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Abstract

W e presen t a virtual h uman do ctor who can

engage in m ulti-m o dal negotiation dialogue

with p eople from other organizations. The

do ctor is part of the SASO-ST system, used

for training for non-team in teractions.

1 In tro duction

Virtual h umans can pla y an imp ortan t role in help-

ing train skills of in teracting with others who ha v e

di�eren t b eliefs, goals, and st yles of b eha vior. By

building virtual h umans that are not just h umanoid

in app earance and external b eha vior, but whic h also

ha v e in ternal mo dels (including b eliefs, goals, plans,

and emotions) and abilit y to reason o v er these mo d-

els and form ulate appropriate strategies and b eha v-

iors on the basis of the mo dels and p erceptual input,

virtual h umans can b eha v e appropriately for a range

of so cial relationships.

In previous w ork (Ric k el et al., 2002; T raum et al.,

2003), w e describ ed a negotiation mo del that could

allo w virtual h umans to engage as teammates. This

mo del assumed that teammates shared common end

goals, participated in a so cial institution with roles

that the participan ts pla y ed, and had strong trust in

the other teammates' abilities and v eracit y . It did

not address ho w virtual h umans migh t in teract in

the case where these factors w ere lac king, and ho w

to b egin to form them through in teraction.

In this demo, w e presen t Dr P erez, a virtual h u-

man implemen ted with an extension to this mo del.

The extended mo del allo ws for the case in whic h re-

lationships ma y need to b e dev elop ed during the in-

teraction, and in whic h the virtual h uman's b eha vior

ma y b e v ery di�eren t dep ending on the nature and

strength of the relationships. More details on the

agen t mo del can b e found in (T raum et al., 2005b)

and more on the negotiation mo del can b e found in

(T raum et al., 2005a).

Figure 1: VR clinic and virtual h uman do ctor

In the next section, w e describ e our initial testb ed:

a scenario within the SASO-ST pro ject. In Section 3,

w e brie
y describ e the virtual h uman mo del and ho w

trust of the agen t to w ard another is calculated. In

section 4, w e sho w t w o example in teractions with this

agen t, sho wing ho w the dynamic trust mo del is dev el-

op ed during the in teraction and ho w this can a�ect

the agen t's c hoice of utterance. W e conclude with

some remarks ab out curren t and future directions.

2 Domain T estb ed: supp ort

op erations

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

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 sce-

nario in whic h a lo cal military commander (who has



a rank of captain) m ust negotiate with a medical re-

lief 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

resorting 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 ne-

gotiating tec hniques, when confron ted with di�eren t

t yp es of b eha vior from the virtual do ctor.

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, credibil-

it 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 negotiation, since

there is usually not m uc h 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.

3 Virtual Human Negotiation

Impleme n tation

Our starting p oin t w as the virtual h umans imple-

men ted as part of the MRE pro ject (Ric k el et al.,

2002). These virtual h umans are em b edded in a dy-

namic 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 u-

mans are extensions of the Stev e agen t (Ric k el and

Johnson, 1999), and include sophisticated mo dels

of emotion reasoning (Gratc h and Marsella, 2004),

dialogue reasoning (T raum and Ric k el, 2002) and

a mo del of team negotiation (T raum et al., 2003).

Agen ts use a ric h mo del of dialogue closely link ed

with a task mo del and emotional appraisals and cop-

ing 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 .

T o negotiate and collab orate with h umans and

arti�cial agen ts, virtual h umans m ust understand

not only the task under discussion but also the un-

derlying motiv ations, b eliefs and ev en emotions of

other agen ts. The virtual h uman 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 rep-

resen tation of the causal relationship b et w een ev en ts

and states, k ey for assessing the relev ance of ev en ts

to an agen t's goals and for assessing causal attri-

butions. Plan represen tations also lie at the heart

of man y reasoning tec hniques (e.g., planning, expla-

nation, 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 alterna-

tiv 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 (Mao and

Gratc h, 2004).

3.1 Mo deling T rust

According to the dialogue mo del in (Matheson et

al., 2000), 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 assertion. While this is su�-

cien t for reasoning ab out the claims and resp onsibil-

it y for information, w e need to go further and p oten-

tially c hange b eliefs and in ten tions based on comm u-

nicated information. T rust is used to decide whether

to adopt a new b elief based on the commitm en ts of

another.

Similar to (Marsella et al., 2004) and (Cassell and

Bic kmore, 2001) , trust is mo deled as function of un-

derlying 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. It is deriv ed from a running tally of ho w man y

times 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 a part y mak es b eliev able

claims. It is deriv ed from a running tally of ho w

man y times the trainee mak es assertions that are

consisten t with the agen t's b eliefs. Finally , familiar-

ity 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.

