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ABSTRACT

This paper presents a model for simulating emotam
personality in interactive systems. This paper esgthat by
introducing simulated emotional responses and stat@mics
to future systems, they will provide a more lifeeli engaging
and interactive experience to their users, andigeoa more
effective and efficient user interaction. Furthiy, simulating
Emotional Intelligence in a system, a developer imayble to
provide a more tailored user experience, and beiged with
more control over the outcome of a user’s inteoactiith their
system. Emotion theory and expression are exploaed, a
model is presented based upon emotional
Implementation of this model is then presentedremeelligent
back end process that utilises dynamic video straaalysis
that feeds into an interactive display. The propgosgstem, and
its hardware implementation is presented, followeg a
discussion of future areas of research.

Categoriesand Subject Descriptors
H.5.2 [User Interfaces]: User Centered Design.

General Terms
Design, Experimentation, Human Factors, Theory.

Keywords
Human-Computer Interaction, Interaction Design, &emnent,
Vision System.

1. INTRODUCTION

Research into intelligent machines aims to prodoaelware
and software that can support humans in their elagrjasks,
and provide a user experience that is both adaptive
transparent in its execution. Providing machinet wimulated
emotional intelligence and human-like mannerisntuires a
paradigm shift in human’s perception of softwared an
computers in general. If technology and electratevices are
to be designed to become an integral part of hulif@nthen
many factors need to be considered before thee wan
become transparent.
simulated emotional intelligence into system design have a
positive impact on the user experience, and trexgfieness of
its use.

2. BACKGROUND
2.1 Emotion Theory

The current literature on emotion theory lacksemclefinition
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states.

Introducing human expressiod an

of what constitutes an “Emotion”, with over a hueddifferent
definitions proposed [1]. However, for the purposéthe topic
of this paper, the term “Emotion” will be used tesdribe the
reactive processes that occur as a result of tlemgrhenon
loosely labelled as an “Emotion”, and the resulthef

experience given by such reactions. Russell (2@@écribes
such an understanding of an Emotion as “Emotionc€pts”,
where even though we are unable to provide a stfahition
for the phenomenon labelled as an Emotion, we @n gn
appreciation of the term through our general urtdading of
it. This is generally achieved by the experiencé¢hef reaction,
or as termed by Russell (2004), the “Event” thatuss as a
result of experiencing an emotion. These reactihas result
from an emotional experience are generally categdrinto two
fields of study on the subject. It is argued tliatEmotions are
Cognitive (The mental aspect), and 2) Emotions Ringsical
(The bodily aspect) [2]. Damasio (1994) argues there are
primary and secondary emotions. Primary emotiomsthose
emotions that are stimulated through environmefdators.
They occur automatically as a reaction to the dtisjuand are
followed by an induced cognitive state. Secondangteons are
those that are learned reactions occurring froneagnised
correlation between a primary emotion and the emwvirental
factor that induces it. For example, attributinglifegs of grief
and sadness at the death of pet, or exhilaratigowatfavourite
team scoring the winning goal in a game of robatso. It is
the ties between the thought and corresponding iqadys
reactions associated with that thought that care lzawvimpact
on a humans experience while involved in a spe@fient.
Harnessing this power will allow designers to iefige the
emotional response and promote an engaging expgerifar
their audiences.

2.2 Giving Emaotional Intelligenceto

Computers

Why is it beneficial to give computers the abiltty recognise
and/or express an emotional reaction? Emotions m@ay
important role in human intelligence, the decisioraking

process, social interactions, perception, memoearning,
creativity and more [2]. Damasio (1994) in his s$#sd
involving patients suffering from prefrontal codicdamage
describes how these patients are unable to expredeel

emotion, severely inhibiting their ability to mamagnd make
decisions. Although some of these patients aretabilecognise
when they should have an emotional reaction tovamte they
are unable to have the emotion, and thereforereatianally

when presented with basic decisions. For example, patient
was described as being unable to decide what twey would
be free for an appointment. The patient was seamter into a
never-ending search for the best possible outcame,tried to
consider every possible outcome in order to comavitlp an

answer. The patient was not affected by embarragsatethe



amount of time it was taking to make the decisiuor, did they
display an ability to rely on what is often termed “gut
instinct”. Therefore an inability to react emotitlgdo a given
situation can result in a seemingly unintelligemisponse.
Picard (2000) argues that researchers involvelercteation of
intelligent machines “have focused on problem sayi
reasoning, learning, perception, language and atbgnitive
tasks considered central to intelligence”. It isenf complex
neural networks, algorithmic and logic structuresedi to in
‘intelligence simulation’ with emotion ignored aseibg a
critical and influencing factor as seen in humamge

3. SSIMULATING AN EMOTIONAL
REACTION

3.1 Displaying an Emotional Reaction

As previously described, emotional reaction occurstwo
categories: Physical and Cognitive. Cognitive reast are
often the hardest to measure, and consist of tfectabf
emotion on decision-making, mood, and the socialineaof
emotional display. For example, it is unlikely thithe same
extent of emotional display would be evident in ®ne
workplace, as would be apparent in their home.

