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Abstract. This pap er describ es a mo del of con v ersation strategies im-

plemen ted in virtual h umans designed to help p eople learn negotiation

skills. W e motiv ate and discuss these strategies and their use to allo w

a virtual h uman to engage in complex adv ersarial negotiation with a

h uman trainee. Choice of strategy dep ends on b oth the p ersonalit y of

the agen t and assessmen t of the lik eliho o d that the negotiation can b e

b ene�cial. Execution of strategies can b e p erformed b y c ho osing sp eci�c

dialogue b eha viors suc h as whether and ho w to resp ond to a prop osal.

Curren t assessmen t of the v alue of the topic, the utilit y of the strategy ,

and a�liation to w ard the other con v ersan ts can b e used to dynamically

c hange strategies throughout the course of a con v ersation. Examples will

b e giv en from the SASO-ST pro ject, in whic h a trainee learns to negoti-

ate b y in teracting with virtual h umans who emplo y these strategies.

1 In tro duction

Ho w can w e teac h negotiating skills e�ectiv ely? E�ectiv e negotiating skills are

critical for man y �elds, suc h as commerce, diplomacy and the military . While

general principles for e�ectiv e negotiation can b e taugh t in a classro om setting,

b ecoming an e�ectiv e negotiator requires practice, usually in a role-pla ying sit-

uation where a teac her or men tor pla ys the part of one of the opp osing part y in

the negotiation. While this approac h can b e v ery e�ectiv e, it is also exp ensiv e

in terms of the h uman resources it requires. In this pap er, w e describ e adv ances

w e ha v e made in the tec hnology of virtual h umans with the aim of allo wing

them to act as role-pla y ers in a negotiation practice. While a negotiation can

b e view ed as a rational pro cess of w eighing costs and b ene�ts, an y one who has

haggled with a salesman o v er the purc hase price of a new car kno ws that there

are signi�can t emotional and non-rational asp ects. If virtual h umans are to b e

e�ectiv e role-pla y ers, they m ust incorp orate these asp ects as w ell.

Our w ork on virtual h umans is part of the o v erall researc h agenda of creating

em b o died con v ersational agen ts (see collected pap ers in [1]) that can engage in

sp ok en language in teraction with h umans, although our emphasis in this pap er



on mo deling h uman-lik e negotiation b eha vior is unique. This emphasis also sets

us apart from the e�orts in the m ulti-agen t comm unit y on negotiation where the

emphasis is in mo deling largely agen t-agen t negotiations as a means to ac hiev e

b etter or more pro�table co ordination and co op eration (e.g., [2]). The researc h

w e describ e here extends virtual h uman mo dels suc h as those deplo y ed in the

MRE pro ject [3, 4] b y endo wing the virtual h umans with strategies for negoti-

ation, endo wing them with the abilit y to mo del the emotions that arise during

a negotiation, and pro viding facilities for them to comm uni cate v erbally and

non-v erbally during a negotiation dialogue.

The next section describ es the initial domain w e ha v e c hosen to illustrate this

researc h. Section 3 discusses an approac h to adv ersarial comm unication based

on analyses of negotiation in so cial sciences. Section 4 presen ts a �rst syn thesis

of this w ork in terms of strategies for virtual h umans. Section 5 describ es the

extensions w e ha v e made to the virtual h umans from the MRE pro ject to incor-

p orate these strategies and supp ort adv ersarial negotiation. Section 6 concludes

with a discussion of future w ork.

2 Domain T estb ed: Stabilization and Supp ort Op erations

Fig. 1. SASO-ST VR clinic and virtual h uman do ctor

Whether it is Koso v o, East Timor, or Iraq, one lesson that has emerged

from attempts at \p eacemaking" is that negotiation skills are needed across all

lev els of civilian and go v ernmen t organizations in v olv ed. T o b e successful in these

op erations, a lo cal military commander m ust b e able to in teract with the lo cal

p opulace to �nd out information, negotiate solutions, and resolv e minor problems



b efore they b ecome ma jor. T o ha v e a lasting p ositiv e e�ect, in teractions b et w een

military and lo cals m ust b e carried out in a w a y that generates go o dwill and

trust. W e ha v e selected this general class of op erations as a testb ed for our w ork

on negotiation.

