techniques, this is a very difficult task. Some
emotion disorder scales used in clinical psychology are calibrated. The effort to callibrate these
scales is very time consuming. Moreover, scales used in clinical psychology often gauge only one
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emotion disorder, such as depression; our hypothesized emotion representation requires a compre-
hensive representation of emotions. This further complicates the problem in evaluating affective
interfaces.

Evolvability of the emotion representation

An important characteristic of the common emotion representation is evolvability. If an emotion
representation is in place now, it is based on current knowledge about emotions. But knowledge in
such an undeveloped research area is certain to evolve. Thus, a common emotion representation
must be able to adapt to new knowledge without hindering the validity of existing evaluations.
However, it is not likely to be possible to predict innovations in emotion research into an indefinite
future. The tension between making the scale generic for ease of evolution, and making the scale
specific for precision of measurement arises. The most difficult problem is to reach a balance.

This chapter addresses two problems of using emotion assessment techniques for the evaluation of
affective interfaces. The two problems are confounding errors and the absence of universal emotion
representations. Confounding factors can come from environment or experiment related factors.
Although they are inevitable, they can be minimized by careful experiment design. A universal
emotion representation does not exist at present, even in embryo. However, even an approximation
would be very helpful to evaluations to make possible benchmarking and comparison, and to im-
prove reliability and validity. An easily evolvable emotion representation has to be selected. Each
emotion assessment technique has to be calibrated onto this new scale. Unfortunately, calibration
is very difficult and expensive. Also, it is difficult to find a balance between evolvability and pre-
cision. Unfortunately, a generic, evolvable scale may be insufficient for evaluation, while a precise
and specific scale cannot accommodate future discovery of new emotions. Evaluation of affective
interfaces with emotion assessment techniques has far to go before it achieves perfection.
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Discussions

5.1 Summary

Affective interfaces improve human-computer interaction by supporting affective communication.
They enrich human-computer and human-human communication channels by supporting the ex-
change of emotions. They are becoming increasingly popular in research because of the potential
they offer. The main models of affective interfaces are the informational and interactional models.
Informational models of affective interfaces focus on transmitting emotion-tagged message from
one to another. Therefore, to evaluate this type of affective interface, one has to measure the
emotion expressed by the sender, and compare it to the emotion perceived by the receiver. Interac-
tional models, on the other hand, concentrate on the user’s emotional experience in the interaction.
Communication of emotions can be effective, even though ambiguity means that expression and
perception accuracy may not be important. To evaluate interfaces under the interactional model,
the user’s affective response has to be measured to determine how they respond to the interface.
Thus, emotion assessment is inevitable in evaluating affective interfaces under the informational or
interactional model.

Three main types of emotion assessment techniques are discussed: self-reporting, physiological
sensors, and emotion inference from observations. These three emotion assessment techniques are
employed in current evaluations of affective interfaces. Self-reporting allows users to express their
emotions through verbal or non-verbal means. However, this technique suffers from problems of
language, culture, and subjectivity. Physiological sensors, on the other hand, provide an objective
measure of physiological signals. This measure is free from language and cultural problems. How-
ever, the instruments are often obtrusive and thus hinder a user’s experience with the interface.
Furthermore, the reliability of these sensors is questionable since the mapping of sensor output onto
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emotion is not standardized. The last technique in emotion assessment is inferring user’s emotions
from their observed behaviour. This technique can pick up emotion cues that cannot be measured
by self-reporting or physiological signals. However, it is a technique that requires experience and
objectivity in the observer. Since each technique has its advantage and disadvantages, it is common
to employ more than one of them.

Although no emotion assessment technique is perfect, emotion assessment is widely used to evalu-
ate affective interfaces. Employing emotion assessment techniques to evaluate affective interfaces is
open to two major problems: confounding errors and lack of a universal representation of emotions.
User’s emotions can be easily affected by the external environment and experiment-related factors.
Users who come into the experiment after a bad day react differently towards the interface com-
pared to users in a good mood. Moreover, experiment-related factors, such as intrusive measuring
apparatus and anxiety created by the experiment environment also contribute to measurement er-
rors. Suggestions for minimizing these confounding errors are discussed, but it is very difficult to
measure one’s emotions with perfect accuracy. The second problem in using emotion assessment
techniques for evaluation is the lack of a universal representation of emotions. Comparison and
benchmarking of affective interfaces is very difficult without such a representation. The reliability
of the evaluations is also weakened. Different emotion representations exist in the literature but no
consensus exists. It will be a long road for researchers to achieve this common representation.

5.2 Significance

This essay reviewed various affective interfaces and emotion assessment techniques used to evaluate
these interfaces. Although the review is not comprehensive and may exclude emotion assessment
techniques that are newly developed, all techniques reviewed are mature techniques that are widely
accepted. One significant finding in this review is the problem of accuracy in emotion assessment
techniques and its impact on evaluation of affective interfaces. In the survey of emotion assessment
techniques, there are few promising results. Since most affective interfaces use emotion assessment
techniques for their evaluations, the accuracy of these techniques is essential. However, the problem
of accuracy seems to be overlooked in all evaluations surveyed. This problem is mainly due to the
difficulty of developing the concept of accuracy in emotion assessment.

