
U s i n g t h e A f f e c t i v e Reasoner t o S u p p o r t Soc ia l S i m u l a t i o n s * 

Clark Elliott 
The Institute for the Learning Sciences 

Northwestern University 
1890 Maple Avenue 

Evanston, Il l inois, 60201 
and 

Inst i tute for Applied Art i f ic ial Intelligence 
DePaul University, Chicago 

email: ell iott@ils.nwu.edu 

A b s t r a c t 

This paper is in two parts. In the f i rst par t , 
the out l ine of an emot ion reasoning architec
ture, embodied in a s imula t ion program called 
the Affective Reasoner, is presented, and a rud i 
mentary personal i ty representation for s imu
lated agents is in t roduced. In the second par t , 
an exercise is reviewed in which the Affec
t ive Reasoner is given the task of represent
ing agents w i t h different personal i ty types in 
such a way as to al low the user to engage in a 
s imulated interact ion w i t h them. Representa
t ional issues per ta in ing to the unique appraisal 
and behavioral styles of the different personal
i ty types are addressed. Conclusions are drawn 
about the usefulness of the Affective Reasoner 
in such a parad igm. 

1 I n t r o d u c t i o n 

A central assumpt ion of this paper is tha t s imulat ions 
of social interact ions between agents should incorporate 
models of i nd iv idua l affect and personali ty. Most human 
interact ion revolves around people's ind iv idua l needs and 
goals. These lead to idiosyncrat ic, in ternal ly mot ivated 
behavior, and to emot ional responses to si tuat ions that 
arise. If these aspects of menta l life are not captured 
in s imulat ions of interpersonal interact ions, then s imu
lated agents w i l l be at best b land, lifeless, and unrealis
t ic. Th is problem has been largely ignored in A I . 1 

This paper describes a general emot ion reasoning ar
chitecture, embodied in a program called the Affective 
Reasoner, which has been used as a basis for s imula t ing 
such interpersonal interact ions. Also discussed are the 
results of using th is architecture to solve the prob lem of 

* Preparation of this article was supported in part by An
dersen Consulting through Northwestern University's Insti
tute for the Learning Sciences. 

*But see [Bates et al.t 1992] and [Frijda and Swagerman, 
1987] for interesting approaches to related problems. 

representing four d is t inct client types in an interact ive 
s imula t ion designed to teach sell ing. 

2 T h e A f fec t i ve Reasoner 

The Affective Reasoner (hereafter A R ) is a simula
t ion p la t fo rm tha t embraces a wide range of emot ion-
reasoning issues. In the current research, various worlds 
are s imulated, and populated w i th agents capable of par
t i c ipa t ing in emot ional episodes based on their concerns. 
Agents are given unique disposit ions modeled as a h i 
erarchical set of appraisal frames. These frames repre
sent their ind iv idua l goals, principles, preferences, and 
moods. Combinat ions of the appraisal frames are used 
to interpret si tuat ions tha t unfo ld in the s imula t ion. The 
interpretat ions, in t u r n , are characterized in terms of the 
way they may or may not meet the el ic i t ing condit ions 
for emotions. In some cases emotions result, which then 
may be expressed, through a set of selectively act ivated 
behavioral channels, in ways tha t are observable by other 
agents, and as new s imula t ion events which might per
tu rb future si tuat ions. Add i t iona l l y , agents use a case-
based heuristic classification system to reason about the 
emotions of other agents, and to bu i ld representations 
of those other agents' personalities that w i l l help them 
to predict and explain future emot ion episodes involv ing 
those observed agents. 

2 .1 T h e e m o t i o n e l i c i t i n g c o n d i t i o n t h e o r y 

Embodied in the AR is a set of rules for mapp ing f rom 
emot ion el ic i t ing condit ions into emotion types, based 
on the work of Ortony, Clore, and Col l ins [Ortony et a/., 
1988]. The i r theory has been adapted for the simula
t ion and extended f r om twenty- two to twenty-four cat
egories of valenced reactions to s i tuat ions, as out l ined 
in figure 1. Each of the twenty- four emot ion types has 
a set of e l ic i t ing condit ions. When the el ic i t ing condi
t ions are met , and various thresholds have been crossed, 
corresponding emotions result. A key element of the the
ory is tha t the way an emot ion-e l ic i t ing s i tuat ion maps 
in to e l ic i t ing condit ions depends on how an ind iv idua l 
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agent interprets that situation. For example, suppose 
that a captain heroically/foolishly goes down with his 
ship, while trying to salvage it . On the one hand, his 
fellow seamen might see this as praiseworthy, since he 
has upheld the principle of dedication to maritime ser
vice. On the other hand his wife might perceive it as 
blameworthy, since she sees him as having violated the 
principle of putting the needs of his family foremost. In 
both cases the act is the same; it is only the construal of 
the situation which is different. 

Emotion-eliciting conditions leading to emotions fall 
into four major categories: those rooted in the effect of 
events on the goals of an agent, those rooted in the stan
dards and principles invoked by an act of some agent, 
those rooted in tastes and preferences with respect to 
objects (including other agents treated as objects), and 
lastly, selected combinations of these three categories. 
Another way to view these categories is that they are 
rooted in an agent's assessment of the desirability of some 
event, the praiseworthiness or blameworthiness of some 
act, the attractiveness of some object, or selected com
binations of these assessments. 

