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ABSTRACT

The need 10 improve our Knowledge aboul the
emaotional influences in humans and antimals and
explore affective teories in order 1o help s
understand human-computer  interactions wath
Tespect o usabiliny and accepiance, has in recon
years seen the advent of affeciive computing. In
this paper. we prosose a method for generating
affective reasoning and decision making pased
on - psvehologieal theonies of atitude. Our

! simulnion  environment.
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INTRODUCTION

Receniiy there has been much research in the
design and development of artificial agenmts that
implement affective models.  The motivaton
behind this growth is threefold. Firstiy, i1 aids o
improve our knowledge about affects and their
influence on behaviour in al) animals (inchuding
human Beings).
affective theories and the role that emotions piay
i human  heuristic problem  solving  couid
increase machine performunce by incarporating
these models into camputer systems, and third|y.

Secondly, the exploration of
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we could improve human-computer tteraction
with respect o the acceptance and usability of 4
system for the user.

There is much seientific evidence that emotions
play an imporant part in cognitive processes and

that  they  impact stgnificantly  on rational
thinking.  percention, fearning  apd  other
lunctions  that mold human

psychological
: card 19985,

Several sofiware svstems have heen developed in
fecent vears that incorporaie models of emotion
o their architectures,  These mctude Ellion's
Atfective Reasoner (Eilior 1997, and Reillyy
Believable and Emotional Agents in (Reiliv
19901 Both of these sysiems implement the
Oriony. Clore and  Colling tOCC) connitive
apprawsal theory (Oriony, Clore ot al. 1938).
allows the agents in their
cnotions and  to be
behaviouraliy influence by them,
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Ivaur research. we have taken a general
OCC modal  uand  other
pavchologreal models of  cmotons such as
Prijdas medel of emotion ag described  in
CWrght 1997) and Koetlers in (Koestler 19677,
ee iy do psychotegists Freud,
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aogenenal preduction of emotions related 1o
pleasant and unpieas:

atoexperiences and these

s
uenee tuture benaviour.

Qur work focuses on the appraisal mechanisins
by which the OCC mode! defines the categorics
ol emotion. For example. the category known as
conformation is the set of emotions that are
generated when an individual is displeased or
pleased about an event appraised as desirable or
undesirable. The emotion of disappoiniment is
generated when an individual is displeased about
adesirable event faling.



In this paper we deseribe a mechanism for
appraising an event and using this to drive the
behaviour of an artificial agent. This behaviour
is reinforced in the agent by performing tasks
and rating them as either pleasant or unpleasant,
Our aim is to implement a model by Fishbein
and Ajzen (Fishbein and Ajzen 1973) used
predict human  behaviowr and  apply it 1o
intelligent agents designed to mimic human
behaviour.

This paper is formatted in the folowing manner,
Initially  we  will define  attiede and  ir's
importance in being used as a foundaton for
cotion generation. Next we will examme how
attitudes fead o behaviour and how behaviours
influence atitwdes, Finally, we will give an
owline  of our minal  experimentation in
cormparing our computational models of aititude
with that of 2 human subject ina reasoning and
decision-making scemprio. a discussion of our
resutis and thoughts on future works,

ATTITUDL
Whiie there s o clear defimuon of attitede,
re 0y opopulyr consensus ameny socnl
psvchobogists that the term refers o the general
enduriag  dapositon o feel positnely or
negatively towards an object, person or issue
(Petty and Clciog};m 19961 By using a relevan!
Hevnon of a person’s autitedes, it is pussible to
closely predict the behavicur of that person
where the same set of attitudes s apphed
tFishbein and Ajzen [973),
Ajzen and Fishbein as noted by Pety and
Cacio PP (Pery and  Cacioppo 1990
concluded that behaviour can be viewed as
consisting of four key el 5
acnion heiny g)c:'il)rmcd' 21 the target or largets
that are the obect of the action: 31 the context o
the it is being performed: and.
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time of day or month.

I the experiment outlined in this paper. we have
consirained these four key elements and isolated
Just one on which w perform our investigations.
We have chosen w look at objects and how
attitudes are formed towards them.  Therefore,
the elements of action. context and time have
bezn set to static values,

According o Rosenberg. as cited in (Fishbein

and Ajzen 1975}, the more a given object is
istrumental in the success or failure of an

individual’s  goal the more the individuab'y
attitude towards that object is favourable or
unfavourablie.

We can express this attitude towards the object,
Aas

A=SWY, |

where W, is the weighting of blame or praise
associated with the object being instrumenial i
the failure or success of the goal i, V, is the
dearee of satisfaction or dissatisfaction obtained
from performing the goal and n is the number of

tmes that the goal has been performed using the
object.

