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Abgract

Leamingftraining is an important gpplication doman for intdligent agents technologies  supporting
bdievable didogues and redidic virtud ewironments In this pgper, we fird review, in setion 2,
some of the current gpplications and research in technology-enhanced learning. In section 3 we discuss
the impact of conversttiond agets on the desgn of more dfective individud and group/community
leaning ewironments and processes  Three  fundamentd emeging  gpproaches to  integrate
convasgiond agets in leaning  ewironmets & the individud a wdl a a the
group/community/organizetiond  levd, ae identified: (1) Convesdiond Agets as advenced hdp ad
learning process fadlitation tools (2) Convesationd Agents as persond coaches equipped  with
pedagogicd modds as wel as spedific doman knowledge and (3) Converstiond Agents as role-
playing actorsin Smulated experientid learing environments.

In the fdlowing sections of the peper we provide specific examples of such conversttiond agents,
focussng paticulaly on the two lagt, most advanced categories. Section 4 provides a brief overview of
K-InCA, a persond coach agent, supporting leaming of knowledge management concepts, practices,
and behaviours Section 5 illugrates the gpplication of Conversstiond Agents as role-playing actors in
smulated experientid leaming environments Starting with a brief desription of the EIS Simulation to
provide a concrele ocontext for experimentation with Convestiond Agets in Smulaion
environments, and then illusratles two planned extendons of the smulaion: (1) C-VIBE (role of
conversstiondl agents to enhance and extend the learning experience to the domain of virtud teams
coordinaion and dedson meking) and (2) extenson to leaning interpasond and sodd  kills in
micro-domains (Smulaing organizationd interactions/ didlogues and megtings).

In the condusons we outline a number of different research quedions to be addressed to conduct
further research on theimpact of Conversstiona Agents on learning.
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1. Introduction

Leaning and traning inditutions in the private and public sectors are growingly facing three important
chdlenges Frdly, the disdplines beng taught evolve & an increesng Speed. Secondly, ther audience
(the learners) has become wider, more heterogeneous and more geographicaly distributed. Thirdly, the
subjects being taught often present fuzzy boundaies 0 that interdisciplinary knowledge is required on
the sde of the teachers as well as the ability to teach both soft and hard skills Consequently technology
enhanced systems ae expected to (1) accderate the leaning process, (2) fadlitate access, (3)
perondise the leaming process, and (4) supply a riche/ broader leaning ervironment.  Such sysems
must have the potertid to offer the dimulus, support and environment necessary to guide the user in a
continuous and active learning process that evolves with the discipline and with the users Leaning
tools mugt dso be flexible enough to dlow the user to experiment with what is being learned in sverd
stuations and in collaboration with other users 0 that interdisciplinary agpects can be explored.

In the lagt five years computer and tdecommunication technologies have been extensvdy usad to
address some agpects of these chdlenges and in paticular the growing audience and its geographicd
digribution. Thee toodls normdly offer the posshility to ddiver multimedia content to a wide
geogrgphicaly didributed audience, typicdly through an intranet or Intenet Web ste They however,
concentrate on access to information/content and are normdly assodiated to a learning style, which we
could cdl “content transfer”, ignoring thet learning isin fact amore complex and active process

This paper proposes an dtendive gpproach, based on the integration of conversttiond agents in
educationd and leaning sysems, dlowing to address the above chdlenges and to support the whole
learning process a the gppropriate levdl of complexity. Agent based systems have the poterntid of
credting redidic and gpproprigdy  Stuated virtud learning  environments, of  establishing  bdievable
didogues with the user, of adgpting to the differet usr leaming needs and of adting as fadlitator
within a community thereby supporting organisstiond, as wel as individud, leaming and knowledge
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shaing. These systems would reflect gopropriatdy the needs formulaed above adaptiveness and
adaptability with repect to the usars, but dso with respect to the subjects being taught.

2. Smulationsand callabor ative learning: classic and enhanced tools

Two importat fidds of ressach and devdopmentt rdaed to technology-enhanced leaning are
simulations and collaborative learning. This section reviews some of the non-agent based smulaions
and collborative leaming tools', as well as certain of the more advanced, agent / Al / VR enhanced
leamning sysems.