This theory was used as an organizing principle for 
the appraisal mechanisms of agents. Added to the im
plementation of the theory are components for actually 
mapping from situations into the eliciting conditions, an 
expressive component for generating actions, and a com
ponent for reasoning about the emotions of other agents. 
In addition, extensions to permit the representation of 
mood and emotional intensity are under development 
[Elliott and Siegle, 1993]. In the sections that follow, 
overviews of the three main components of the AR are 
given. Complexities such as those that arise in the imple
mentation of expectations, multiple and conflicting emo
tions, relationships between agents, and so forth, are not 
discussed here, but are given a full treatment in [Elliott, 
1992].2 

2.2 Genera t ing " e m o t i o n s " 
Emotion-eliciting situations may arise in the course of 
the simulation. These situations may or may not be of 
concern to one or more agents. If they are, then varied 
interpretations of the situation may be made, depending 
upon the makeup of the relevant appraisal frames in each 
agent's interpretive personality component. These inter
pretations are reduced to Emotion Eliciting Condition 
Relations (EECRs), which in turn are used to generate 
instantiated emotion templates. Figure 2.2 illustrates 
the different sources for these emotion templates. Below 
are annotations for the steps illustrated in the figure: 

2For example, mood representation alone affects both the 
appraisal mechanisms and the expressive components of sim
ulated agents; it affects both the intensity and duration of 
subsequent affective states; and, it may require as many 
variables to adequately represent.[Elliott and Siegle, 1993; 
Frijda et al.} 1992; Gilboa et al., ; Clore, 1992]. 

Group 
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Fortunes 
of 
Others 

Prospect 
based 

Confir
mation 

At t r ib
ution 

Attraction 

Well-
being / 
At t r ib
ution 
Attraction 
/ At t r ib
ution 

Specification 
appraisal of a 
situation as 
an event 

presumed 
value of a 
a situation 
as an event 
affecting 
another 

appraisal of a 
situation as a 
prospective 
event 

appraisal of a 
situation as 
confirming or 
disconfirming 
an expec
tation 

appraisal of a 
situation as 
an account
able act 
of some agent 

appraisal of a 
situation as 
containing an 
attractive or 
unattractive 
object 
compound 
emotions 

compound 
emotion 
extensions 

N a m e and Emotion Type 
j o y : pleased about 
an event 
distress: displeased 
about an event 
happy- fo r : pleased 
about an event 
desirable for another 
g loa t ing : pleased 
about an event 
undesirable for another 
resen tment : dis
pleased about an event 
desirable for another 
sor ry - fo r : displeased 
about an event 
undesirable for another 
hope: pleased about 
a prospective desirable 
event 
fear: displeased about a 
prospective undesirable event 
sat is fac t ion: pleased about 
a confirmed desirable event 
rel ief: pleased about a 
disconfirmed undesirable event 
fea rs -con f i rmed : displeased 
about a confirmed undesirable 
event 
d i s a p p o i n t m e n t : displeased 
about a disconfirmed desirable 
event 
p r i de : approving of one's 
own act 
a d m i r a t i o n : approving of 
another's act 
shame: disapproving of 
one's own act 
reproach : disapproving 
of another's act 
l i k i n g : finding an 
object appealing 
d i s l i k ing : finding an 
object unappealing 

g r a t i t u d e : admiration + joy 
anger: reproach + distress 
g ra t i f i ca t i on : pride + joy 
remorse: shame + distress 
love: admiration + 
liking 
hate: reproach + disliking 

Figure 1: Emotion types (Table adapted from [O'Rorke 
and Ortony, 1992] and [Elliott, 1992]) 
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1. A s i t u a t i o n is c reated w h e n a s i m u l a t i o n event is 
p o p p e d of f t he queue a n d the s ta te o f t he s imu la ted 
w o r l d is a l te red in a way t h a t m i g h t be o f concern to 
one or more agents. 

2 , 3 , 4 , 5 . T h e construal f rames represent ing t he goals, 
p r inc ip les , and preferences of some agent are m a t c h e d 
against t he e l i c i t i ng s i t u a t i o n f r a m e . W o r k i n g m e m o r y 
is a t t ached to slots in t h e cons t rua l f rames and can a l 
ter t he success of the m a t c h , as wel l as the resu l tan t 
b ind ings t h a t are genera ted . W o r k i n g m e m o r y is also 
used to i m p l e m e n t t h a t p o r t i o n o f mood w h i c h affects 
the appraisals o f agents [ E l l i o t t and Siegle, 1993]. W h e n 
a m a t c h succeeds for some cons t rua l f r a m e ( a n d i ts i n 
he r i t ed p rope r t i es ) t h e n the s i t ua t i on i s considered to 
be re levant to the agent 's concerns. Since an agent m a y 
s imu l taneous ly have m o r e t h a n one d i f ferent cons t rua l 
o f the same s i t u a t i o n , m u l t i p l e i n t e r p r e t a t i o n s o f t h a t 
s i t ua t i on may resu l t . W h e n al l matches f a i l , t he s i tua 
t i on is no t considered re levant to the agent 's concerns 
and is i gno red . 

