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Abstract

Currenty, there are no machines with emations that influence their reasoning. percention and
decision-making abilities (o the degree that emotions affect human beha aviour in these areas. This
Cot'!d be fo; iworeasons. Firstly, emotions have traditionall ¥ been broadly defined and no discrere

dtegorization had been formulated, and sec

alx emotions have been viewed as eppesing logic,

the very tasis for computational machines. and as & disruption to r=uo'm! reasoning and funcnon

I s l}m very ¢

ontrasting evidence in recent research that has seen a

enewed enthusiasm into

emouonal research. The role of emotion in rational human behaviour may ln\ ¢ a largerj impact on

cogniiive procssses than first thought,
imporianss

LINTRODUCTION

L’-’l\\.\ g, in [6] wrote. A duck is a robot vehicle for
This sentence couid
ntrov crsial when viewed in
3 When he wrote this,
'ng on e\-'oiu[ionar}' and

that emotions b—:i:zg ‘-T'-e'.dlem in bozh humans and
i imals are cruciai 1o the survival of the species

searches were o build an anificjal robot duck.
i a T ey would have in mind for it would ke
e perentng of babv robat ducks. This broaches a
und 1'11 o"%t o in the Al domain. Do emonons
ficant contributions to make to the area”?

‘tth the  taditonal
emotions. that thev are ap
! therwise logical sizte of being.
However Haniev [| ] distinguishes between the
i rical and emotional sia rtes and disagress saving that
out C""lO[!C‘T‘b we \&cuTc. be tmz n m[D an ew.1 al

Picard. in LE9), agrees with this view and sites a mass
Qr‘ WTent scientific evidence that emotions plav an
HIpOrant part in cognitive processes [22) and that
ey impact significantly  on  rational thinking,
perception, learning and other psychological functions
that mold sentient behaviour. Her sugzestion of an

28 In this paper. we define emctions and discuss the
Lhat they will have on artificial intetligences of the future.

intuitive reasoning ariificial inelligence 10 deal with
“situations where probiems cannot be enumerated and
evaluated in ' L5 one of the
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i dedicated researchers
gents with  affective

s concenirated on the
emoetional assessmen: of aomi elements within the
virtual worid nig u.,oreach is

usef' tn allow

f behaviour in our agents we

zrated the ps\cnommcai r}reon of reasoned
action {18] in o our agent archileciure. This model
examines the relationships of attitude berween four
Key element ahai 4 person interacts with when
working towards altaining a 2oal. These elements are
the action being performed. the target or targets that
are the object of the action. the context of the action
and. the temporal alignment of the action.

To generate this tvpe

have inte
1

Our research relies heavily on the premise of Picard's
intuitive agent and envisages a meshing of several
psycholegical theories on emotion generation with
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agent technology,
rational
being.

in order 10 produce an intuitively
reasoning and decision making anificial

To this end. this paper is organized in the following
manner: in Section 2, we will define emation and ook
at two distinet categories; in Section 3, we discuss a
relationship betwean attitude and appraisal theory for
relationships between evenl appraisal and emotion
generation; in Scction 4, we briefly discuss our
experimental emotionaj agent; and we conclude in
Section 3, by summarizing our motivations in reszarch
and future directions.

2.DEFINING EAMOTIONS
DTESEnIS iseli ag g somewhat non-concise

domains  that  boast an
These range from

{17). Koestier. in 131,

iew defining emotions as
izd by intensa fezlings and
widespread characier.”

vty slacuing this SUDIECt maier is
rarely experience a pure emotion,
i nay be accompanied
- there s a Jogical
an emotion
omeone 1o
vou a look
i oobvicus”, and vegin, “hunger is a
by @ perplexed jook when thew

©way they are about 1o

by feclin

o

12
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°d

in an

HEMpL o 1solate the mechanisms of cmotion
and devise a firmer definition we shali refer 1o two
fegories that logically divide £motions.

21 Survival Emotions

e
e
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frst category is thar of emotional drives. These
drives or uroes can be classified according to thejr
fGurce. pleasure ating and strength. This category of
CROUGH  has  besn particularly  favourable  with
Creudian and Behaviourist Schools of psychology
(0L (12) The four emergent classifications for

emoticnal drive can be identified as: emeargency,
biological, cognitive, and socia )
MacLean {14] refers 1o the two basic emotional drives
N animaj behaviour; self-preservarion and
preservarion of the species. From these two ultimate
urges ali motivational goals of animal behavieyr can
be derived and are individualistic of the being thar
they are being defined for [21.