More sp eci�cally , w e are dev eloping a training scenario in whic h a lo cal mil-

itary commander (who has a rank of captain) m ust negotiate with a medical

relief organization. A virtual h uman pla ys the role of a do ctor running a clinic.

A h uman trainee pla ys the role of the captain, and is supp osed to negotiate with

the do ctor to get him to mo v e the clinic, whic h could b e damaged b y a planned

military op eration. Ideally , the captain will con vince the do ctor without resort-

ing to force or threats and without rev ealing information ab out the planned

op eration. Figure 1 sho ws the trainee's view of the do ctor in his o�ce inside

the clinic. The success of the negotiation will dep end on the trainee's abilit y

to follo w go o d negotiating tec hniques, when confron ted with di�eren t t yp es of

b eha vior from the virtual do ctor.

3 Adv ersarial Negotiation

One of the cen tral w a ys to c haracterize negotiation under adv ersarial conditions

is with resp ect to the tension b et w een comp etition and co op eration. Negotiators

ma y ha v e di�eren t goals, p erceiv e themselv es in con
ict o v er those goals but ma y

also p erceiv e the need to co op erate to some degree to ac hiev e their goals. In this

view, one can c haracterize the state of a negotiation pro cess from the p ersp ec-

tiv e of the comp etitiv e/co op erativ e orien tation of the parties to the negotiation

and the strategies they emplo y in ligh t of those orien tations. Sp eci�cally , one

oft-made distinction is b et w een in tegrativ e and distributiv e [5] situations. If a

negotiation is a win-lose game where there is a �xed v alue to b e distributed,

then it is called distributiv e. There will b e a winner and a loser. In con trast, an

in tegrativ e situation is one where b oth sides can p oten tially win, a win-win sit-

uation where negotiation could add v alue and b e of b ene�t to b oth sides. These

basic distinctions presume some commitm en t to engage in negotiation. Ho w ev er,

an individual ma y simply b eliev e that there is no p ossible b ene�t or ev en need

to negotiate. This individual ma y ha v e an orien tation to simply a v oid the ne-

gotiation or den y the need for it, what is termed a v oidance (e.g., [6]). W e th us

start with three basic orien tations to w ard a negotiation: a v oidance, distributiv e,

and in tegrativ e. Whenev er an agen t seriously considers a negotiation situation

it will c ho ose one of these three orien tations

Negotiators ma y p erceiv e a situation as one to b e a v oided, or as a distribu-

tiv e or in tegrativ e situation regardless of whether this re
ects the true situation.

Changing the p erceptions of other agen ts is often one of the main tasks in a suc-

cessful negotiation. Based on curren t p erceptions, p eople tend to use a range of

dialog tactics consisten t with their orien tations [7, 6]. Av oidance tactics include

shifting the fo cus of con v ersation and dela ys. Distributiv e tactics can include

v arious defensiv e mo v es suc h as stating prior commitm en ts that bind the nego-

tiator or argumen ts that supp ort the negotiator's p osition. Distributiv e tactics



can also b e more o�ensiv e, suc h as threats, criticisms, insults, etc. In tegrativ e

tactics are more co op erativ e with negotiators actually attempting to see issues

from the other's p ersp ectiv e. T actics can b e argumen ts that supp ort the other's

p osition, acceptances of o�ers, o�ers of supp ort, etc. Note at a �ner grain of anal-

ysis, the tactics emplo y ed ha v e b oth instrumen tal and a�ectiv e comp onen ts. F or

example, distributiv e tactics, b esides trying to gain comp etitiv e adv an tage, tend

to b e asso ciated with angry or in timidating b eha vior whereas the in tegrativ e

tactics try to promote a p ositiv e a�ectiv e climate [7].

Negotiators will often shift orien tations during the course of a negotiation.

Sev eral factors ha v e b een iden ti�ed as b eing critical to mo ving to w ards an in te-

grativ e orien tation, including acts of recipro cit y , establishing trust, reinforcing

shared goals, etc. (e.g., [8]).