6 . I f t he s i t u a t i o n is re levant to the concerns o f the 
agent, b ind ings w i l l have been created d u r i n g the m a t c h 
process. In a d d i t i o n to those b ind ings created when 
slots i n the s i t u a t i o n f r a m e are uni f ied w i t h p a t t e r n -
m a t c h i n g var iables in slots o f the cons t rua l f r ame ( i n 
c lud ing i n h e r i t e d s lo ts) , a d d i t i o n a l b ind ings may come 
f r o m a t tached procedures and f r o m w o r k i n g m e m o r y . 

7 . A basic E m o t i o n E l i c i t i n g C o n d i t i o n Re la t i on 
( E E C R ) is c reated for each cons t rua l o f the s i t u a t i o n . 

8 . 9 . T h e status a t t r i b u t e o f the E E C R may be changed 
to confirmed or disconfirmed i f t h e s i t ua t i on is relevant 
to a s tored expec ted o u t c o m e . 

1 0 , 1 1 . Since there may be m u l t i p l e const rua ls there 
may be m u l t i p l e E E C R s . These are col lected together 
before f u r t h e r processing. 

1 2 , 1 3 . T h e event-based const rua ls and a t t r i b u t i o n -
based const rua ls are sp l i t of f i n t o t w o (non- in te rsec t ing ) 
sets. T h e y are recomb ined , as app l icab le , to f o r m the 
c o m p o u n d - e m o t i o n s E E C R s , subsuming the componen t 
E E C R s . 3 W h e n r e c o m b i n a t i o n is not app l icab le the 
o r ig ina l E E C R s are passed a long ins tead . (For exam
ple, there is no c o m p o u n d e m o t i o n t h a t cor responds to 
the e l i c i t i ng cond i t i ons ar is ing w h e n a b l a m e w o r t h y act 
helps the appra is ing agent to achieve a goal . ) See f i g 
ure 1. 

1 4 . T h e d o m a i n - i n d e p e n d e n t rules con ta in the back
bone o f the e m o t i o n e l i c i t i ng cond i t i on theory . A l l emo
t ions are genera ted us ing these ru les. W h e n a comp le ted 
E E C R matches the l e f t - h a n d side o f one o f these rules, 
an e m o t i o n ins tance is genera ted . 

1 5 , 1 6 , 1 7 , 1 8 . Those emot ions no t a b o u t the fo r tunes 
of o thers are t h e direct emo t ions . A subclass of these 
is t he prospect -based emo t i ons of hope and fear. These 
l a t t e r emo t ions s t em f r o m u n c o n f i r m e d events and so 
generate expectation f rames . These f rames are s to red , 
and may be used to i n t e r p r e t f u t u r e s i t ua t i ons . 

1 9 , 2 0 , 2 1 . For each o the r agent invo lved i n the s i t u 
a t i o n , t h e observ ing agent m a i n t a i n s representa t ions o f 
t he i r concerns in Concerns-of-Others databases. These 
representa t ions are used to i n t e r p r e t the s i t u a t i o n in 

9 A l l a n Co l l i ns po in t s o u t t h a t t h i s s u b s u m p t i o n is a m a t 
te r o f deba te . [Co l l i ns , 1992] T h i s i m p l e m e n t a t i o n was a rb i 
t r a r i l y chosen. 

ways p resumed to be of concern to o ther agents, us
i ng steps s im i la r to 2, 3 and 4. In a d d i t i o n , Sate l l i te 
Concerns -o f -O the rs databases, and p resumed re la t i on 
ships o f o thers , a l low agents to i n t e rp re t s i tua t ions w i t h 
respect to second and t h i r d p a r t y agents [ E l l i o t t and 
O r t o n y , 1992]. 

2 2 , 2 3 , 2 4 . I f t he s i t u a t i o n i s de te rm ined ( p a r t l y b y 
assumpt ion ) to be o f concern to the o ther agent, then 
the doma in -dependen t rules are used to de te rm ine the 
mean ing for the ta rge t agent. Is the agent pleased abou t 
t he ou tcome for the o the r agent? Re la t ionsh ips between 
the agents are s tored in w o r k i n g m e m o r y and may be 
a l tered as the s imu la t i on progresses. 

2 5 , 2 6 , 2 7 , 2 8 . Each o f the resu l t i ng for tunes-of-
o ther E E C R s resul ts in an emo t i on using the d o m a i n -
independen t ru les. 

2 9 , 3 0 . T h e direct and fortunes-of-others emot ions 
are al l col lected i n t o a g roup and passed to t he ac t ion -
genera t ion m o d u l e . I nc luded in each e m o t i o n ins tance 
is a set of b ind ings f r o m b o t h the o r ig ina l m a t c h and 
the i n t e rmed ia te processing. 

2 . 3 E x p r e s s i n g e m o t i o n s 

Once emo t i ona l states have been generated for agents in re
sponse to e l i c i t i ng s i tua t ions , agents mani fes t these states 
accord ing to the i r un ique t e m p e r a m e n t t r a i t s . For example , 
when one agent is angry she m i g h t t e n d to shou t , whereas an
o ther m i g h t smi le and deny t h a t a n y t h i n g i s w r o n g . A c t i o n s 
hav ing n o t h i n g to do w i t h emo t i ona l states are not covered by 
th is mechan ism. A c t i o n s t h a t do s tem f r o m emo t i ona l states, 
however , may be classif ied i n t o one of the fou r h igh- level 
categor ies, expressive, information-processing, affect-oriented 
(emotion regulation and modulation), and plan-oriented.4 

F i g u r e 3 gives a b r e a k d o w n of the ac t ion response categories 
and the i r t heo re t i ca l g roup ings for the e m o t i o n gloating. 