2.1 Classic Smuldions and collabordive leaming todls
Some of the avalade products offer dmulation software in the framework of persond and dectronic

leaming tools addressing spedific leaming theories Cognitive Arts [Cognitive Artsg], for indance
offers custom huilt learning progranmes besed on the learning by doing approach induding goal based
scenarios, which are smulated work environments, where the learmner can experience the kills being
learned and receive mentoring and coaching from human subject metter experts. Other companies eg.
Learn2.com [Learn2.com], SkillSoft [SkillSoft], and Ninth House Network [Ninth House Network]
offer interactive systems for had and oft <ill  traning, sometimes  integrating  audio-visud
smulations, gory tdling, and case dudies

Many sysems focus on collaborative learning. For instance, VirtuakU [Virtud-U]? focuses on situated
learning and socid practice [Lave and Wenger 1991] providing an environmat based on the metgphor
of a universty campus (a space for communication, individud work space a pace for accessng
courses, a gradebook, ec); a smilar environment is provided by MFK-Speskeasy which however
focuses more on lay communities rather than spedific learning communities

Within the Classoom 2000 project, a Georgia Tech [Abowd e d. 1999], a sysem has been developed
cgpable of cgpturing dassoom experiences (audio, video, presanter’s dides, presenter’s whiteboard
makings and sudents notes) and connecting them to a persgent collaboration space (Imilar to
Virtud-U and SpeskEssy), 0 tha the collaboration space is immediatdy rdated (anchored) to the
dassoom expaience A dmila dtetion to the integration of the physcd and computationd
environmet can be found in the Envisonment and Discovery Collaboratory (EDC) framework [Arias
e. Al]. Howeve, the emphass of this sydem is on didting tacit communication and supporting active
informed participation through socid debate and discussion.

Whils the later two sydems drive to integrate computer-based interactions with the adtivities
paformed during physcd copresence other systems assume that physica co-presence may never
occur. In this case providing the learners with an gppropriate perception of the other members of the
community and of the evolution of the leamingwork tesk being performed becomes an essentid
component of the computationd leamning system. Community awareness mechaniams have been
devised whch range from video conferencing mechaniams (see for example [Smith, Spusc and
Pannoni 1999]) to metaphor based 3D environments[Fjuk and Krange 1999].

2.2 Enhanced todls

Whilgt the sysems described above offer rich multimedia tools, the learning process can be improved
by a more immersve and redistic us’s experience as wel as by some active guidance supplied by the
sysem.

A highly redigic environment, for example is implemented in the "Misson Reheasd Exerdse’
[EurekaAlert 2001] smulation that takes soldie-trainess on a virtud redity misson in a troubled town
in Bosia Within the framework of EC supported research the ASIMIL (Aeo user-friendy
SMulation-based distance Learning - 1ST-1999-11286) project ams a the development of intdligent
agets tha offer virtud redity dmulaed ewironments for traning in  aeronautics  Artifida
intdlligence and smulation techniques are ds0 used in the emergency management training system A-
TEAM [A-TEAM]. A gedfic focus on leamer profiling cen be found in sysems such as KOD
(Knowledge On Demand. IST-1999-12503) an agent system cgpable of providing persond  learning
pahs (knowledge routes), on the bads of users characterigtics (background, interests, skills, etc.).
Redligic vebd and nonvebad communication with the user is the heart of the agent Seve - Soar

! For agood review of early Intelligent Computer Aided Instruction tools see [Rickel 1989
2 For amore theoretical discussion of the use of Virtual-U, see also [Dirckinck-Holmfeld and Sorensen
1999
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Training Expet for Virtud Environments [Rickd and Johnson 2000]. Seve is an animated multimoda
conversationd agent that can cdllaborate with students in virtud worlds. Steve's objective is to help
students to learn to perform physicd, procedurd tasks.

3. Emerging approachesfor theintegration of conver sational agentsin lear ning environments

In mogt of the sysems curretly available, interactive fegtures are used to ddiver smulaions or to give
access to contents within a computationd  environment which is essertidly passve and whose
objective is to offer an eficiet infrestructure supporting individud and cdllective leaming. However,
sysdems offaing more then infrasructure and capable to activdy monitor and support learning, must
integrate cognitive modds of the user with daborae virtud redity, didogue and tracking in order to
opade fird a the mativationd levd, and then gradudly involve the learner in an gppropriatey
stuaed and interadtive learning process In such learning processes an individud should firg  better
undersdand and develop interes in the conoepts and practices beng taught, and then successfully
integrate and adopt them, individudly as wel as in hishe organistiond or sodd context. The idea
undelying the use of convarsationd agents in leamning contexts is to try to accderate the individud and
organisationd adoption of rdevant concepts and practices

Andysng tre current date of technologicd enhanced leamning, three emerging agpproaches can be
evisgad that integrae convearsdiond agents in leaning environments a the individud s wdl as a
the group/community/organisationd leve:

Conversationd Agents asadvanced hdp and leamning process fadilitation tools
Conversationd Agents as persond coaches eguipped with specific domain knowledge
Conversationd Agents as role-playing actorsin smulated experientid learning environments