TURNING ATTITUDE INTO ACTION

In many sttuations, it is impractical o analvse all
passible courses of acton and make a decision
bused on the measured pi iwsibiy of each thus.
s an adend course of actien o consider the
second theory, Preard (Preard 199351 suggests a
model of decrsion making using intwinion as a

ide o reasonme where measures of good or

RS H
had are used teoassess choice « Cprons. While
chowes deemed o be bad or nogatne overall are

not dismissed ay ;illcrn:m\'m chorees that are
sovd or positive overadl are explored further. By
ouer defininon. the weightingy on the choices
mentoned above are the amnudes wowards the

GElons.

fnoour agent, there exists a mechanism by which
ocan cateulate 10 overall atbtede wwards an
ppiion or event by assessing i3 atiwede toward
mednvideal objects thar are involved i the
arecution of the event. The overall atitede value
for anopion is used 1o prieniuze i,

Lx\

Grven the set of options, the agent will assess ity
atnudes towards each option. The option with
the heghest catonlated amitude value is used w0
represent the option towards which the agent
feels mwost favowrable. This ordered list of
options becomes the agent’s intentions towards
satistyving the activated goal that began the
atutude evaluation exercise. These intentions are

scheduled  for  performance. The outward
behaviour of the agent is an intention being acted
upon. Not all intentions become agent

behaviours, and when one intention satisfies the
active goal, any other intentions that would also
satisfy that goal are no longer necessary and may

be discarded (Ray and Lukose 1999).




TURNING ACTION INTO ATTITUDE

As previously mentioned, the a.ltiludc.of' an
object is related 0 the way in which an
individual percetves  that  object  as being
invelved in the success or failure of a goal.
However, where the individual and the object in
question have a past history of successful and
unsuccessful usage, attitudes towards that object
will already exist This means that an
unsuccessful attempt to use the object will not
autematically cause a disliking of the object.
especially if the object is already held in high
regard (Davidson 1993).

Research has identified that it is not only the
success or fatlure associated with an object that
determines the aditude owards it The most
significant factor that contributes 1© an auitude
vajue 15 the amount of information that ihe
mdividual already knows  about e ebjzet
{Davidson 1995

Lach new  piece of information  that  the
dividual receives about the obiect will have an
effect on the anude held about 1 There ure
several informaton processing models that have
bezn developed o expiam what is referred 10 s

wporniciion ineerason {Davidson 1963,

By applving an informaoon in curaion model (o
ouragent. we cun update the atitude value that is
held abour cach object by assessing a new
attitude based on equasion §oangd combining it

with the prevous]y stored attitude.

SCENARIO AND TESTING

I our test bed environment GOMASE (Coal-
Oricatated, Muli-Aeent Simufation
Eavironments. agents driven by g goal
igrarchy (Rav and Lubose 19991 1a this we
dssuma that a goal can be either absteact or
primitive. An abstrict goul can be decomposed
into sib-goads (of which some will be abstract
Yy be primitive goals).
itive or atomic goals correspond 1o an
activity {or action) that needs (o be carried out 1o
achieve the woal. When a goal becomes the focus
ol an agent’s betie! and the agent wants 1o satisfy
that goal, each sub-zoal of that goal becomes
active,

Anagent may have any number of atomic gouls
for which it ean perform tasks in order o satisty
the goal.  In many cases where the agent has
been given numerous task sets, not all of these

need o be executed to satisfy the goal (Ray and
Lukose 1999). Often when a subset of these
tasks has been successfully completed the goal
will be satisfied and the remaining aclive atomic
goals and tasks can be deactivaied.

For our attitude experiment we have chosen to
give the agent one simple goal.  The agent is
preprogrammed  with the knowledge that there
are 10 different ways in which to satisfy this
goal. The agent is then asked (o satisty this goal
100 times. Data is gathered about the choices
that the agent makes.

This same goal was also been aiven 1o a human
subject. At this point it may be simpier (o insart
the narrative given 10 the human subject at the
outset of the experiment in order 1o explain it

Yowe are inoa plane cravh and find veurself stranded in
the Junele. f1is Qant em @ cicar sanny omaorning. You

et ind vonr ey baek o eoviioarion in the back of
Fach survival pack

e picne vou find 10 sivoeal packy F

cevicies 0 mumber of ety o Rl v owath vour
{ s conorapie

Jowrney fach pack weredis the same g
wocny You e been groen @ bise of the ks endd their
" for

s wien vee tey

fooresran

conteniv Euch tem i dhe pok:

Ve swceess or fidure I pog one

St 1 then Vo missian fals

e nanfer |

Wihen ke sefeera pack #v e

it o the pack will be cxanuned o e e con Hee !

