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Advances in artificial intelligence (fd) in education applications have impmved the potential 
of developing intelligent inshlctional systems that can actually be used in the classroom. 
Progress in natural language processing (NLP) has also improved the way in which 
computers handle natural language input. It seems propitious, therefore, that we look at 
these two technological advances in the application of foreign language ) intelligent 
tutoring systems (ITS). Despite these advances, Ihe challenge of integrating ITS and NLP 
into one hybrid system is a formidable task. The papers in this book, and others presented 
at the Workshop, address that challenge and present current research in the field 
representing laboratories from 10 different counaies (Australia, Canada, England, France, 
Germany, Greece, Italy, Scotland, Turkey, U.S.A.). 

Language insnuction delivered on computers is not new, but the enhancement of such 
inshuctioll with A1 technology in computer systems is. Computer-assisted language 
learning (CALL) has been used in foreign language insmction for some time with va~ying 
degrees of success [I 11. This CALL approach to computer-delivered instruction generally 
uses predefined branching routines and static error feedback messages to guide learners. 
More adaptive, individualized instruction is feasible with AI techniaues that model learner 
pcrfonnsicz u ~ d  dcliver goal-b.tsc-d ;tr~d rewediai instruction to n ~ o w  the lenrtw ~i~roggh 
thl: n~nterial 15, IS, 81. Thia kind of compu1cr-hascd insuucuon 1s t i e  basis tor !TS. The 
domains that have been most used in recent ITS develo~ment are for rhe most oan nactable 
and formally defined (mathematics, physics, elec6onics). Of course, not all of the 
problems in ITS research have been soived in these domains. Nevertheless, some very 
promising lTS exist that are used in training settings (e. g., the Geometry ITS [ZJ). 

I11 less weli-defined domains such as language learning, many important issues are , 
emerging that were not encountered in the traditional ITS domains. Some of these issues 
involve (1) the representation of linguistic knowledge in the expert and learne? models, (2) 

I would like m cornmenton the use of both Cureign and second language learning VLL and SLL in this 
book). Both terms refer lo the acquisition of a non-native language. In some communities, the language is 
a second language (e.g., Canada will1 English and Frcnch): in large monolingual societies Ihe second 
language is often referred to as a foreign language. We dgued about appropriale lerminology at Le 
Workshoo. but no obvious resolution was found. One can zeue Illat for some learners. it is third or fo!xlh 

use. This definition is not accepted universdly in he field. The reader will therecore see both references 
(RL and SLL) used in Ihe book which rekct either the sociocu1lural definition for non-native language 
learning in a country or personal prefecence. 

reflects more activebs-ticipation and collaboration in the teaming process on Lllc part of the ieamcr. 
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implementing parsers that must prccess ungrammatical input and reason about it in view of 
learners' predictable interlingual productions during leaning, (3) representing tutoring 
knowledge that is appropriate for language Learning (teaching strategies and principles for 
language learning are different from other types of skill leanling), and very importantly, (4) 
understanding el~e foreign language acquisition process. 

Many of these issues will involve a considerable research effort before effective R. 
ITS becomes a reality in the classrcom; and we do not wish to claim that all these problems 
have to be solved before such a system is developed. Indeed, we shall no doubt be 
wrestling with some of these issues for some time. Nevertheless, we examined selected 
issues from those listed above at our Workshop and discussed their role in the development 
of an ITS architecture for foreign language learning. This book, as a compilation of some 
of the papers presented at the Workshop, presents an overview of the current state of the art 
and recent contributions made to the field. 

!,I older to ur~drrsmnd the issucs 111nt face Ti I?'S reseolrli, :tie ~e i~dcr  sl~ould bc f;iriiil~n~ 
with lhc basic :mhitecture fat. an intcllipcnr rutorine svsiew. Pan I I ' Y  is rrlsdc ~ , c  ot four 
basic modules: the g m e l ,  thele 

' 

1 ,  I, and the in&facer 
envimnment fo unicatine ivlth th%=e ceased to many exidlent 
boo~~e%%?etai~ed information about TTS in other domains and ITS aarchitecrures 
[8, 12, 14, 16, 17, 191. These modules are briefly reviewed below with a description of 
the unique requirements for developing FL ITS. 