4 Negotiation Strategies for Virtual Humans

One of our �rst steps to w ard implemen ting a virtual do ctor c haracter w as to

analyze ho w p eople act in that role. T o this end, w e ha v e b een conducting a

series of role-pla y sessions, in whic h one p erson pla ys the role of the captain while

another pla ys the role of do ctor. Eac h is giv en a short set of instructions with

di�eren t bac kground information, goals, and resources for the negotiation, but

giv en freedom as to ho w to conduct the negotiation and react to their partner.

In these dialogues w e can see examples of eac h of the orien tations describ ed

in the previous section. F or example in (1), the do ctor displa ys an a v oidance

orien tation, and is able to div ert the topic of the con v ersation from the mo v e to

the military' s role in up coming op erations for o v er 10 turns (only the �rst few

are sho wn here). In (2), w e see a do ctor illustrating the distributiv e orien tation,

con testing the basic facts and goals rather than w orking together on common

issues. In (3), w e see an example of in tegrativ e orien tation, the do ctor ha ving

accepted the danger of the curren t lo cation and willing to meet the captain's

goals if his o wn are also addressed.

(1) C: it's a temp orary mo v e, once the battle is o v er, y ou will b e mo v ed bac k.

D: Wh y don't y ou cancel y our battle? Wh y don't y ou not kill these p eople.

C: W e're not the ones deciding the battle.

D: Y ou're the ones here. Y ou're telling me this.

(2) C: W e need to mo v e as so on as p ossible. There are insurgen ts in the area.

This is v ery unsafe, y ou're putting y ourself and y our patien ts in danger.

D: Wh y? I don't w an t to mo v e. I ha v e all these patien ts here. They w on't

mo v e, if I mo v e who w ould who could sa v e them?

C: Sir, Ev ery one is in danger! If w e sta y here there's ...

D: I'm not in danger

(3) C: insurgen ts will not hesitate to harm civilians if that's their path that

they need to tak e. They w on't hesitate to harm do ctors, a do ctor or ev en

injured patien ts if they feel that's the the means to their end.



D: w ell

C: this is wh y y ou need to come to us.

D: I think w e can mak e a deal. Y ou can giv e me medical supply , and then

w e can go with y ou. I need supplies as so on as p ossible. As y ou can see,

w e are running out of supplies.

W e ha v e dev elop ed str ate gies for eac h of these orien tations. Our virtual h u-

mans can use the strategies to adjust their b eha vior to w ard the orien tations

describ ed ab o v e. A strategy consists of sev eral asp ects including: en try con-

ditions , whic h indicate when adoption is appropriate; exit conditions , whic h

indicate when the strategy should b e dropp ed (often in fa v or of more appropriate

strategies); asso ciated mo v es , whic h can b e p erformed as tactics to implemen t

the strategy; and in
uences of the strategy on b eha vior and reasoning. These

asp ects result from the underlying emotion and dialogue mo dels of the virtual

h umans.

The EMA ( EM otion and A daptation) mo del of emotion [9] describ es ho w

coping strategies arise as cognitiv e and ph ysical resp onses to imp ortan t ev en ts,

based on the appraisal [10] of p erceptions related to goals and b eliefs. Appraisal

c haracterizes ev en ts in terms of v ariables that guide the selection of an appropri-

ate resp onse (e.g., is this desirable? can it b e a v oided?), but the ev en t need not

b e ph ysical. Negotiation strategies can th us b e seen as t yp es of coping strategies

in whic h the ev en t in question is the negotiation itself, and mo v es are the t yp es

of dialogue actions an agen t will p erform as part of a negotiation.

The a v oidance orien tation arises from an appraisal that the negotiation is

undesirable but a v oidable. The main motiv ation is to try to escap e from the

negotiation. When this appraisal is activ e, the agen t c ho oses an a v oidance

strategy . Exit conditions will b e the negation of either of the en try conditions |

when the agen t b eliev es either that the negotiation has some utilit y or that it

is not a v oidable, the agen t will abandon the a v oidance strategy . The a v oidance

strategy in v olv es attempts to c hange the topic of a con v ersation or get out of

it en tirely . When applying the a v oidance strategy an agen t will refrain from

commen ting on the ob ject of negotiation, ev en to refute claims.