T h e h igh- leve l categories are a r ranged , as far as possi
ble, f r o m the more spontaneous to t he more p lanned (e.g, 
expressive act ions tend to be less p lanned t h a n those for 
emotion regulation and modulation). W i t h i n these h igh- leve l 
categories the p a r t i c u l a r ac t ion response categories are s im i 
la r l y a r ranged (e.g. , somatic expressive responses tend to be 
more spontaneous t h a n communicative-verbal expressive re
sponses). Las t l y , w i t h i n the ac t ion sets themselves the tokens 
(and m in i - p l ans ) are a r ranged f r o m the least intense to the 
mos t intense (e .g . , smiling as a non goal-directed, expressive 
behavioral-toward-animate expression of gloating is less i n 
tense t h a n is laughing). In al l cases, these are at best p a r t i a l 
order ings. 5 

Once an ac t ion has been selected, i t is i n s t a n t i a t e d us
i ng the set o f var iab le b ind ings generated f r o m the o r ig ina l 
m a t c h between the cons t rua l f r ame(s ) and the e l i c i t i ng s i tua
t i o n f r a m e . For example , the var iab le ?other-agent might be 
b o u n d d u r i n g the o r i g ina l m a t c h process, wh i ch cou ld t hen 

4 T h e h igh- leve l categor ies are n o t present ly used fo r ac
t i o n genera t ion . One possible use o f t he theo ry u n d e r l y i n g 
these categor ies, however , m i g h t be as a basis for a func
t i ona l represen ta t ion o f emot ions as i n i t i a t o r s o f pu rpose fu l , 
motivated ac t ions. In th i s rega rd , t he information processing 
act ions, fo r examp le , m i g h t be seen as represent ing aspects 
o f an agent 's a t t e m p t s to " u n d e r s t a n d w h a t i s go ing o n . " 

5 T h i s i s no t an a t t e m p t to l is t ac t i on words t h a t m i g h t 
be associated w i t h a p a r t i c u l a r e m o t i o n . W h i l e th i s m i g h t be 
i n te res t i ng w i t h respect t o u n d e r s t a n d i n g o r genera t ing t e x t , 
i t i s n o t re levant to the goa l o f charac te r i s ing psychologica l 
s ta tes. 
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be used to i n s t a n t i a t e t he ac t i on response t e m p l a t e <laugh 
at ?other-agent>. 

F r o m f igure 3 we can see t h a t superior smile and throwing 
arms up in the air axe t w o ways of non-ve rba l l y c o m m u n i c a t 
i n g gloating, and t h a t inducing embarrassment and inducing 
others to experience joy at the victim's expense are t w o ways 
of modulating the emotions of others. T h e expressive c o m 
ponen t i s closely re la ted t o t h e d o m a i n i n w h i c h t h e AR i s 
be ing used, so on ly those expressive act ions w h i c h do no t fu r 
t he r p e r t u r b the sys tem ( i .e . , are no t expressed as re levant 
s i m u l a t i o n events) are d i r ec t l y po r t ab l e f r o m one app l i ca t i on 
t o ano ther . T h e largest i m p l e m e n t a t i o n , T a x i W o r l d [ E l l i o t t , 
1992], used abou t 1000 d i f ferent ac t ion pa ths . M u l t i p l e ac
t ions m a y s imu l taneous ly express a single emo t i on ins tance. 0 

2.4 Observ ing and m o d e l i n g o ther agents 

T h e AR has mechan isms whereby s imu la ted agents may rea
son a b o u t t he emot ions , and the persona l i t y makeup , o f o ther 
agents. To do th i s , features der ived f r o m an observed e l i c i t ing 
s i t u a t i o n , and the observed agent 's response to the s i t u a t i o n , 
are formatted as a 

for a s l igh t l y mod i f i ed version of P r o -
tos [Bareiss, 1989], a heur is t i c c lassi f icat ion sys tem. Once 
an observ ing agent has classif ied the case as be long ing to 
an ins tance of one of the 24 e m o t i o n types , the agent stores 
th is knowledge as p a r t o f i t s i n t e rna l representa t ion o f the 
o ther agent . For examp le , one agent m i g h t observe another 
f r o w n and speak rude l y w h e n kept w a i t i n g . F r o m p r io r expe
r ience the observ ing agent knows t h a t i t s coun te rpa r t o f ten 
expresses anger by speak ing rude ly and f r o w n i n g . Us ing th is 
knowledge to abduce anger i t t h e n looks for i n t e rp re ta t i ons o f 
the e l i c i t i ng s i t u a t i o n t h a t w o u l d lead to anger. Once a su i t 
able exp lana t i on is f o u n d (such as the v io la t i on of a p r inc ip le 
t h a t one should not be kep t w a i t i n g , and the t h w a r t i n g of a 
t ime -dependen t goal ) i t upda tes i ts i n t e rna l representa t ion o f 
the other agent so that those concerns are included. 