An artificial agent system for modelling the effects of
this category of emotion on behaviour js given in (1],
This system is discussed further in sectiop 4 where wa
have run experiments using the survival emotions as
motivation mechanisms 10 trigger an agent’s goals,
Here emotional drives are modzlled ag dvnamic
gauges with changing valpes depending on the state of
the agent. When a threshold value for an emorigna)
gauge 1s reached appropriate behaviours are riggered

inthe agent.
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One example of device displaving thig vpa

of emotion is thar of W Grey Waler's 1or0ise
mentioned in {16] which was cap

apable of avtonomans
noton and had the ability 1 i

socker 1o rag e

dacision making algorithm was obvi, " CGzploved 1o

cause  this  behaviour, |t
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T as sunhval o
wrgesh. What mav b
the rormoise example zhove is thar
survival emotions are emergen: and (nherent of the

survival needs of the individual being of
d - For example. robouc devices will fail 1o
Optrate without 2 continuing powar source, therefore.
the need for continusd power and an avwareness of the
CUITERL DOWer reserve sile can be paraileled with
human hunger. Withouw it,
function.

evice

The second tyoes of emotion that we wil] adress are
those of higher. neuroiogical emations,

2.2 Higher Emotions

v

If survival emotions are those that generate goals
motivaiion. then higher emetions are the resultant

menal {(and in m phvsical} stares gznerated by
n e ¢

AUEempts o satisiy these goals.  These emotions
include feelings such as happiness. anzer, sorrow.

guddr and boredom,

Attempts to satisfy goals driven by the survival
emotions give rise to an appropriate set of higher
emotions.  However, the emotions  generated are
difficult 10 categorize due to  their complex




relationships.  Some emotions are viewed as being
opposite such as happiness and sadness. These are
casily distinguished because one is pleasant and the
other unpleasant. On the other hand, fear and anger
could also be considered opposite, but clearly not in
the same wav 21,

A popular theory for categorizing these emotions in
psychology is that of cognitive appraisal theories 1201,
[19]. This theory lends jtself ideally to application in
computer science and Al due 1o the discrete nature of
the categories.

Several modeis of appraisal for higher emotions have
bean developed. One that has been widely adopted for
emotion synthesis in artificial beings is the OCE
modeal [13]. Thig medel assesses the human affective
reaction 1o goal aidainment as being either, pleasiag,
! 2. approving, lisproving, liking or disliking.
OCC cognitive appraisal model, and subsets of it
successivlly implemented in g number of

f such  as  Elliots
and Reillys Believable and

Emotional Agenis
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ST siemming from atitudes ahout

EUwith the individual duri 12 goal

¢ informaton o predict and
. -

aaviours  under over anping

underlving elementary
smotional responses in

us 10 choose a desper
We consider Smith and
ab cognitive appraisal mode;

o omorz svitable for this

v odendfies six orihegonal
Hne &n emotional caecon .
EANINESS,  responsinily

anEnuoen, e: ; i

MOTL ang s

L

xplanationy, o
and  Ellsworth the  approximare
empirical location of 13 separate higher emotions:
fappingss, Sadness, anger, boredom. challenge, hope,

Biergrs

have idenified

Contemp: divguse, frustration, Swrprise,

e Shane And g,

“euses on are the atitudes toward
NEelementary jiem mvolved in geal amainment
_ Qur  approach differs  from other
mplementations of 1he cognitive appraisal theory in
that it takes o MISIo perspective of an event where
goal attainment s being atiempted and evaluates it

based on beliefs and the measurements of attitude tha
We apply (o the elements involved in the event op what
we calt the evenr space.

3. ATTITUDE THEORY AND EVENT SPACES

While there s no ciear definition of attitude, there ig
popular consensus among social psychologists that the
term refers to the general enduring disposition to fee)
positively or negatively towards an object, person or
issue (18], By using a relevant collection of a person's
attitedes. it is possibie to closely predict the behavioy,
of that person where the same set of attitudes are
applied (910 This is otherwise known as the theory of
reasoned aciion.

We can express an attitude towards an object. A as:

!
where W is the  weightine of biame or praise
associated wizh the obiect belng instrumental in the

failivre of succass of (he coui

Ty oobicts involved in an
what we have

.
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C generating empirical values for each of
the six appraisal dimensions wemtified in {21]. FEach
of these value combines (o 2ive us a six dimensional
poirt focaied within the space. thus identifying an
approximaie emaotional fespanse to an event.

In wrn, we need 1o examine these higher level
generated emotions and identify how thev should
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affect the ageni’s perception of information along with
reasoning and decision-making abilities.