'Flue Expert Module lor a Language ITS 

The expert module of an ITS provides the domain intelligence for the system [I], a model 
of the expert. For any given domain, not only must we decide what knowledge to include 
in the expert model, but also, how we should represent or encode it. Anderson [I] provides 
an ovemiew of the three primary approaches to codifying expert knowledge: black box 
models, expert svstems, and cqgnlt~vemodels; and discusses the trade o f f s ~ Z 3  
approach in telms of implementation effort and pedagogical effectiveness. In language 
domains, we will find that certain approaches are more appropriate than others, given the 
nature of linguistic knowledge, even though the implementation costs are high. 

This R S  module represents the domain-specific expert knowledge and the inferencing 
or reasoning processes involved in so lv in~  ~roblems in the instructional domein In . . . - . . . . . 
I u ~ g u q e  dohiins, th~s  menns H.C I I C C ~  soin<t\.pc oCg~i~miunr aid n I e x b u  for thc target 

b Ia~~g~rilgc (the expc.1 Imowli.dgr). ?~g.a~,>~:s~fihe a l ;cZ7; l tc l r~Gc~$i i~ j io  p~.occs~ 
I >. lanausxe in~urs. 

-TG~ is used to define the legal rules for that portion of the language to be q3 taught. This component of the expert knowledge base usually follows some syntactic 
theory (e. g., Definite Clause Grammar, Functional Unification Grammar, Lexical 
Functional Grammar, General Phrase Structure Grammar, and Tree Adjoining Grammar 
(TAG) ) used to formally represent a panicular gamma.  However, a linguist's formal 
grammar is not the intention in the construction of this portion of the expert knowledge. 
Foreign language teachers don't teach formal grammars, but rather some subset of the 
grammatical system for a language that is to be acquired by the leaner for productive, 
communicative purposes. Similarly, the coverage in the language ITS must be mindful of 
this requirement. The expert model's grammar knowledge need not be exhaustive 

e- -._---- .-..---- 
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Howevcr, the readcr will find both 'studenl and 'learner' used in the papen presenled herein. Thcse terms 
can be rhought of as synonyms (Ask Ciwrge what relations WardNet would lhave for tl~csc nouas.) 

Readers a.e referred fo I91 more more information on Lese formalisms. Tag is described in Chapter 5 in 
his book. 

in u a t b l  settings. 
The parser provides the means for the computer system to reason about and process 

the language, and it is the last major component in the expert module. In FL ITS, the 
challenge is not only to provide natural language understanding capabilities, but to allow 
for processing imperfect input since learners never have complete control of the L2 used. 
Parsing natural language in a FL ITS involves not only a means of interaction for the 
Learner with the system, but also understanding the domain skill itself that is being taught. 
This is a unique characteristic for NLP in language V S  implementations. The parser must 
be capable of accepting divergent input shings frgm learners and be able to identify a 
plausible divergence from nonsensical language so as to be capable of reasoning properly 
about learners' attempts to use the L2. 

The Learwer Module for a Language ITS 

The learner module in an F S  includes Uie information that describes a learner: 1 e 
about what is being leamed and allows the tutor module to adapt iKsZ&k%$%d 
provide appropriate feedbackrSelf [I 1] refers to this model as a set of programs designed 
torepresent a learner's knowledge state. VanLehn [I81 specifies two components that make 
up the learner nwdel: the structure or re r ntation of the knowledge in Uie model and the 

- p l o ~ p u l a t e s  t x h  o w l e d ~ % % & i f h i s  process is termed i i ~ n o s i s '  and 
the 1 rime IS termed 'knowledae state assessment'. 