Several levels o f de fau l ts are requ i red to i m p l e m e n t th is 
mechan ism. Searches m i g h t have to be made t h r o u g h the 
representa t ion o f the cu r ren t p resumed concerns o f the o ther 
agent, t h r o u g h de fau l ts for the role o f t he agent , t h r o u g h de
fau l t s for agents t h a t are " s im i l a r " i n n a t u r e , and t h r o u g h the 
sys tem ca ta log o f " w h a t m i g h t e x p l a i n " the response. A lso 
necessary are satellite concerns-of-others knowledge bases 
used in c o n j u n c t i o n w i t h a represen ta t ion of the presumed 
relationships-of-others since observed agents may have emo
t i ona l responses based on the fo r tunes o f t h i r d - p a r t y agents 
as we l l [ E l l i o t t and O r t o n y , 1992]. 

O t h e r issues t h a t have had to be addressed inc lude de
t e r m i n i n g the d imens ions a long wh i ch to t une a pa r t i cu l a r 
agent 's t e m p e r a m e n t t r a i t s (e .g . , an agent w h o grows qu ie t 
when under the in f luence of negat ive emot ions , or an agent 
w h o i s t ask -o r i en ted , and voca l , w i t h respect to s tandards -
based emo t i ons ) , t he i n t e rp l ay and consis tency o f m u l t i p l e 
man i fes ta t ions o f an e m o t i o n (e .g . , some agent m i g h t deny 
anger when she is angry , o r m i g h t shout a b o u t i t , b u t w i l l no t 
do b o t h a t t he same t i m e ) , d y n a m i c changes in t he agent 's 
t e m p e r a m e n t (e.g. , t e n d i n g t o w a r d low energy before mea l 
t imes ) , and so f o r t h . 

7 I t i s w o r t h m e n t i o n i n g t h a t versions o f the AR have been 
r u n wh i ch focus a lmos t en t i re ly on these aspects. In one, 
t he sys tem i tsel f , as an a u t o m a t e d agent , reasons a b o u t the 
emot ions o f the user w i t h i n a cons t ra ined f o r m a t . A l t h o u g h 
th i s idea has no t been deve loped, i t suggests at least t he 
poss ib i l i t y of a s imp le f o r m of af fect ive user m o d e l i n g . 

3 Social s imulat ion using the Affect ive 
Reasoner 

T h e AR has been used as a basis for c o n s t r u c t i n g a social 
s imu la t ions . In th i s e n v i r o n m e n t , users i n t e rac t w i t h one o r 
more s imu la ted agents v ia the c o m p u t e r keyboa rd and mouse. 
Users get feedback t h r o u g h s imu la ted fac ia l expressions for 
the agents, and t h r o u g h fo rma l i zed t e x t descr ib ing w h a t i s 
t a k i n g place in the s imu la ted w o r l d . In th is scheme, users 
take p a r t in t he s i m u l a t i o n by m a k i n g decisions for one o f 
the agents. T h e o ther agents respond to the s i tua t ions t h a t 
arise in t he course o f t he s i m u l a t i o n , i n c l u d i n g those t h a t 
come a b o u t as a resul t of the user 's i n p u t . S imu la ted agents 
represent i nd i v i dua l s w i t h e m o t i o n a l d e p t h and the i r o w n 
id iosync ra t i c ways of expressing the i r feel ings. A user 's task 
is to i den t i f y the concerns of the o ther agents so t h a t he or 
she can i n te rac t w i t h t h e m in ways t h a t successful ly b r i ng 
abou t some best-case o u t c o m e . 

D u r i n g the course o f t he s i m u l a t i o n , agents are con t inua l l y 
appra is ing s i tua t ions t h a t arise in the i r w o r l d . Some o f these 
are o f concern to t h e m , and lead to e m o t i o n a l states. Once 
such a s ta te has been estab l ished, expressions of i t may be 
man i fes ted w i t h i n t he s i m u l a t i o n . For examp le , the d isplayed 
face o f the agent m i g h t change, w o r k i n g m e m o r y represent ing 
the to lerance level o f t he agent for f u r t h e r s imi la r s i tua t ions 
m i g h t change, the level o f a t t e n t i o n a l focus for the agent 
m i g h t change, or t he agent m i g h t be descr ibed, in t e x t , as 
l augh ing o r t u r n i n g red . 

R u d i m e n t a r y persona l i t y types are con f igured before the 
s i m u l a t i o n is r u n , e i ther by de fau l t , o r t h r o u g h user-select ion 
o f a t t r i b u t e s . In th is paper , four s ta t i ca l l y p re -de te rm ined 
personal i t ies w i l l be discussed. In genera l , however , the ap
pra isa l f rames and expression pa ths represented in the k n o w l 
edge base may be comb ined as desi red, c rea t ing a w ide var ie ty 
o f personal i t ies . T h e role o f an agent in the s imu la t i on de
te rmines wh ich s i tua t ions t h a t agent w i l l be invo lved i n , and 
thus w h i c h s i tua t ions m i g h t be sub jec t to i n t e r p r e t a t i o n . For 
examp le , suppos ing t h a t we are s i m u l a t i n g a sales s i t u a t i o n , a 
secretary agent m i g h t no t be concerned w i t h s i tua t ions aris
ing d u r i n g the close, bu t m i g h t be concerned w i t h s i tua t ions 
ar is ing d u r i n g the initial greeting phase of the salesperson's 
visit. 

As in real social s i tua t ions , the s ta te o f an agent changes 
over t i m e . For examp le , a c l ient m i g h t g radua l l y become 
bo red , especial ly a t t en t i ve , w a r m , or host i le . Users must re
spond in quas i - rea l t i m e to the s i tua t ions t h a t arise. I f a user 
does n o t h i n g , or responds too s lowly, t hen agents m i g h t take 
the i n i t i a t i v e , because the i r concerns are no t be ing addressed. 