In the next section we look at how the theory of
reasoned action and the event space have been
integrated into our agent architecture to produce
inwitive reasoning and decision-making mechanisms,

4 DEVELOPMENT OF AN EMOTIONAL

AGENT

In our initial testbed environment GOMASE (Goal-
Orientated, Muli-Agant Simolation Environment),
agenis are driven by a goal hierarchy [1] where
mdividual goals are wriggered by lower emorional
wrges. In this we assume that a goal can be either
abstract or primitive. An  abstract goal can be
decomposad inte sub-goals (of which some will be
abstract goals, while oihers may be primitive goals).
Primitive or atomic goals correspond to an activity {or

action) that nesds 1o be carried oul 10 achiew

M {le]

¢ the goal

I
and g ageni Wants (g

of that goal bezomes

15 also capable of daveioping
a idual items within an evens space.
Ezch item s assessed on its contribusions 10 the
success or failure of goal auainmen 2571
attitudes  are developed through the agent's
experiznces within is environment and are used (0
and make emotional decisions

This gives the agent the ability to make choizes in an
snvirenment where there is no comect answer. The
agent uses atudes from past experiences o select an
opuion that 1t Lifes bast. It caleulates s total attitude
atout a choice based on its individual atitudes about
the elements that make up the event space and
prioritizes them in ordar on a scale from lked 10 teast
disliked with varving degress in-betwean,

Che experiment thal we conducted was 1w give ihe
agent one simple goal and several ways methods for
salisfving this goal. The agent was preprogrammed
with the knowledge that there were 10 different ways
'n which to satisfy this goal. Each solution had an
squal degree of success or failure, If the agent chose a

solution that failed it waould atribute blame 10 the
clements of that choice, if the agent succeeded itz
Atitude abour the elements would increase. The agent
WaAs run o satisfy this goal 100 times. each time
retining attitudes developed in past attempts. Data
¥as gathered about the choices that the agent made.
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This same goal was also given to a human subject. A,
this point it may be simpler to insert an extract of the
narrative givern to the human subject at the outset of
the experiment in order to expiain it.
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that selutien in a futere euempt.

g them and preferring 10 chooss

Although simple attiiede theory is 2 succsssful vehicle
o start our agents on the journey o affective
reasoning and decision making., we stil need to
explore an extensive range of emctions and how the
fundamental attitude appraisals of liking and disliking

transform inw broader and more complex emotions,

5 EMA

EMAL short for emotionally motivared ageni. 15 our
agent  architecture  with  affective reasoning  and
decision-making abilities. EMA is an extension of the
agent architecture designed and implemented in
GOMASE. It integrates Smith and Ellsworth 6




dimensional medat of emotion as discussed in Section
2 of this Paper 1 vreduce an artificial intelligence
capible ofs_\-'nmeszzéng higher level emorions.

This model (21), idzatifies 6 orthogonal dimensions:
pleasanness, ANicingred effors, certainty, atrentienal
aciiviry, responsitdiny ang control,  across 15
emotions: happings:, sadness, anger,  boredom,
challenge, hope, fecr, interess, contempr, disgust,
pride, shame and gullr.

s
JRSIaiion, surprise.
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6. CONCLUSIONS

In this pager we have discussed emotions and how

ihey should be considered for integration  intg
humanistic intelligeni  agenis. We  besan our

e
exploration of such an agent in the geal ori
t

multi-agent simulation 2INVITOnRmen

Wea are 3
Cven! appraisal
human  beings using our Emetionall:
Agent Currentiv, we are wsting our agent’s abilities
atreasoning about situations and comparing them with

human  subject’s reactions in the same virlual
environment. This will heip us to fine-tune our mode!

and further cevelop the mechanism in our agents by
which they appraise stuations.

It may prove w0 be difficuir 10 séparate emotions into
the two logicai divisions of higher and lower affects.
however if we are going to discard the flesh for the
mind and instil] emotional mechanisms into artificial
beings, the distinction needs 1o be made. Therefore,
WC are not so concerned with the physiclogical and
biclogical machines that process seasory input and
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generate  emouonal reactions, as  we are  with
identifying algerithms that can synthesize emotional
behaviour from similar sensory inputs and make it
useful and believable.

Higher level emotions are a fuzry area in both Al and
physiological research {4]. We are vetto explore how
these emotions will affect the agent’s information
processing  capabiliies and  how  the putward
behaviour of the agent will be perceived, We do know,
however, that these emotions should affect and distort
the agent’s perception of the world in which 1tis exists

(4.

To these ends. our conumuing research and the
development of the EM.A. software will endevour to
expand our understanding of attitude theory. cognitive
appraisel theorv and s infi fecti
reasoning in humans and the translation of these
models o an affeciive a :
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