When in distributiv e mo de, the agen t will attempt to \win" rather than

\lose" the negotiation. This can b e asso ciated with sev eral strategies, dep ending

on the t yp e of decisions to b e made and the range of p ossible alternativ es. An

attack strategy is appropriate when the appraisal is that a negotiation is not

a v oidable and the prop osal is undesirable. Other strategies are also appropriate

for a distributiv e orien tation, including defense against a threat rather than at-

tac k, or making unreasonable demands in the hop e the other part y will drop the

negotiation. W e defer this for future w ork. One should drop an attac k strategy

when either the negotiation b ecomes desirable, or it b ecomes more pro�table

to a v oid (or defend) than attac k. The attac k strategy in v olv es p oin ting out the

reasons wh y a prop osal is 
a w ed, or ad hominem attac ks on the negotiator.

An in tegrativ e orien tation leads to attempts to satisfy the goals of eac h of the

participan ts. The negotiate strategy is appropriate when an agen t thinks there

is a p ossible v alue to the negotiation | e.g., there is a higher exp ected utilit y



from the exp ected outcomes than w ould b e the case without the negotiation. This

strategy is dropp ed either when the p erceiv ed utilit y of con tin uing to negotiate

drops b elo w a threshold, or when the negotiation has b een completed. Mo v es

in the negotiation strategy in v olv e problem solving and bargaining, m uc h in the

manner of the team negotiation in [4].

The success of a negotiation is also mediated b y factors that in
uence the

p erceiv ed trust b et w een parties, including a b elief in shared goals, credibilit y

and in terdep endence. The do ctor is unlik ely to b e sw a y ed b y an o�er of aid if he

do es not b eliev e the captain can and will ful�ll his commitm en ts. T rust issues

are p erv asiv e throughout the strategies, though building trust will b e crucial in

allo wing the adoption of in tegrativ e strategies, since there can b e little p oin t in

negotiating with someone y ou exp ect to lie, b e ill-disp osed to w ard y ou, or not

k eep their side of a bargain.

Implemen ting the strategies in a virtual h uman leads to m uc h more realistic

negotiation b eha vior, allo wing our virtual h uman to engage in man y of the t yp es

of b eha vior seen in the role pla y exercises. F or example, the dialogue in Figure 2

sho ws a sample in teraction with our virtual do ctor. This is just one of man y

p ossible in teractions, dep ending on the c hoices of the h uman captain, as w ell as

sev eral asp ects (some probabilistic) in
uencing the c hoice of mo v es and strategy

transitions of the virtual h uman do ctor. W e can see sev eral distinct phases of this

dialogue, relating to di�eren t negotiation strategies. The initial segmen t (turns

1-7 ) includes initial greetings and establishing the topic for the con v ersation -

the captain w an ts to mo v e the clinic. In turns 8-12, the do ctor engages in the

a v oidance strategy , trying to a v oid this topic b y bringing up other issues, suc h

as his need for supplies, and the general problems of con
ict. In turns 14-20,

the do ctor has adopted the attac k strategy , and p oin ts out problems with the

prop osed mo v e. In turns 22-25, the do ctor is in the negotiate strategy , and an

actual bargain is struc k. Finally , turns 26-30 sho w a closing phase in whic h the

do ctor disengages from the con v ersation, while the captain tries to establish

go o d relations for future in teraction. Application of these strategies in
uences

not just the c hoice of dialogue mo v e, but the whole b o dy p osture of the do ctor

and use of gestures and expressions as w ell. In the next section w e giv e more

details on ho w these strategies are implemen ted in virtual h umans.