- 
. - 
In order to properly>de~~heTearne7e7~d perform d~agnous, the system must have 

tnowl~dee about learner errors In madItlonal ITS, these errors me stored ln bug catalogs .-. -.- 
or lists Z k l - r u l e s  that get accessed when the system is engaging in learner diagnosis. 
While similar methods can be employed in FLITS, the nature of the error and the way the 
system should understand it are different for foreign language learning (See Chapter 8). 

In a foreign language domain, the representation of the knowledge in the learner model _ 
must use ~e.s~.~~~tad_o_nal&~_al4ms as igptheexpen.ma&l. This is so +t duri~lg 2 
t-is of diagnosis, the system can<6ii>are the two lcnowledge states using some < 
accentable modeline techniaue. Thus we can expect some type of fo~mai grammar and / 
lexicbn in rhe leam&model hmilar in fonn to tho& used in Ihi  &pert module. The process 
of diamosis has traditionallv used techniques duch as overlay or differential models [I41 Of 
modernacing [I ,  181. In language learning where communicative skills are sh-essed and 
situation deuendent. other modeling techniques may be needed. Several papers in this book 
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the actual grammatical co~~sPuctiotl used), but in other cimurnstances. a deeoer learner 

This module represents the mtoring strategies and irlsbuctional foals used to deliver 
insbuction in the system. Tile tutor module in an ITS is responsible f& enabling the student 
to solve problems in the domain. Teaching students how to acquire a skill is difficult 
because the computer tutor must be able to ,adapt the inshrction to individual needs. This 
weans dia. t l s  Iiltcii~~g s) slcm IlciLlS lo 111101, al:011t !he Ic:wm\' ~ ~ : O I ~ , I ~ I I I C C ,  1.- ~ I ~ I S  11, 

;idvise ,lieui during a Icnrnhg S C ~ I I I C ~ I ~ ,  stigfieht 11. peseut IICSV : I C I ~ \ , ~ I ; ~ Z  II:~s,:(: 00 

i~dcrcwrs ~ n x k  :lboul C U ~ L ~ I I  p~~for~ncnl:e. a:]!! be ;~ble: L C  ~~iovi!Je nh;;111i~tci111 l'erJl>~ri< 
' when elrors are made. Thesecqxbilities indicate how irbportant the cohmtmi&ti& 

between the mtor and learner modules is. -w:oacl~es in ITS can vary deepding 
nde&dl~o bdearned and the immictional p u p o ~ o f ~ ~ ( @ ~ d i s F o ~ ; l e a r ~ Z g ,  
grammar d r i l l s , ~ ~ ~ i ~ ~ t t i ~ c ~ ~ ~ ~ ~ ~ ~ ~ d i t i o n a l l y ,  I ~ c h a s  used total-ial d~alogues, 
simulations, and plan-based instruction to represent tutoring knowledge in the tutor 
module. Learning environments are another alternative. 

Tutorial dialogues as a means to convey instruction arose from the Socratii: method of 
tutoring [I41 and can be used to guide performance and provide hints or coaching to help 
the learner solve problems. Simulations in ITS u e  another tutorial technique. They are 
more easily implemented when the domain knowledge can be represented by formal rules 
such as electronic ~xoubleshooting or steam plant mechanics 1141. In these domains, the 
insfn~ction cart be presented by having the computer simulate state changes in the device 
that learners must interact with as they solve pmblems. Plan-based instruction is anoher 
method that uses a set of instructional goals and curaicular activities as part of the 
knowledge base in the tutor module. Plan rules embody pedagogical principles for a 
domain and axe attached to the insuuctional goals for a patricular lesson. Therefore, actual 
teaching strategies mwt be codified in the system. This is a particularly difficult approach 
since we understid so little about good lmrna~~ teaching smtegies. 