4 The problem 
4 . 1 P r o b l e m s u m m a r y 

For the w o r k r e p o r t e d in th is paper , the a t t e m p t was made 
to m o d e l a set of four c l ient types iden t i f i ed as p a r t of a 
t r a i n i n g p r o g r a m designed to teach novice account execu
t ives how to sell te lephone-book adver t i s ing (cf . [Kass et a/., 
1992]). These four types , here re fer red to as dominant, polit
ical, steady, and wary, were used to character ize the t yp i ca l 
sor ts o f c l ients one m i g h t expect to encounter in the f ie ld . 
T h e de f in i t ions were b o t h p rac t i ca l and ope ra t i ona l : they 
were descr ibed in a manner congenia l to use in t r a i n i n g sys
tems, ra the r t h a n as set o f f o r m a l psycho log ica l d imens ions, 
and they were p a r t l y def ined by t he the way in w h i c h such 
c l ient t ypes m i g h t be expec ted to respond to pa r t i cu l a r ac
t ions of a salesperson. 

Desc r ip t i ons were g iven in t w o ways. F i r s t , t he c l ient types 
were pa r t i a l l y descr ibed by a set of rules p resc r ib ing w h a t the 
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salesperson shou ld and shou ld n o t do in sales s i tua t ions w i t h 
d i f ferent k inds o f c l ients . One ru le , fo r examp le , says t h a t i f 
one " takes charge" w i t h a d o m i n a n t c l ien t , t h e n one shou ld 
expect t o succeed on l y i n m a k i n g the c l ient angry . A p p r o x 
i m a t e l y 21 such rules were g iven for each c l ient t y p e . Sec
o n d , t h e persona l i t y t ypes were descr ibed in t e rms o f t he i r 
observable behav io ra l sty les (e .g . , laconic o r t a l ka t i ve ) A p 
p r o x i m a t e l y 14 such s ty le character is t ics were g iven for each 
c l ient t y p e . 

T h e g iven task was n o t to b u i l d a f u l l sa les- t ra in ing sys
t e m , b u t r a the r t o exp lore t h e rep resen ta t iona l power o f the 
theory -based a rch i tec tu re in a p rac t i ca l d o m a i n . For th is rea
son no a t t e m p t was made to m o d e l those processes t h a t had 
n o t h i n g to do w i t h e i ther persona l i t y o r the genera t ion o r 
expression of af fect ive s tates. A d d i t i o n a l l y , t he exercise was 
f u r t h e r cons t ra ined by us ing on ly a very s imple concep tua l 
i za t i on o f nego t i a t i on . 

4 . 2 R e p r e s e n t i n g s i t u a t i o n s a n d a g e n t s 

For th is exercise, a sales episode was b roken d o w n i n t o seven 
steps: (1 ) T h e g ree t ing , (2 ) t he f ac t - ga the r i ng sessions, (3 ) 
t he m a k i n g o f the p roposa l , (4 ) s u p p o r t for the c l ient 's deci
s ion, (5 ) the c l ien t 's agreement or d isagreement , (6 ) the nego
t i a t i o n process, and (7 ) the p a r t i n g . Each o f these steps was 
represented as one or more s i m u l a t i o n events. Step (5) had 
four d i f ferent i n s t a n t i a t i o n s depend ing on whe the r or no t the 
c l ient agreed w i t h the p roposa l , and on whe the r the salesper
son w ished to m o d i f y t h e c l ient 's s tance. In some instances 
i t caused a l oop back to step (3 ) . 

T h e f ou r c l ient t ypes represented were: (1) Dom, a d o m i 
nan t persona l i t y w h o prefers log ica l , r ap id decisions, (2 ) Pol, 
a po l i t i ca l pe rsona l i t y w h o l ikes to social ize and is very s ta tus 
conscious, (3) Pas, a passive persona l i t y w h o does no t express 
ob jec t ions , b u t w h o m i g h t act on t h e m , and (4 ) War, a wa ry 
persona l i t y w h o o f ten tends to be anx ious abou t a n y t h i n g 
un fam i l i a r . 

To i l l u s t r a te these d i f ferent c l ient t ypes , let us consider 
how each o f the t h e m m i g h t be expected to appraise the 
salesperson's sty le a t the open ing o f the i n te r v i ew . D o i n 
holds a p r i nc ip le t h a t t he salesperson shou ld be br ief , specif ic 
and to the po in t . R a m b l i n g w i l l waste her t i m e , v i o l a t i ng 
t h a t p r inc ip le and i n te r f e r i ng w i t h her goals, thus , u l t ima te l y , 
i n c u r r i n g anger. P o l has a preference for social n icet ies. He 
has a goal of denn ing roles in the social s t r u c t u r e . To rush 
i m m e d i a t e l y i n t o the business a t h a n d t h w a r t s th is goal and 
w i l l no t please h i m . P a s i s no t comfo r t ab l e w i t h rush ing 
i n t o business e i ther , b u t , un l ike Po l , he is p r i m a r i l y seeking 
to establ ish t h a t the salesman has a genuine in terest in his 
needs and preferences. W a r , l ike D o m , prefers g e t t i n g r i gh t 
to business. Un l i ke D o m , however, she wants al l the steps la id 
ou t me thod i ca l l y . In W a r ' s case, the i n t r o d u c t i o n is especial ly 
i m p o r t a n t in se t t i ng the tone for the session. War tends to 
imag ine the negat ive consequences of suggested courses of 
ac t i on , and i t i s i m p o r t a n t t h a t the open ing o f the i n te rv i ew 
set her at ease. 