Conversationd Agents as advanced hdp and learning process fadilitation tools are agents, assodaed to
a gedific tod or leaning environment, cgpable of supplying advanced hdp fadlities for the tod or
environment. These agents are based on a very good, sructured knowledge of the tool or environment
and they normdly can proactively propose help, which is reaed to the spedific tool’s object or action
being targeted by the user. Examples of such agents are the Microsoft hep agents assodiated to Office
products and advanced help tools associaed to leaning environment such as company databases or
Web dtes  Although, this type of advanced hdp sysems may be veay usful, they are often perceived
by the user as anoying and badcdly not very smat. Ther limitations are due to the ingbility to place
usr's attions in the wider context of the ressons undelying the use of the tod itsdf. Single us’s
actions, rather then sequences, are normdly andysed. Knowledge of the user is lacking and the agents
cannot adapt to the user's goedific and evalving nesds and moativations Although some of these
sydems embed some didogue skills because of the lack of knowledge about the user, the agent's
didogues are asptic and often not bdievable No leaning theory is embedded in these agents which
ae estidly besed on the idea of trandering some content from the tool’s user-manud to the user’s
head.

Conversationd Agents as persond coaches equipped with gpedific doman knowledge are characterised
by thar ability to represent and continuoudy update the cognitive and sodid dae of the usars and to
communicate through a redidic, interactive interface Their objective is to monitor and guide the user
through a theorny-spedific leamning process, providing suggetions, and  fadlitding  leaming  and
interaction (between the sysem and the usr and amongd individud users). In our current projects and
reearch plans we ae moddling, desgning and devdoping prototypes of Intdligent Conversationd
Agents (InCAs) operating in different gpplication domains such as meking people learn to manage and
share knowledge in orgenisttions better and fader (K- InCA), generate and extract vdue from virtud
communities (C- InCA), or become more learning-oriented (L- INCA). These systers, and the K-InCA
sysem in particular, are briefly reviewed in the next section.

Conversgtiond Agets as roeplaying actors in dmulated experientid learning  ewvironments, are
agents cgpeble of playing bdievable rdes in smulation scenarios These agents embed knowledge of
the environment/scenario where the leaning tekes place Such knowledge indudes tasks behaviours,
objects, rdationships etc. that bdong / take place in the scenario. Agents of this type can in a sense
reproduce, and integrate into, the learning environment. In order to sudan bdievable didogues these
agents embed didogue skills and adgpt these skills to the user’'s cognitive and socid date These daes
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are monitored and updated by the agent in the course of the dmulation Our ressarch in this fidd is
described in section 5.

Resource
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Figure 1— K-InCA architecture

4. K-InCA: Conversational Agentsas personal coacheswith domain knowledge

K-Incg is an atifida agent sysem designed to hep people to adopt knowledge manegement practices
[Angehrn et. d 2001; Roda, Angehrn, Nabeth 2001]. K-InCA agents continuoudy observe the adtions
of the usx in order to build and mantain a "behaviourd prfile’ reflecting the leved of adoption of the
"desred” behaviours. Using this profile and rdying on a modd borrowed from change management
theories the agent supports the user change from his dd behaviours to the new ones by providing
cutomised guidance (uch as suggesting some  resources), mentoring  (uch as  proposng  some
exercises to complete) and incative (such as questioning provocdivey the user's bdiefs [Angehm
1993)).

K-InCA agents guide the learners through a set of adoption dages (awareness, interest, trid and
adoption), and provide them with information and simuli cusomised to therr profiles and levds of
adoption choosing an interaction style adgpted to the atitude towards innovation of the user.

K-InCA agents can be thought of as customisable agents, supporting the adoption of behaviours within
a given doman. As shown in figure 1, both the doman modd and the intervention modd (the leaming
theory) ae “plugged-in” the sysem and they can be modified The doman modd describes the
behaviours that should be adopted by the user in the form of a hierarchy of more and more specific
behaviours Action descriptors are associded to the leef behaviours of the hierarchicd  dructure. K-
INCA agents use these destriptors to recognise the behaviours that can be atributed to a user who hes
pafomed a given adtion. In our fird implementation, K-InNCA agents are designed to support
knowledge management behaviours. In the future these behaviours may be replaced by other
behaviours such as best practicesin learning (L-INCA) or in interaction within a community (C-InCA).