Learning environments, as an altcrnalive to a formal tutor module, present instructiorr in 
a1 open, discovery-based system that students explore. No fonrnal tutoring 171les are used 
to move students from one kuowledge state to another. Students are left to their ow11 
intellectual devices to experier~ce and lean1 about what is made available to them. Good 
tutoring in these euvimtnnents depends on the organization and presentation of the do+n 
knowledge (See Section Pour for some exan~ples). If the smdent is lo discover appropriate 
Itnowledge structures in the domain, then the representation of t l~e  knowledge must follow 
organizational principles that support the cognitive processes of the leaincr as s/he moves 
through the environrront. 

In a foreign language ITS, the type of approach selected for representing the tuto~ing 
knowledge should be based on an understanding of the unique nature of foreign language 
acquisition. Current theories of foreign language learning and teaching support the 
communicative approach [7,91. This means that the tutoring should use authentic, realistic 
language contexts for presenting new materid to the learner. The papers we present in this 
book illustrate some promising methods, as well as challenges, for rcpresenting tutoring 
knowledge ina foreign language ITS. 

The Graphical Haaterfaee Ensviroesmesak for a Lawgosage ITS i 
The lewling environment is characterized by the graphical intetface of the tutoring system. 
The features for this environment include the tools and noninsbuctional help that will guide 
the learner as problems get solved 131. It is Lhrough the g~aphical interface in an ITS that all 
the insb.uction is communicated [191; Lhq,&s-d_e~@-&~qsx~%~' 'mportant for a lan&ddgs 
t ~ a s ~ s g x  Burton j3) discusses;kal imponant lssucs f o h I g n i ~ ~ c t ~ o t ~ % l  .-. 
interfaces, for example, the level of abstraction required by different domains, and the 
fidelity of graphical simulations for tutoring aspects of physical systems (steam plant fault 
diagnosis). In a foreign language ITS, the interface or learning environment should provide 
a means for entering language input to be parsed by the system 8s well as the use of 
different media (graphics, animation, text, sound, video) to present language in 
mear~ingful, communicative situations. This suggests the use of some type of 
mutiwindowing, multimedia design. Different media we especially important For language 
learning so that acoustic, semantic, and orthogCldphic mappings to the L2 can be made. 
Current advances in graphical interface and multimedia technology provide us with new, 
exciting tools for creating the graphical interface. Many of the papers in this book illussate 
the different multimedia approaches available for foreign language ITS interface 
implementations. 

The papers in the book represent a selection of those presented at the Workshop, and 
u e  organized into five different sections to reflect a conceptual focus for each group of 
papers. We used the Worlishop topics to organize our presentations and focus our 
discwsions (computational and theol-etical foundations, lcarner modeling and error 
diagnosis, and tutoring strategies and learner control). We found that some OF the papers 
addressed other areas not explicitly covered by these topics. The foreign larlguage expefis 
we invited to the Workshop were most concerned about identifying language leaner 
charactesistics and discussing practical issues related lo using computers in the classroom. 
Since understanding these issues is a fundamental pnarequisite to foreign language ITS 
research, we grouped time papers in Section One. The next three sections of the book 
present papers that explore some of the research problems we face in the development of 
the three principal ITS modules. Thesc sections propose methods for solving some of the 
linowledge representation, computational, theoretical, and modeling problems we facc. The 
papers presented in Section Two deal with the first topic. Here we grouped those papers 
that described theories of foreign language acquisition and processing, and computational 
formalisms for representing linguistic knowledge, as a theoretical basis for understandirlg 
foreign language ITS requirements. Sectio~l Three includes papers that describe modeling 
techniques for understanding what the learner knows about the L2 and methods for 
consuucting lcarner models. These papers deal with the computational aspecu of the 
second topic, but also depend on an understanding of learner characteristics and errors 
presented in Section One. Section Four presents papers that describe approaches to tutoring 
language in an ITS. These papers focus on usidg pr-incipled techniques and environments 
for presenting communicative foreign language tutoring with innovative use of multimedia. 
Section Five presents descriptions of working Intelligent CALL prototypes. These papers 
present current accomplishments turd the technology pmmise in FI, ITS research. 