The physical aspect of emotional reaction consisthanges in
physiology and physical expression as a resulteeliig a
particular emotion. These can be described in tesmbBow
“easily perceived” they are by other people [2]r legample,
facial expression, body language, vocal intonagtn can be
easily observed relative to respiration, blood gues,
temperature, pulse, respiration and perspiratipn [2

3.2 Emotional Machines

Why give emotions to Machines? This paper propdbes
simulating emotional reactions in interactive sgsewould
result in a better user experience, supported ingr@ effective
use of the software. By introducing simulated eoi
responses and personality dynamics to interactiseesis, the
systems can become more ‘aware’ of their operating
environment (interactions with the user) and adapbrdingly.
Providing this intelligence in the interface isdgtal to the
future development of user-centric systems, geaosdard
providing a more complete user experience. Adddilyn
simulating emotional intelligence may have a pusitimpact
on consumer’s perception of technology, and teagol
branding. This paper proposes that the simulatfoenwtional
reaction will increase the likeability of the infi@ce, and help
facilitate social identification between the protland the user.
It has been shown that such an emotional attratti@nproduct
promotes brand loyalty on both a cognitive [3] aad
behavioural [4, 7] level. To facilitate this devploent, social
cues such as emotional reaction should be simulitethe
products aimed at consumers.

Humans have been shown to elicit fundamentally aoci
reactions to computers when provided with venjeliin the
way of visual cues [5]. By simulating emotionaleligence in
machines, developers can tailor the user experiéorcéheir
users, and provide a more efficient, effective ustarface that
relies on the pre-developed cognitive models af tigers [6].

4. THEEMOTION STATE MACHINE

To effectively simulate emotion in a number for texts, this
paper presents the use of an ‘Emotion State Mactonguide
the emotional reactions presented by a machine.
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The Emotion State Machine consists of a numberaoisitional
states that a machine can be in at any one tins, Has an
effect on its behaviour across the two categorfesneotional
expression (Physical and Cognitive). For the siteda
emotional expression to appear more natural amdikié, the
emotional state may only transition through neighbw
states. For example, this prevents a machine tlzat ence
‘ecstatic’ to suddenly become ‘enraged’. It muahgition from
‘ecstatic’, to ‘happy’, ‘angry’, and then finallp tenraged’ as a
response to external stimuli. The current emotictaie would
then have an effect on the reaction given for aifipesvent
that is appropriate to the situation.

Each state also determines the acceptable emotiesabnse to
a given external stimulus. This works much the savag as
humans utilise social rules in a given situationr Example,
much the same way as a human would not contont theg in

disgust during a business meeting; a machine woatdshow
disgust during a tutoring session with a studerdr Ehe

Emotion State Machine to be effective, it must alsnsider the
cognitive nature of the interaction between emotiand

reaction. It is not enough that it simply simulategphysical
reaction to an event, but that the emotional dtate an effect
on other elements such as task completion, deemaking and
environmental interactions. The Emotion State Maelsi

Example Values are presented below in Figure 1:

o0
Positive

Neutral i

- 0

Negative

-0

Introverted Composed Extroverted

Examples of Emotional State:

Ecstatic @ Depressed

Happy Angry

Peaceiul ® Enraged
@ Content

Figure 1. Emotion State Machine Example Values. Points
with axis demonstrate potential emotional states based upon
assigned x and y values.

4.1 Emotional State Transition

Moving between emotional states relies on external
environmental factors. These factors are given misigto
determine their emotional impact. In order for araotional
state to transition to another, the weights of éhgironmental
stimuli are considered. This is the basis for theofonal State
Machine. To most effectively simulate the emotiorsthte
transitions of human beings, adjustment of theestaust occur

in increments along the x and y axis. Perceivedrenmental
factors by the machine can result in these chatmstate that



in turn can effect the emotional reaction display®d the
machine. For example, it is considered to be umahfior a
machine that was once displaying an ecstatic emaitio
reaction, to ‘over-react’ and suddenly start toptig an
enraged emotional reaction, given little in the wa&gmotional
stimulus. In order to smooth the transition betwstates, the
weights are considered for accurate representafi@motional
impact. Environmental factors hold weights for btite x and y
axis, shown as a set EF. Therefore Emotional $&8tés equal
to the current state value CSV plus the perceivedt@enmental
factors weights.