5 Virtual Human Negotiation Implem en tation

W e tak e as our starting p oin t the virtual h umans implem en ted as part of the

MRE pro ject [3]. These virtual h umans are em b edded in a dynamic virtual w orld,

in whic h ev en ts can happ en, agen ts can p erform actions, and h umans and virtual

h umans can sp eak to eac h other and comm unicate using v erbal and non-v erbal

means. The virtual h umans include sophisticated mo dels of emotion reasoning

[9], dialogue reasoning [11] and a mo del of team negotiation [4]. Agen ts use a ric h

mo del of dialogue closely link ed with a task mo del and emotional appraisals and

coping strategies for b oth in terpretation of utterances as w ell as for decisions

ab out when the agen t should sp eak and what to sa y .



1 C Hello Do ctor P erez.

2 D Hello.

3.1 C I am Captain Kirk.

3.2 C V ery nice to meet y ou! [ +F AMILIARITY ]

4 D What do y ou w an t?

5 C I ha v e orders to assist y ou in mo ving this clinic to a safer lo cation.

6 D Y ou w an t to mo v e the clinic?

7 C Y es [ -SOLID ARITY ]

Strategy shift: Av oid negotiating ab out mo v e

8.1 D This con
ict is madness, it is killing p eople!

8.2 D W e need prop er supplies here!

9 C It is not safe here w e can't protect y ou. [ -CREDIBILITY ]

10.1 D Protect me? Protect me from what?

10.2 D Are y ou going to attac k?

11 C I can not disclose more information but it will b e a problem to sta y here.

12 D Y ou are the problem y our b om bs are killing these p eople!

13 C Sir, w e are trying to help these p eople to o. [ -CONTR OL +SOLID ARITY ]

Strategy shift: Disrupt negotiation ab out mo v e

14.1 D The patien ts are here,

14.2 D to mo v e the clinic is not p ossible w e ha v e man y patien ts in critical condition.

15 C W e can mo v e y ou to a safer lo cation.

16 D I can't mo v e all these patien ts.

17 C W e can organize transp ortation and assist y ou with mo ving. [ +SOLID ARITY ]

18 D I can't mo v e all these patien ts.

19 C W e can ha v e lo cals mo v e y ou. [ +SOLID ARITY ]

20 D There are no supplies there.

21 C W e can pro vide y ou with supplies to help y our patien ts. [ +SOLID ARITY ]

Strategy shift: Willin gly negotiate ab out mo v e

22.1 D I think I understand what y ou sa y .

22.2 D W ell p erhaps w e can reac h an agreemen t,

22.3 D but b efore w e can think ab out mo ving, w e need y ou to bring an tibiotics and

plasma to stabilize the patien ts. [ +INTERDEPENDENCE ]

23 C W e can do that! [ +SOLID ARITY ]

24.1 D W ell,...

24.2 D V ery w ell Captain con tact m y assistan t to mak e further arrangemen ts.

25 C I'll see to it p ersonally . [ +SOLID ARITY ]

26.1 D I understand y our p osition.

26.2 D My patien ts need m y atten tion no w.

27 C Thank y ou Do ctor!

28.1 D W ell,....

28.2 D I m ust go no w

29 C Go o db y e.

30 D Go o d b y e.

Fig. 2. Example negotiation dialogue b et w een C, a captain (h uman trainee) and D, a

do ctor (virtual Human), sho wing strategy shifts and p ositiv e and negativ e e�ects on

trust.



T o negotiate and collab orate with h umans and arti�cial agen ts, virtual h u-

mans m ust understand not only the task under discussion but also the under-

lying motiv atio ns, b eliefs and ev en emotions of other agen ts. The virtual h u-

man mo dels build on the causal represen tations dev elop ed for decision-theoretic

planning and augmen t them with metho ds that explicitly mo del commitm en ts

to b eliefs and in ten tions. Plan represen tations pro vide a concise represen tation

of the causal relationship b et w een ev en ts and states, k ey for assessing the rel-

ev ance of ev en ts to an agen t's goals and for assessing causal attributions. Plan

represen tations also lie at the heart of man y reasoning tec hniques (e.g., plan-

ning, explanation, natural language pro cessing) and facilitate their in tegration.