o compivie o gaene vou have o becs e W e et

fhe Jirgle by selecning & wmvson sumna! park,

Each survival pack represents one of ten wavs (o
Posansfy the goul of

attempt o task that wil
escaping from the Junele taliver. The list eiven
10 the subject inventories the ten packs and their
contents. The packs randomly contain up o 3
ftems ramed W boooo d and o, For cxample.
survival pack 1 may contain items 2. ¢ and e and
survival pack 3 may contain items a and b Fach
nemys slphabeticnt desipnanon refers o exactly
the same ttem. For example. ftem a in pack s
the same as iem ain pack 5. We have chosen
POt Lo asseeiate the items with real world objects
an atempt w climmae any preconceived
attitudes that couid influence the human decision
making process.

The agents (both aruficial and human) have ©
try and escape from the jungle 100 times. Each
of these times we have called a game.  To
complete a game the agents muost find a pack that
helps them o escape successtuily,

Before the start of the experiment, each item in
the pack is given a swatic probability rating of
failure.  When either agent chooses a pack, the
success or farture of that pack is caléulated by



assessing a success or fature on cach item in the
pack. 1 one ftem in the pack produces a failure
rating, the whole task is rated as a failure. The
agents are then made aware of which items are
esponsivle.

As the expeniment 15 run, we gather data about
the number of packs chosen in a single game
before a success is found. the order in which the
packs are chosen and how the agents feel about
the items. The aim is to determine if the attitude
model implemented in the agent performs the
task i a similar manner W a human.

RESULTS

Our initial resuls have been quite encouraging.

Figure 1is a box plot showing a 95% conlidence

interval for the mean number of survival packs

sen in a single pamie before a suecessiul one

found  As can be seen there is basically no

dli'I'crcncc. b‘f\\c'cn the GOMASE agent and the
1

i 95% Contidence interval on Member ¢f Packs
Chesen in a Single Game

Agent Type

e PP
0085 3 12 225 3335 4455 65 6865 7 78

Humber of Packs

ruran == GOMASE |

bo93% Contfidence Intervals on Mean Number
of Paek Chorees per Ganw

ton showed ditferent results for
the chowe patterns made by the two agents.

Further investiv:

wpures 2 oand 3 display the sequence ol choices
that the agents made in selecting a survival pack.
ine dark poirs show each pack chosen and the
white dote represent when the chosen pack was
successiul. Althoush the packs chosen are quiie
different. similar patterns can be seen in cach
arapit. as explained below.

Firstly, plateaus are apparent where the agents
selected g pack and tie pack was successful, so it
wits chosen the next time. For the human this is
mostly evident for packs 7. 2 and 1. For the
GOMASE agent they are packs 9, 4 and 3.
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For each of the agenis. these are the packs tha
were successiul most of the tme and theretore
the agents returned (o use them agam,

Secondhy, there are set sequences of pack chuoice,
Should a chosen pack fail, apparently cach agent
fad o backup or aliernaiive pack from which 10

seloect, For the human agent this seguence
consisied of the packs identified i the graph
platenus. One emergme paitern was to select

pack |should pack 2 fail and vice versa. Pack

was al=0 chosen severad times when packs 1 or

fmied or both and o sequence of packs 2 then
7

—_— 2 =]

wer h usen should pack

In the case of the GONMASE agent the patlerns
WEre mire distinet. This should be expected as
agent is 2 logical machine basing
i's reasoning on discrete values. This agent’s
sequence was 9. 3,456 7.

Third!y, in the beginning. each of the agents tned
several tasks before establishing a pattern. These
mitial tries also had an effect on future choices.
In the case of the human agent ar the beginning
of the grw)h it can be seen that several tasks are

tried. The failure of these tasks seems o have an

impact on other pack choices by the human
subject. Packs 10 and 3 are never chosen again
and pack & was chosen again only afier a
succession of other failures.

Drmsbred i tad oon

g

23k



The GOMASE agent’s graph  was slightly
different.  In the beginning the agent was
fortunate enough to select packs 4 and 9 that had
a high success rate, so it continued using them.
Once they both failed in succession around the
15" eame, it can be seen that the agent ried o
numI;cr of other packs before finding one that
worked. During this time it tried three packs that
it mever chose again, These were packs 2, 10 und
L {even though 1 was successful),

Finaliy, in each case there were packs that were
not chosen: The human agentdid not select pack
9 and the GOMASE agent didn| choose pack 8.