% The project K-InCA isfunded by Xerox Corporation
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5. C-Vibe Conversational Agents as roleplaying actors in smulated experiential learning
environments

Our Conversttiond Agents as role-playing actors in smulated experientid leamning environments are
edtensons of an exiging smulaion environmet, the EIS smulaion, which offers a concrete context
for experimentation. The kend of the learning experience is the current verson of the EIS Smulation
[Angehrn, Nabeth 1997; Manzoni, Angehrn 1997] in which managers and students are dlowed, like in
a fight amulaor, to have a firsg-hand experience as a member of a change agent teem intervening in a
company and to test the effectiveness of their implementation drategies and initiatives [Angehmn, Doz,
and Atheton 1993]. The EIS dmulaion is currently used in leading schodls and universties to train
manager's in the theory and practice of managing change and orgenisttiond trandformation fadng the
naurd resgance to innovation and change laent in organisdtions In the Smulaion ervironment, users
are dble to initiate actions to achieve their god which condds in convindng, over a given time period,
the (dmulated) senior manegement team of a (dmulaed) company to adopt a mgor innovation.
Throughout this experience, the users will be ae to implemat dfferet organistiond initidives and
see dynamicdly the impact of thar actions, thus leaming (by doing) in a highly redigic way, how to
manage effectively changein an organisationd context.

In Change VIBE (C-VIBE) [Angehrn 2001], the kemnd of the EIS Smulaion will be extended with a
3D interface condgting primerily of (1) a Virtud Board Room, and (2) a Change Ageat Avaar. A user
(or team of users) will dat the smulaion (ther change management project) by connecting to the
Virtud Board Room, where they will meet a Change Agent Avatar (a bot) which will introduce them to
the misson and to the fetures of the Virtud Board Room from which they will manage the change
project, and which will be avalale to them during the whole smulaion. The digtributed, multi-user
vason of C-VIBE will dlow didributed teems of users to connect smultaneoudy to the Virtud Board
Room (insteed of being co-located). Each user will be represented by an avaar and will be adle to
‘moveé fredy in the Virtud Boad Room, accessing dl the informaion and controls provided,
induding interaction with other usars (for coordinaion, informaion shaing and decisortmaking) &s
well aswith the Change Agent Avaar.

The EIS smuldion coves wel the 'macrd dimendons of introdudng and implementting change
management projects (when to do/not to do, what, with whom, a which point of time), however there
ae important ‘micro domains which could be supported by conversstiond agents mestering socid
skills a the levd of diredt interactionslconvarsations with other sodd agents (computer-controlled or
human-contralled). These micro dimensons will be integraied in the EIS amuldion through a st of
dmulaions of orgenisiond interactions / didogues and medings For example, in the current
implementation of the EIS dmulaion users ae dlowed to gaher informaion by sdecting an
information gathering mechanism, and dlocting the time for the gaheing procedure In  future
implementations the wser may, for indance be guided through a smulaion encouraging efident
informetion gathering through didogues.  EffectivenessProductive  didogues depend from how  one
behaves during such a didogue (inquiry <kill as wdl as from the charadteridics of the informetion
source (in socid contexts different people more or less enjoy/have a naurd tendency towards sharing
what they know, people might have some ressons to omit, retanhide or even fdsfy information,
people might smply be more or less notivated, busy or have thér mind somewhere dse a that
paticuar moment, ec). Othe examples of mico levd smuldions may encourage effident
introduction of innovation through didogue or in group sdtings Thee indude dl the didogues aimed
a changing the opinions, idess, and ultimatdly the behaviour of others.

5. Condusions

Convesdiond agets for advanced learning may accderate the leaming process by taloring the
leaming experience to the individud us’s need, mativations leaning dyle persond adiliies ad
leaming gods They can eich the leamning experience by offeing more active and bdievable leaming
environments and implementing learming theories that are not limited to content trendfer but encourage
the active paticipation of the user in the learning process These charadterigics make conversation
agentsided tools to meet the chdlenges of nowadays learning needs

Severd research questions remain open, these cover issues of very different nature. They indude:
Defining the minima depth levd of cognitive and socid modds of the usr necessay to crede
bdievdble convesiond agets capable of supporting the learning experience in vaious
gpplications
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Defining and evduding inteface agents with divese characteridics eg.  anthropomorphism,
emotiond traits, etc.

Identifying the most effective agent regoresentation for the given usx in the vaious leamning
applications, these may go from fully explicit anthropomorphic models to transparent interfaces.

Entering upon the problem of the conflicting nesds of user privecy and usr moddling and how to
secure the accessto user rlated informeation.

Defining methodol ogies enabling the assessmant of the learning todls effectiveness

Whilg the above and mary other questions remain open, the work of many research labs and private
companies, spanning from virtud redity to cognitive moddling, from online community fadlitation to
agent sydems from bdievable didogues to ontology definition, etc. will cortribute to the
understanding and implementation of effective conversationd agents for advanced leaming.
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