The decision-theoretic concepts of utilit y and probabilit y are k ey for mo deling

non-determinism and for assessing the v alue of alternativ e negotiation c hoices.

Explicit represen tations of in ten tions and b eliefs are critical for negotiation and

for assessing blame when negotiations fail [12].

These virtual h umans th us pro vided a go o d starting p oin t for implemen tatio n

of the negotiation strategies describ ed in the previous section. In the rest of

this section w e describ e the enhancemen ts to these virtual h umans whic h w ere

necessary to allo w adv ersarial negotiations suc h as that sho wn in Figure 2. First,

w e talk ab out asp ects of the task and emotion mo del, including meta-actions for

negotiation itself, whic h allo ws explicit calculation of the costs and b ene�ts of

negotiating, and serv es to inform the decisions for en tering and exiting strategies.

Next, w e talk ab out the trust mo del, whic h is b oth dynamic through the course

of a dialogue and in
uences cognitiv e and expressiv e b eha vior. Then w e examine

extensions to the dialogue mo del to use strategies in c hoice of mo v e and b o dy

p osture. Finally w e brie
y describ e a to ol to lo ok inside the mind of the virtual

h uman and see the e�ects of sp eci�c utterances.

5.1 Appraising the Negotiation

The EMA mo del of emotion incorp orates general pro cedures that recast the

notion of emotional appraisal in to an analysis of the causal relationship b et w een

actions and goals in an agen t's w orking memory . F or example, if an action of the

Captain threatens one of the do ctor's goals, this is undesirable and deserving

of blame, resulting in a resp onse of anger. Dep ending on if the Do ctor can tak e

actions to confron t the threat, he ma y feel in con trol and engage in problem-

fo cused coping, or resign himself to the threat.

Our view of negotiation orien tation as a form of appraisal and coping can

b e represen ted within this existing mo del b y simply enco ding the negotiation

pro cess as just another plan (alb eit a meta-plan [13]) within the task repre-

sen tation describ ed ab o v e. The p oten tial outcomes of this plan are appraised

alongside the rest of the task net w ork b y the existing appraisal mec hanisms,

and coping strategies applied to this task are mapp ed in to di�eren t dialogue

mo v es. Th us, the negotiation ab out mo ving the clinic is represen ted as a single

\negotiate(mo v e-clinic)" action that is automatically added to the task mo del

in resp onse to the user op ening a negotiation. This action has t w o meta-e�ects,



\cost" and \b ene�t" whic h represen t the p oten tial costs and b ene�ts of mo ving

the clinic to another lo cation.

Tw o extensions are needed to deriv e the utilit y of these meta-e�ects and

their lik eliho o d of attainmen t. One extension to the mo del is that the utilities

of these meta-e�ects are dynamically computed based on the curren t task and

dialogue state. In particular, the costs and b ene�ts are deriv ed b y appraising the

individual sub-actions of the \mo v e-clinic" plan. An y desirable e�ects with high

in tensit y are view ed as b ene�ts and an y undesirable e�ects with high in tensit y

are costs. Curren tly , these are simply added to compute an o v erall cost and

b ene�t. The p erceiv ed cost and b ene�t ma y c hange through the course of the

negotiation. F or example, the do ctor ma y b eliev e there are no supplies in the

new lo cation (a necessary precondition of the imp ortan t goal of treating victims),

but the trainee ma y o�er to pro vide supplies, and if b eliev ed, this commitm en t

w ould negate this threat to the mo v e-clinic plan. A second extension is to base

the lik eliho o d that the negotiation will succeed on prop erties of the dialogue

state. Curren tly , w e adopt a simple heuristic. If the trainee p ersists in discussing

the negotiation, its lik eliho o d of success increases, though the costs and b ene�ts

of that success will dep end on what concessions. the trainee has made.