All of the Workshop participants a e  gratefully acknowledged for the lively discussion 
and critiques of the work presented during the Workshop, and their consideratio~l of the 
research problems that remain to be solved. Their nmny Eruirful ideas and conu-ibudons that 
arose in the working group sessions are reflected in the irttroductory comments for each 
section of the book. 



The papers cover many different technical domains and therefore can be read in a 
modular fashion. We assume that our readers will come from foreign language teaching, 
computational linguistics, psychology and psycholinguistics, and computer science. You 
may may We1 more familiar with certaill secti01ls or papers in the book depending on your 
background n d  interest. But we hope that you will read those other secrionq whore wnrk 

~ . . . . . . . . . . . . - . . . . . . . 
i s  less fantiliw to yok in order to undclstad tile liltcnrtioil bc:t!\,cct~ difie~eni ticlds in ;I 
mul~idiscipl~nary effort sucll :IS f!. U S  dcvel~qmcr~t. \Vc dlso I I U D ~  tl~at tllc ~ e l d c ~  \vill .I.: - - 
able to gain from tlle work presented ill t h s  book and use ~t as a &de for conan& 
research in h e  field. 
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These references are also rcfcrrcd to in Ute livc innoduclory section comments in this book 

One of the f r s t  steps in the development of a foreign language ITS i s  to understmd the 
chmctetistics of Ianguagc learners and language teaching practice. In this section we 
present a group of papers that were prepared by foreign language teaching experts invited 
to our Workshop. In this introduction, we bo~row from an essay presented at the 
Worlcshop by Aiec Gogos, English professor, Aristotle University, on the practical 
perspective of cotnpuler-assisted lauguage leaining (CALL) in the cldssroon~. 

As a fol-eigrr language teaching experl, Dr. Gogos elabornted on two interesting views 
for CALL. One view embraces all the positive aspects of CALL., new technology, 
automated instruction, and inst~uctional support jfor the teacher. Where previously the 
language teacher ltas relied on record and audiotape players, videos and filmstrips, and the 

by mere technology; high tech toys will not in and of themselves perform miracles in the 
classroom. 

The other view for CALL begins with an admission that foreign language leanling is 
very different from learni~ig other subjects. Everyone agrees that to become a graduate in 
nearly any subject (math, economics, or coinputer programming), one follows a four y e a  
program of study and then gets a diploma. 'rhis degree assures us that the graduare is 
knowledgeable in the subject, indeed a specialist or expen in the field. However, with 
language learning, the situation is somewhat different. After four years of study, the 
gaduate may be considered a specialist in the field, but there i s  no guarantee that this 
individual will be comparable with a native speaker (an 'expert' in the field). This is 
especially true if the individual started the program with no prior knowledge in the language 
or if h e  program of study is in their native language environment. 

Nevertheless, CALL has entered the classroom and there it shall stay. To use it 
effectively in the classroom, and to develop it iuto a more sophisticated intelligent tutoring 

used to promo(?: commbnicative interactions between l e m e r  and system. 'The authors also 
present a good description of learner characteristics from a psycholinguistic view of 
language acquisition. Their view of the learner as an 'experimenter' provides a good 
introduction to more detailed theoretical frameworks on toreign language acquisition 
presented in Section two of the hook. 

Chapter 2 in this section discusses language lealllers' errors and misconceptions that 
arise during learning. The authors have developed an analytic approach to extfact diagnostic 
information about an individual's errors during a lesson. 'This approach uses an interactive 
dialogue where questions are used to probe learners' 'intuitions' regarding novel linguistic 
phenomena. Such empirical data plays an important role in error diagnosis in ITS research. 
We will revisit similar issucs in error knowledge acquisition and the computational 
formalisms derived from this analysis in the section on Modeling tlle Language Lealner 
presented later. 