ES=CSV+EF(x,y). @®

Once the current emotional state value is detemhitigs value
can be used to impact on the physical and cognéiaetional
responses of the machine. For example, the emobtiteta may
determine the interactive properties of the machiith its
user, including vocal intonation, its demeanor; reves task
efficiency and completion.

4.2 Simulation of Physical Response

Using a number of user interface elements, and ramaged
intelligent agent, a number of interactive elememtsavailable
for displaying physical responses based on emdtgiate.

Colour plays an important role in emotion. Usindocw, it is
possible to induce particular emotions in individyand affect
the ways in which certain objects are perceivedmwemotional
level [8, 9, 10].

By changing the colour palettes used in an apjicatlifferent
cues can be presented the user to simulate embstaia. By
changing the colour of each of the interface eldmen
response to the current Emotional State, the sgstbasic
emotions can be conveyed to the user in a simplee#fective
manner, for example red conveying an anger statéde\green
conveying a envious state.

Previous studies have shown that humans rely omalfac

expression, and body language the most to deterami¢her
human beings emotional state [12]. It is therefongortant that
accurate representation of this emotional staterisented
using an animated agent.

Complementary to Facial Expression, body languagmother
communicative channel used to convey emotionak sta2].
Providing ‘body language’ to systems could be aghdeby
using an animated interface, utilising such thirsgs screen
transitions and menu selection options.

Finally, Sound can have also have an impact orpéneeption
of, and the ability to induce an emotional staté][ISystem
sounds, volume and intensity all have an impact toa
perception of this physical response.

4.3 Simulation of Cognitive Factors

In order for consistency and the physical displdy am
emotional reaction to correspond with user inphts fpaper
proposes the use of a ‘Shared Universal Emotivet&be used
within the system. This shared emotive set keepscard of
current emotional state, and keeps track of atebwhat may
affect this emotional state. Data pertaining to therent
emotional state can be shared among applicationsther
devices. A sample of such variables may consistthef
following:
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Table 1. Sample of Variables used to provide Emotional

Intelligence.
Global Variables Individual _(Immedlate)
Variables
Global Emotional State Sub-Emotional State
(Mood)

Current Task ESM andy values

Amount of Interaction

Explained Last Reaction

These variables give the ability for the systemeiact to given
interaction events in real time. For example, bgvjaing a

‘Global Emotional State’ to a system, the undedyinood may
be developed, that would have an impact on thet sieom

emotional reactions displayed by the machine. TBeb-*

Emotional State’ may be used by the system to preda
simulation of immediate emotional response givertiqdar

stimuli. This information combined with the usersrgeived
emotional state may be used to determine the apptemiven
response to a user request. It is simulations obtiemal

responses such as these that form the basis fansparent and
believable simulated human-like interaction.

4.4 Simulating Believable Emotional State

Transition

To most effectively simulate this level of emotibmaaction,

the changes between a computers state should lsédeced.
For example, a machine displaying an emotionalestait
‘ecstatic’ (presumably due to an events such asrsistent
praise in its efforts) should not suddenly chargéurious’ or

‘desperate’ should the computer receive a criticfemits last
decision. Therefore, implementation of the emotiostate

machine in a system environment should also incthdeability

to provide weights of the emotional influences ihet
environment, as provided by the Emotional State hitee

Firstly a range is set along the x and y axis &f Bmotional
State Machine, giving the ability to alter the sewisy of the

system during an interaction. For example if a eanf 3 is
provided to each axis, and x and y weights of 2 are used if
the computer receives praise, it would take the psaviding

three criticisms of the computers performance imoa to

change the systems emotional state from ‘EcstaditFurious’

in the provided model:

+3

Positive
Ecstatic

Neutral
-3 ] +3

: ®
Negative -3 Furious
Introverted Composed Extroverted

Figure 2. Emotion State Machine. State transition for 3
criticismsrecieved. Criticism Weight = (0, -2)



5 IMPLEMENTATION capable of adapting to environmental influencesufeuwork
for this project will be to attempt to incorporateme of these
5.1 Overview features into an existing software system basech wpsults

In order to test the effects of the Emotional SM&ehine, it is gathered.

to be incorporated into an Interactive Displayaied in a high

traffic area for maximum exposure. The display weinain idle 7. ACKNOWLEDGMENTS
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Future work for the emotional state machine will be
implement the system in the environment described, test its
impact on user engagement with familiar softwargliaptions.
Further to this, the Emotional State Machine wél iefined to
accommodate other environmental influences on thehme.
The collection of data associated with this leveinteractivity
with users could have a large impact on the devedop of
user-centric systems in the future. The implemeniatof
software such as the Emotional State Machine, cioodict on
software systems in that they will be able to ded@h the
human interaction on a more personal level. This oy
promotes loyalty by the consumer for specific prddubut also
gives developers the ability to design systems dnatsensitive
to human emotion and mood, sensitive of certaineiss and
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