Appraisal and coping op erate directly on this meta-action. If the costs exceed

the b ene�ts (appraised as undesirable) but the negotiation is unlik ely to succeed

(leading to an appraisal of high c hangeabilit y), the do ctor will resp ond with mild

fear and cop es through a v oidance. If the trainee p ersists in discussing the mo v e

(leading to an appraisal of lo w c hangeabilit y), without addressing the underlying

costs and b ene�ts, the do ctor will resp ond with anger and cop e b y w orking

against the negotiation (corresp onding to the distributiv e orien tation). If the

trainee mak es concessions that raise the p erceiv ed b ene�ts of the mo v e, the

do ctor will resp ond with hop e and w ork to w ards the negotiation (corresp onding

to the in tegrativ e orien tation).

5.2 Mo deling T rust

According to the dialogue mo del in [14], the direct e�ect of an assertion is the

in tro duction of a commitm en t, whether or not either part y b eliev es in the asser-

tion. While this is su�cien t for reasoning ab out the claims and resp onsibilit y for

information, w e need to go further and p oten tially c hange b eliefs and in ten tions

based on comm uni cated information. T rust is used to decide whether to adopt

a new b elief based on the commitm en ts of another.

Similar to [15] and [16] , trust is mo deled as function of underling v ariables

that are easily deriv ed from our task and dialogue represen tations. Solidarity is a

measure of the exten t to whic h parties ha v e shared goals. Solidarit y is p ositiv ely

up dated when the trainee mak es assertions or demands that are congruen t with

the agen t's goals. Cr e dibility is a measure of the exten t to whic h a part y mak es

b eliev able claims. It is p ositiv ely up dated when the trainee mak es assertions that

are consisten t with the agen t's b eliefs. Finally , familiarity is a measure of the

exten t to whic h a part y ob eys norms of p oliteness. Curren tly , an o v erall measure

of trust is deriv ed as a linear com bination of these three factors.



5.3 Acting on Negotiation Strategies

W e extended the dialogue mo del of [3, 4] to tak e explicit accoun t of strategies

and their in
uence on dialogue b eha vior. This mo del already allo w ed b oth reac-

tiv e resp onses (e.g., to answ er a question, to ground an utterance, to resp ond to

a prop osal) or sp eak er initiativ es (e.g., to suggest a necessary or desired action,

to bring the dialogue bac k on trac k, according to an agenda of \to b e discussed"

items). This mo del did not address non-team negotiation; the in tegrativ e ap-

proac h w as assumed and there w as no p ossibilit y of a v oiding a negotiation or

trying for an outcome other than what w as go o d for the whole team. W e ha v e

extended the mo del to include explicit strategies, as describ ed ab o v e, whic h go v-

ern ho w agenda items will b e discussed. Strategies go v ern c hoice of topic and

dialogue acts, base b o dy p osture, and v erbal and non-v erbal (e.g. w ords and

gestures) realizations of acts.

The a v oidance strategy is implem en ted b y rev ersing the usual topical coher-

ence guidelines of stic king with one topic un til it is resolv ed b efore bringing up

a new agenda item. When a v oiding a topic, rather than direct grounding or ne-

gotiation, agenda items whic h are not cen tral to the topic itself are raised. The

do ctor's non v erbal b eha vior also c hanges, including a p osture shift to a crossed

arm stance, as sho wn in Figure 1.

The attac k strategy do es fo cus on the topic itself, but only on the reasons

wh y it migh t b e bad. Eac h of these (p oten tial) reasons, as calculated b y the task

mo del, are added to the agenda, prioritized b y the imp ortance of the ob jection.

When the sp eak er no longer thinks they are ob jections, they will b e remo v ed

from the agenda. There is also a preference to bring up new ob jections rather

than rep eat old ones (sub ject to the relativ e imp ortance). If the attac k strategy

is used when there are no ob jections in the task mo del, the sp eak er will instead

question the motiv ations for the action. When applying the attac k strategy , the

do ctor assumes an aggressiv e stance, with arms on hips at rest p osition.

The negotiate strategy follo ws the mo del from [4], with the fo cus of negotia-

tion to mak e sure that subactions of a plan to ac hiev e a shared goal are commi t-

ted to b y the relev an t agen ts, and maximi zing utilit y for the sp eak er, p erhaps

through bargaining. When follo wing the negotiate strategy , the do ctor's p osture

is more op en, with arms casually to the side, when at rest.