PHSCUSSION

While compuiers cap sutperform humansg i
many logical probfcm-:\'u!\‘mg siuations. there
are ofien times whep apttmal soludons 1
problems  cannot  pe cnumerited  with he
avalable resources or within a finde time range.
Humans have the remurkable abilie o respond
N sitaiions wish hmited hnowledos, fimired
MeEmory and comparatively slower processing
speeds (Preard 100§,

A

These inial CXPTIIMenIY shov promising resulrs
for usinge stitude redicuon theories 1o produce
humanisue FEASONING matiorny in aruhicial agents,
In s CXPCIIMRNL nelther guent hpew ihe

Fthe suni gl packs. Onfy by
using the packs could the rgents form an opinion
about them.  In b dgents. the packs tiy

SUCLERS rates o

succeeded the most had 4 Mgher mttude formed
ivwards them, This caused these favowrire packs

0 be chosen 1ime 2fer ime.

in the human dECNLoa popular pack did not fose
Frvour wyh the subject alter several failures,
This 10 can be seon mothe arificial agent The
informaton integration formuolae used 1o updie
the ('}(J.‘\I.~\SE_:1gen(‘s attitude wwards the packs
HICreses the sibiude value for a pack cach time
o succeeds, Afler many  successfu]
Implementations., the GOMASE agent can have a
high atede value for 3 pack. This auitude
value mav be mueh higher than any other pack,
When such o pack Tails, the GOMASE agent
ducreases it anitude value towards (he pack.
towever, because the attitede value was go high,
one failure of a favourite pack, will not cause it
to become unpopular. Depending on g atitude
vialue relative 1o other packs, the pack may
remain the fvourite,

=

The exercise in this EXperiment was 1o find
pack that helped the agent escape from  the
jungle. The agents did not have 10 identify the
optimal pack. For commentary sake, (he pack
with the leagt provability of failure wae pack 7.
The human subject tdentified this pack zlhhough
it was ranked as third Mmost used. as can be seen
In Figure 4. The GOMASE agent choge pack 7
very little. Each agent identified a smalj tumber
of packs that could help it achieve its task in the
lzast number of chojcas,

S
Kumbar of Tirmas
Chosen

e,

'8 (2nd 1o

works witiin spelified

sSHmons, ham:

ters and if i s succegs il there ix oflen
B need 10 ook for angther solution unless the
previousiv selected one fujis, For example, o
Person may drne 10 work  (he RMMe way
evervidasy. The rouge may not be the opimal
oM shortest. batter road. oy tratfic etey but
for one reuson or ancther, this route has worked
suceessfufly for he person dav afier day.
Imiagine that ope day the route 15 Closed due to

road works, The person will find another roure

thitt werks for them When the roud works are

finished My may retum o the old route. or i
0ey found the new route o be better!, they may
SUCK with it

For Whis experiment initally it is not possibie for
either agent 10 access the success probabilities
without usimg (he packs.  Only through past
dempts can the agent form an attitude towards
the packs. The more games the agent plays the
more information they have about the packs

success probabilities.  This is an example of a

FThe term berer, ay used here, refers 1o the persen’s
individual preference. In the case of a roure 19 work
this might include things such as the scenery being
more picisant,




problem where i is not possible to ealculate the
optima selution before applying one. In order to
calculate the success probabilities of all the
packs, by using them first. an agent would have
to choose cach pack at least 100 times to get an
accurate pictwre of one pack’s success rate {this
being caleulated as o failure probability out of
100}, Muoltiply this by each pack and the
attempts needed w0 determineg the best survival
pack  far  outweigh the 10 attempts
(approximately) in the GOMASE and human
agents for determining a short sequence of packs
that work.

CONCLUSIONS AND FURTHER WORK

This paper has introduced  the concept of

modelling auitude in artificial agents in order 10
produce humanisie reasoning cnpubil;tie% Two
domaing in which this work is applicable are
socil srmelation and ineractive entertainment.
Both of these areas reguire more accurate models
of human bebaviowr at the micro level (Carley
FI90) (Stern 1999 whether 1t be for simulating
workers in an enierprise 0 monitor behavicural
dge wersus o environmental  change  or
whenabie and unprediciable artficial

camon characters for computer

Fhe experiments in this paper are preliminary

amd are mtil snempts 0 compare human
rensoning wmd amtede with the models
rmplemented i thie GOMASE software. Further
mentation with human sebjects in differing
sUUs mamproviag our araficial
Hoallow us to develop and oyt
enariog with our agems in

eiper
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compley s
virteal ensironmaents sl human interfaces and
H".Z\‘.‘.Flh,'ll\')['l x'i?I' C‘.'i‘.;L!i'x'\E(.)ﬂ-

To these ends. cur continuing research and the
development of the GOMASE environment will
endeavour o expand our understanding of attituds
fbeury and s affect on affective reasoning in
mans and the transiation of these models into

aur affeciive avents.
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