T h e s imu la ted agents also tend to express the i r emot ions 
d i f fe rent ly . D o m , for examp le , had ac t i va ted ac t ion pa ths 
for evaluative 3el}-directed attributions tending towards su
periority, competence, intelligence, an obsessive attentional 
focus on goals, and so f o r t h . By con t ras t , W a r had pa ths 
emphas iz ing evaluative self-directed attributions tending to
ward inferiority and powerlessness, tendencies to reappraise 
a situation m a negative light, and so on . 

4 . 2 . 1 U s e r c h o i c e s 

T h e user, t a k i n g t he role o f the salesperson, affects the 
course o f the s i m u l a t i o n . A t each stage d u r i n g t he s imu

la ted i n t e r v i ew the user has menu choices for w h a t to do 
nex t . Once the user selects an o p t i o n , a f r ame represent ing 
t he features of the user's choice is posted to the s imu la t i on 
queue and executed. These and o ther s imu la t i on events give 
rise to s i tua t ions to wh i ch the s imu la ted agents respond in 
accordance w i t h the i r concerns. 

N e w s i tua t ions , and the agents ' responses to t h e m , arise as 
a resu l t of t he user's choices (e.g. , a t t e m p t i n g to "close" t oo 
soon m i g h t lead to anger on the pa r t o f D o m , b u t anx ie ty 
on the p a r t o f W a r ) , in response to act ions on the pa r t o f 
the s imu la ted agents (e .g . , when D o m is angry she m i g h t 
t e r m i n a t e the i n t e r v i e w ) , or by de fau l t (e.g. , i f the user does 
n o t h i n g Pas grows u n c o m f o r t a b l e , and D o m gets ang ry ) . 

In a d d i t i o n to the user choices t h a t arise a t the di f ferent 
stages in the course of the i n t e r v i ew , there are also add i 
t i ona l user choices represent ing the overa l l style of the sales
person. For examp le , the user m i g h t set pacing (moder 
ate, s l o w - t u t o r i a l , f as t - hyped ) , tone ( f r iend ly , cool ) , attitude 
(de fe ren t ia l , take-charge) , style ( b r i e f - summary , anecdota l , 
ex t reme ly -de ta i l ed ) , and so f o r t h , wh i ch also can affect the 
course of the i n te r v i ew . T h e sty le o f the salesperson is dy
namica l l y conf igurab le as the s imu la t i on progresses. 

4 . 3 C o n c l u s i o n s 

On the overa l l represen ta t iona l task there were m i x e d resul ts. 
T h e approach was successful in g i v i ng agents the ab i l i t y to 
appraise s i tua t ions so t h a t the i r concerns led to emot ions 
consistent w i t h the i r i n tended personal i t ies . E igh t y - s i x rules 
spec i fy ing " w h a t to d o " and " w h a t no t to d o " were success
fu l l y represented w i t h i n the s i m u l a t i o n . T h e rules cou ld al l 
be d i rec t l y re la ted , for each of the c l ient types , to appraisals 
o f s i tua t ions t h a t arose in the course o f the s i m u l a t i o n . T h i s 
was the most effect ive componen t in the A R , w i t h respect to 
the cons t ra ined representa t iona l task. 

To account for the conten t of the 86 sales d o m a i n rules, 
each was f i rs t analyzed w i t h respect to the way in wh ich i t 
un ique ly character ized the associated persona l i ty t ype . For 
each ru le , t yp i ca l emot ions such as anger, j oy , fear, and so 
f o r t h , cou ld be in fe r red f r o m the c l ients ' s ta ted or imp l i ed 
react ions to the salesperson's i n i t i a t i ves . W o r k i n g back f r o m 
these emot ions , i t was possible to de te rm ine h igh- leve l f rames 
for goals, p r inc ip les , and preferences wh ich w o u l d lead to the 
associated emo t i on types. F r o m there , lower- level appra isa l 
f rames su i tab le for i n t e r p r e t i n g the ac tua l emo t i on -e l i c i t i ng 
s i tua t ions w i t h i n the s imu la t i on could be iden t i f i ed . These 
were t hen used as the basis for bu i l d i ng the i n te rp re t i ve per
sona l i ty for t h a t pa r t i cu l a r c l ient t ype . For example , f r o m 
the ru le t h a t says never talk down to Pol ( t he po l i t i ca l c l ient 
t y p e ) we m i g h t in fer t h a t Po l cou ld grow angry when t rea ted 
th is way. W i t h i n the cons t ra in ts o f the theory , th is wou ld 
be t r ue i f his personal goals invo lved m a i n t a i n i n g a cer ta in 
s ta tus w i t h i n i n te rpe rsona l re la t ionsh ips , and his pr inc ip les 
said t h a t salespeople shou ld be aware of th is . 