Some of the same topics ma y b e brough t up in b oth the attac k and negoti-

ate strategies, for example, the de�ciencies of a plan. Generally there will b e a

di�erence in fo cus, ho w ev er | in the attac k strategy the fo cus is on wh y this is

a reason not to act, while in the negotiate strategy , the fo cus is on the concern

as a m utual problem to b e addressed and solv ed.

5.4 Explaining Agen t Negotiating Beha vior

F or really learning ab out negotiation it is v ery helpful to kno w not just what the

other part y did, but wh y . In real negotiations it is usually not p ossible to get

\inside the head" of the negotiating partner, and ev en subsequen t questions can

sometimes damage the nature of the in teraction itself. In this resp ect, virtual



9 C it is not safe here w e can t protect y ou

DECREASES CREDIBILITY: c aptain asserte d unb elieve d state 'p atients- uns afe -he r e'

10.1 D protect me protect me from what

'p atients-un saf e-h er e' c ould b e establishe d by c aptain 's act of 'planne d-at tac k'

10.2 D are y ou going to attac k

11 C i can not disclose more information but it will b e a problem to sta y here

12 D y ou are the problem y our b om bs are killing these p eople

13 C sir w e are trying to help these p eople to o

DECREASES CONTR OL:c aptain p ersists in ne gotiating 'run-clinic-th er e'

INCREASES SOLID ARITY: c aptain c ommitte d to achieve desir e d state 'help-victi ms'

Strategy shift: Disrupt negotiation ab out run-clini c-th ere

(outc ome se ems ne gative but ne gotiation se ems unavoidable )

Fig. 3. example trace from AAR to ol

h umans presen t a real opp ortunit y to impro v e on training. W e ha v e implem en ted

a trace facilit y that pro vides an annotated transcript of the dialogue, sho wing not

just what the virtual h uman though t w as said, but ho w it in
uenced his trust,

b eliefs, and strategy c hoice. This to ol can b e used in an \after action review"

(AAR) to lo ok in detail at the sp eci�c e�ects the trainee's negotiation tactics

had. Figure 2 sho ws a v ery abbreviated v ersion of this (for b oth space and clarit y

reasons). In Figure 3 w e sho w the full trace for a small section of the dialogue.

Here w e can see the reason for decreases in credibilit y and con trol and increases

in solidarit y at these p oin ts as e�ects of the commitm en ts the captain mak es in

relation to desires and b eliefs of the do ctor. Initially the do ctor do es not b eliev e

the assertion made in 9. Ho w ev er, he realizes that if the captain attac ks, that

w ould establish the unsafe condition, leading to the pro v o cativ e question. Later

on, w e see that the captain's p ersistence in talking ab out mo ving leads to the

abandonmen t of the a v oidance strategy .

6 Curren t Directions and F uture W ork

Our curren t implemen tatio n allo ws a h uman to in teract with the virtual do c-

tor using sp eec h and ha v e man y di�eren t negotiations of the sort illustrated in

Figure 2. The success or failure of the negotiation dep ends on the use of go o d

negotiating tactics. W e are expanding the co v erage in sev eral directions to b e

able to handle fully sp on taneous dialogue suc h as those from whic h (1),(2), and

(3) w ere tak en from. W e also plan to ev aluate the p erformance of the do ctor

virtual agen t, in a manner similar to the ev aluation done for the MRE system

[17].

Negotiation is a complex h uman in teraction. Although w e ha v e made signi�-

can t progress in mo deling negotiation, m uc h w ork remains and there are sev eral

directions w e plan to tak e our researc h next in order to extend our mo dels. The

so cial science literature has iden ti�ed a wide range of dialog mo v es/tactics that

negotiators use and w e are in terested in extending our w ork to incorp orate these



mo v es. W e also w an t to extend the reasoning capabilities to handle other issues

in constructing argumen ts and con
ict resolution, e.g. [18]. Another k ey in terest

for us is the role that cultural factors pla y in negotiation, sp eci�cally , the role

that culture pla ys in the concerns of the negotiators, their tactics and non v erbal

b eha vior.
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