3.2 Negotiation Strategies

In (T raum et al., 2005a) w e describ e the negotia-

tion strategies that the virtual do ctor uses, based on

his curren t feeling ab out the desirabilit y and a v oid-

abilit y of the ob ject of negotiation, and the degree of

closeness with his in terlo cutor. A strategy consists of

sev eral asp ects including: en try conditions , whic h

indicate when adoption is appropriate; exit condi-

tions , whic h indicate when the strategy should b e

dropp ed (often in fa v or of more appropriate strate-

gies); asso ciated mo v es , whic h can b e p erformed

as tactics to implemen t the strategy; and in
u-



ences 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. Aside

from rudimen tary strategies for op ening and closing

a dialogue, w e ha v e implem en ted three negotiation

strategies, patterned on studies of h uman negotia-

tion (e.g., (W alton and Mc k ersie, 1965; Sillars et al.,

1982)). If the do ctor feels the negotiation is unde-

sirable but a v oidable, he c ho oses an avoidanc e strat-

egy , manifested b y attempts to lea v e the con v ersa-

tion or c hange the topic. If he feels it is undesirable

y et una v oidable, he c ho oses an attack strategy , man-

ifested b y questioning the captain or p oin ting out

(p oten tial) problems in the plan. Finally , if the do c-

tor thinks he can get something p ositiv e from the

negotiation, he will adopt a negotiate strategy , in

whic h case, op eration is m uc h lik e a team-negotiation

(T raum et al., 2003).

4 Example In teractions

Consider the dialogue in Figure 2. 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.

Here the captain acts as he migh t with a team

mem b er - after starting the con v ersation, launc hing

directly in to his purp ose, and answ ering a question

straigh tforw ardly . While this w ould ha v e w ork ed

with a sub ordinate team-mem b er, it has disastrous

e�ects on the neutral do ctor, bringing his trust lev el

almost do wn to zero and failing to accomplish b oth

ob jectiv es.

In this dialogue, nothing w as done b y the captain

to try to establish a b etter relationship with the do c-

tor, or address the issue of di�ering ob jectiv es and

b eliefs. The �rst exc hange after the greetings (ut-

terances 2-5) lo w ers solidarit y b y sho wing di�eren t

ob jectiv es, setting up more of an an tagonistic than

co op erativ e in teraction. The do ctor tries to a v oid the

topic, fo cusing instead on his patien ts, rather than

the captain's stated goal. The captain tries to argue

for his prop osed course of action, but only mak es

things w orse with utterance 7. First, he sa ys some-

thing the do ctor do esn't b eliev e (that the clinic is in

danger), lo w ering his credibilit y . The do ctor is able

to reason though that p erhaps the captain kno ws of

a reason wh y it will b e unsafe, and c hallenges b y

asking if he is going to cause the danger. In 9, the

captain answ ers sincerely , whic h is a mistak e on t w o

fron ts. First, he rev eals more ab out his mission than

he should to an outsider, p ossibly endangering it's

success if w ord gets out to his enemies. Second, he

sho ws ev en further div ergence from the do ctor's goals

1 C Hello Do ctor P erez.

2 D Hello.

3.1 C I ha v e orders to mo v e this clinic to another

lo cation.

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

5 C Y es

DECREASES SOLID ARITY: c aptain endorses

undesir e d act 'run-clinic-ther e'

6.1 D Lo ok at these p eople!

6.2 D w e need to help them.

7 C It is not safe here, w e can't protect y ou.

DECREASES CREDIBILITY: c aptain asserte d

unb elieve d (but p ossible) state 'p atients-unsafe-

her e'

'p atients-unsafe-her e' c ould b e establishe d by c ap-

tain 's act of 'planne d-attack'

8.1 D Protect me? Protect me from what?

8.2 D Are y ou going to attac k?

9 C Y es

DECREASES SOLID ARITY: c aptain c ommitte d

to p erform undesir e d act 'planne d-attack'

10.1 D W e need prop er supplies here

Unsuc c essful ly c onclude the ne gotiation ab out run-

clinic-ther e

10.2 D T o mo v e the clinic is not p ossible, w e ha v e

man y patien ts in critical condition.

11 C It is v ery imp ortan t to mo v e no w!

12.1 D Y ou are the threat, I need protection from

y ou!