By con t ras t , there was less success in represent ing the given 
behav io ra l styles o f the c l ient types w i t h i n the A R . T h e m a n 
i fes ta t ions o f these styles fe l l i n t o th ree groups. T h e f i rs t 
g roup con ta ined those character is t ics t h a t suggested cer ta in 
act ions. For examp le , harsh m i g h t suggest t h a t , when angry, 
a c l ient m i g h t be b l u n t , or shou t . T h e second g roup con
ta ined those behav io ra l styles d i rec t l y re lated to appraisals, 
such as judgmental, perfectionist, and excitable. T h e t h i r d 
g roup con ta ined those behav io ra l styles t h a t were ub iqu i t ous 
in the c l ient t ypes ' respect ive d ispos i t iona l manners . For ex
amp le , c l ients were descr ibed as dependable and persistent. 



al ly comprehens ib le by people w i t h o u t f u r t h e r spec i f i ca t ion . 
However , i t seems l ike ly t h a t t he A R ' s represen ta t ion o f th i s 
t r a i t as a tendency t o w a r d o the r -d i rec ted e m o t i o n m o d u l a t i o n 
fal ls shor t o f t he m a r k . O n e m i g h t argue t h a t m a n i p u l a t i v e 
people behave as t hey do q u i t e i ndependen t l y o f t he i r emo
t ions . 

T h e second g r o u p o f behav io ra l sty les was read i ly repre
sented as p a r t o f the i n t e r p r e t i v e personal i t ies o f the agents. 
For examp le , fo r an agent to be j u d g m e n t a l s imp l y mean t t h a t 
e i ther the th resho lds for i n v o k i n g s tandards lead ing to neg
a t ive emot ions were l owered , o r t h a t more appra isa l f rames 
lead ing to those emot ions were in p lace. 

T h e man i fes ta t i ons o f behav io ra l s ty le i n the t h i r d g r o u p 
were no t amenab le to rep resen ta t ion i n th is a rch i tec tu re . For 
examp le , be ing slow to make dec is ions p robab l y does no t 
r o u t i n e l y have an af fect ive o r i g i n . T h e best t h e AR cou ld do 
was to represent those e m o t i o n a l react ions an agent m i g h t 
have, for examp le , w h e n under pressure to make a decision 
quickly. 

As i l l u s t r a t e d above, because the A R ' s expressive compo
nent is designed s t r i c t l y as a set of ca tegor ica l responses to 
s imu la ted emot ions , i t i s no t we l l su i ted fo r represent ing dis
pos i t i ona l behav io rs r oo ted i n m o r e cogn i t i ve m o t i v a t i o n s . 
A be t t e r so lu t i on w o u l d have to a d d i t i o n a l l y i n teg ra te some 
represen ta t ion o f i n d i v i d u a l s ' l ong t e r m p l a n n i n g and su rv i va l 
s t rategies. 

A n o t h e r p r o b l e m was in m a k i n g the persona l i t y types ac
cessible to the casual user. T h e i n t u i t i v e g r o u p i n g o f ap
pra isa l f rames i n t o sets t h a t f o r m iden t i f i ab le componen ts o f 
comp le te i n t e rp re t i ve pe rsona l i t y t ypes is a h a r d p r o b l e m on 
wh ich l i t t l e progress was m a d e . S t a n d a r d persona l i t y d is t inc
t ions f r o m persona l i t y t h e o r y i n psycho logy (e .g . , [ D i g m a n , 
1990]) were fe l t t o be u n h e l p f u l because the cons t ruc ts they 
emp loy are n o t l i ke ly to be genera l ly accessible to mos t users. 
I n a d d i t i o n , a t t e m p t i n g t o use t h e m to i d e n t i f y the types o f 
r u d i m e n t a r y personal i t ies represented i n t he A R seems p o i n t 
less because there is so m u c h a b o u t a rea l is t ic charac ter iza
t i o n o f pe rsona l i t y fo r w h i c h no a t t e m p t a t mode l i ng was 
made . I t w o u l d be d i f f i cu l t , for examp le , to adequate ly char
acter ize the re la t i onsh ip be tween soc iab i l i t y , o r ex t ravers ion , 
and the i n t e r p r e t a t i o n of a salesman's g ree t ing . 

F r o m th is modes t exercise the f o l l ow ing conclusions may 
be d r a w n : ( 1 ) the A f fec t i ve Reasoner is wel l su i ted for rep
resent ing t h e i n t e r p r e t i v e d ispos i t i on o f s imu la ted agents in 
social s imu la t i ons , (2 ) i t is capable of represent ing some as
pects o f the i n tended behav io ra l styles o f such agents, (3 ) i t 
i s a w k w a r d a t best , i n i t s cu r ren t f o r m , for represent ing the 
numerous c o m m o n l y u n d e r s t o o d behav io ra l s ty le charac ter 
ist ics wh i ch have l i t t l e to do w i t h e m o t i o n a l s ta tes, and (4 ) i t 
i s capable o f c rea t i ng m a n y i n t e r n a l l y consis tent r u d i m e n t a r y 
persona l i t y t ypes , b u t t h a t subcomponen t s o f these types are 
d i f f i cu l t to charac ter ize in a way m e a n i n g f u l to users. 
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I w o u l d l ike to t h a n k G reg Siegle, and R o b i n B u r k e for 
the i r ed i t o r i a l c o m m e n t s on th i s paper . I w o u l d especial ly 
l ike t o t h a n k A n d r e w O r t o n y fo r n o t on ly his ed i t o r i a l c o m 
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