Defining accuracy. Since emotion is an abstract construct, defining accuracy of emotion as-
sessment is difficult. Due to the nature of emotions, it is difficult to define what is an accurate
assessment of emotions. Picard suggested that to evaluate the accuracy of emotion recognition of
a machine, experimenters should compare its accuracy with emotion recognition of humans [62].
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However, the accuracy of emotion recognition in humans is also poorly defined. In face-to-face com-
munication, perceiving the emotions of others partly depends on one’s skill, and partly depends on
how well you know the other person [58, p.139]. To test whether one can perceive others’ emotion
correctly, Oatley suggested using a daily logbook. The subject keeps an emotion diary while the
observer keeps a diary of what he or she perceives the subject is feeling [58]. This is the technique
used in evaluation of the informational model, and again, it is prone to errors faced by self-reporting
techniques. The concept of accuracy is perhaps still underdeveloped in the psychological literature
and thus remains too immature to be applied in computer science.

Abstract nature of emotions. A second factor that contributes to the difficulty of improving
accuracy is the abstract nature of emotions. To apply emotion assessment techniques for evaluating
affective interfaces, we need to measure and quantify the abstract construct of emotion. Measuring
emotions is then a quest to map the abstract world of emotions onto a mathematical, quantitative
measure. Without a quantitative measure, it is difficult to evaluate whether an emotion assessment
technique is accurate. Various models of emotion representations are presented. However, none
of them is agreed to be a universal, comprehensive representation of emotions. This shows that
current knowledge about emotions is not concrete enough for researchers to model emotions.

Perception of emotion. Adding to the difficulties, the basic assumption of emotion assessment
follows the questionable informational model of affective interfaces. The informational model treats
affect as a piece of information that can be transmitted from one person to another without error;
emotion assessment also assumes that it is possible to measure one’s emotion accurately. However,
this model is criticized by some researchers such as Boehner et al. [8], which indicates that the
informational model, specifically accuracy of assessing one’s emotions, is questionable and still
under debate in the research community. Since the basic assumption of emotion assessment is not
solid, employing this technique for evaluation is vulnerable to criticism.

Improving evaluation techniques. Developing good knowledge of the concept of accuracy in
emotion assessment is essential for the evaluation of affective interfaces. However, due to the nature
of emotions, it is difficult to determine the accuracy of emotion assessment. Applying emotion
assessment techniques to affective interface evaluations is open to pitfalls. Evaluators of affective
interfaces can follow a pessimistic approach, accepting these pitfall as limitations. Nevertheless, a
more pro-active alternative is open to researchers: improve the evaluation techniques.
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5.3 Future work

The above discussions reveals a long route to improving the evaluation of affective interfaces:
researchers must gain a deeper understanding of the concept of emotions and come to a consensus
on the accuracy of emotion assessment. This long-term goal can be divided into a set of short-
term goals. In the short-run, before accuracy of emotion assessment can be precisely defined,
evaluators must devise ad hoc heuristics for evaluation. These ad hoc heuristics must be agreed by
all researchers. To achieve this, open communication and extensive collaboration among researchers
is fundamental. Heuristics employed by other researchers must be openly communicated. Thus,
methodological details of the evaluation of affective interfaces is as important as the implementation
of the affective interface. The following suggests some details of evaluations that should be included
in publications about affective interfaces.

To open up the platform for collaboration, researchers should reveal details of the evaluations. For
self-reporting techniques, details of the questionnaires should be revealed. This includes setup of
the questionnaires, questions asked, why the questions are included in the questionnaires, and how
the answers are analyzed. For physiological sensors, in addition to what signals are being measured,
researchers should also include how the signals are interpreted and how they are mapped to the
selected emotion representation. For emotion inferring techniques, how observations are done should
be objectively described. These are suggestions for material to be included in publications using
the three evaluation assessment methods. Revealing details of the evaluations allow researchers
to learn evaluation techniques from each other. Only through collaboration can researchers reach
a consensus in defining accuracy in emotion assessment and gaining a deeper understanding of
emotions.

Affective interfaces are of growing interest to researchers. Evaluation of these affective interfaces is
very important to ensure that research on affective interfaces is going in the right direction. A lot of
unanswered questions in the evaluation of affective interfaces exist but few attempts are being made
to answer these questions. What can we do to remedy this problem? From the above reviews, it is
clear that emotion assessment is not yet a mature technique for the purpose of evaluation. In using
emotion assessment techniques for evaluating affective interfaces, we need to measure emotions
which is an abstract construct. Emotions is perhaps still too abstract for researchers to quantify
on the basis of the current knowledge. The question introduced in the beginning of the essay - Is
research going in the right direction? - can only be answered through convincing evaluations of
affective interfaces.



Bibliography

[1] G. Aist, B. Kort, R. Reilly, J. Mostow, and P. Picard. Experimentally augmenting an intel-
ligent tutoring system with human-supplied capabilities: Adding human-provided emotional
scaffolding to an automated reading tutor that listens. In Proceedings of the ITS 2002 Work-
shop on Empirical Methods for Tutorial Dialogue Systems, 2002.

[2] P. A. Andersen and L. K. Guerrero. Communication and emotion in social interaction. In P. A.
Andersen and L. K. Guerrero, editors, Handbook of Communication and Emotion: Research,
Theory, Applications, and Context, pages 49–96. San Diego: Academic Press, 1998.

[3] J. Anttonen and V. Surakka. Emotions and heart rate while sitting on a chair. In Proceedings
of the SIGCHI conference on Human factors in computing systems, pages 491–299. New York:
ACM Press, 2005.
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