12.2 D I w ould ha v e to refuse this decision.

12.3 D I m ust go no w.

Figure 2: Unsuccessful negotiation dialogue b et w een

C, a captain (h uman trainee) and D, a do ctor (vir-

tual Human) sho wing p ositiv e and negativ e e�ects

on trust.

| attac king rather than helping the patien ts. After

one more brief attempt to c hange the topic and get

help for his o wn goals, the do ctor giv es up on the

captain in (10.2), and tries to get out of the nego-

tiation. The captain has failed in his ob jectiv e and

prosp ects are not go o d for future relations.

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 ossi-

ble to get \inside the head" of the negotiating part-

ner, and ev en subsequen t questions can sometimes

damage the nature of the in teraction itself. In this

resp ect, virtual h umans presen t a real opp ortunit y to

impro v e on training. As sho wn in Figure 2, w e ha v e

implemen ted a trace facilit y that pro vides an anno-

tated transcript of the dialogue, sho wing not just

what the virtual h uman though t w as said, but ho w



1 C Hello Do ctor P erez.

2 D Hello.

3 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 the transp ortation and assist

y ou with the 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 the supplies y ou

need 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.

Figure 3: 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.

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. Here w e can see

the reasons for decreases in credibilit y and solidarit y

as e�ects of the commitm en ts the captain mak es in

relation to desires and b eliefs of the do ctor.

Figure 3 sho ws a more successful in teraction,

where the captain tries to build b onds as w ell as ac-

complish his task. While the captain's b eha vior in

this dialogue is not p erfect either (the captain migh t

ha v e b een b etter serv ed sp ending more time up fron t

establishing famili arit y and solidarit y and p erhaps

addressing the do ctor's concerns �rst), it is a big

impro v emen t o v er the dialogue in Figure 2. Here

the greetings in turn 3 add some famili arit y , and the

ev asion in turn 11 do es not do as m uc h damage as

the blank et statemen t of acting against the do ctor's

in terest in the previous dialogue. Things are still

not going v ery w ell, though, un til the captain es-

tablishes some common goals with turn 13. With

sligh tly higher trust, the do ctor do es not break o�

negotiation at this p oin t, but rather raises a series

of ob jections. By addressing eac h of the do ctor's

concerns: safet y of patien ts, lac k of supplies, lac k of

transp ort, and neutralit y , the captain is able to bring

him around to the p oin t where the mo v e is not an

absolute negativ e, but is w orth y of consideration, as

part of a team plan. Finally , the t w o participan ts

reac h an agreemen t including giving needed supplies

as part of the conditions of mo ving the clinic.

W e can see sev eral distinct phases of the dialogue

in Figure 3, relating to di�eren t negotiation strate-

gies. The initial segmen t (turns 1-7 ) includes initial

greetings and establishing the topic for the con v er-

sation { the captain w an ts to mo v e the clinic. In

turns 8-12, the do ctor engages in an avoidanc e strat-

egy , 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 an attack strategy , and p oin ts out problems

with the prop osed mo v e. In turns 22-25, the do c-

tor adopts a more op en negotiation 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 dia-

logue mo v e, but the whole b o dy p osture of the do ctor

and use of gestures and expressions as w ell. F or ex-

ample, when the do ctor is feeling more distan t and

less trusting, he adopts a closed p osture (Figure 1).

When he is more trusting and op en to negotiation,

the p osture b ecomes more relaxed (Figure 4).



Figure 4: More relaxed and op en do ctor

5 Curren t and F uture W ork

The virtual do ctor is able to engage in a range of

dialogue in this domain similar to those in Figures 2

and 3. Curren t w ork in v olv es extensions and ev al-

uation of the abilit y to robustly engage in this sort

of dialogue, follo wing the metho dologies in (T raum

et al., 2004). Wizard of OZ tests sho w go o d results

in terms of the abilit y to ha v e pro ductiv e con v ersa-

tions giv en the do ctor's task mo del, v o cabulary and

generation capacit y , but w e are still ev aluating p er-

formance of the automated system.

F uture w ork in v olv es extension of the mo dels to

include additional negotiation strategies, emotion-

based st yles of in teraction within the strategies, and

application to other scenarios, some in v olving cul-

tural di�erences in b eha vior and in terpretation, as

w ell as translated and m ulti-lateral dialogue.

Ac kno wledgmen ts

The w ork describ ed in this pap er w as supp orted b y

the Departmen t of the Arm y under con tract n um-

b er D AAD 19-99-D-0046. An y opinions, �ndings and

conclusions or recommendations expressed in this pa-

p er are those of the authors and do not necessarily

re
ect the views of the Departmen t of the Arm y .
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