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Abstract

We discuss a user model which can be tailored to differ-
ent types of users in order to identify and correct English
language errors. It is presented in the context of a written
English tutoring system for deaf people who use American
Sign Language.

Our approach to identifying the errorsis to augment a stan-
dard grammar of English with aset of error productions (mal-
rules) which expand the grammar accepted by the parser. We
use a scoring mechanism to activate and initialize a subset of
possible mal-rules for a given user. The scoring mechanism
is affected by two major user modeling components. The
first component is a static model of the first language which
can be used to identify places where language transfer might
take place. The second component is more dynamic and is
based on amodel of second language acquisition, zeroing in
on aspects that may be causing current difficulties.

We motivate and explain the components of our model and
then show how it can be generalized to other language assis-
tance applications.

Introduction

Inthispaper wediscussauser model which canbetailoredto
different types of usersto identify errorsin written English.
The user model (and method of identifying errors) is used
in two very different applications:

o A written Englishtutoring system for peoplewho are deaf
American Sign Language (ASL) users learning written
English as a second language.*

e A (word-based) communication device for people whose
physical disability makes it difficult to communicate in
an understandable fashion. The device alowsthe user to
“select” atelegraphic message and convertsit into afull
English sentence.

Here we concentrate on the syntactic phase of processing
and describe a user model for determining how the input
differs from standard English. Our approach to identifying
language errors which have syntactic and/or morphological
manifestations’ is to augment a standard grammar of En-
glish with a set of error productions (mal-rules) (Sleeman

LIt should be noted that ASL is a language whose structure is
very different from that of English.

2Several common errors require semantic and discourse infor-
mation for recognition. Here we concentrate on errors that can be
recognized syntactically.
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1982),(Weischedel, Voge, & James 1978) which expand the
grammar accepted by the parser toincludethe expected vari-
ations. The mal-rules are annotated to indicate the errors
that they capture.

Problemsthat must befaced include (1) what mal-rulesto
includein thegrammar, and (2) sinceit islikely that several
parses of the input will be possible (i.e., some containing
mal-rules and some not, some using different mal-rulesthan
others), how doesthe system decidewhich parseisthe*“ cor-
rect” one? We propose that a mal-rule scoring mechanism
be used to select the most reasonable parse (and to order the
aternatives). Thescoresfor theindividual mal-ruleswill be
based on several factors and somewhat dependent on the ap-
plication. The major component of the scoring mechanisms
consist of two parts. One part is rather static and captures
features of the expected language. The second part is more
dynamic and can be thought of as zeroing in on specific
aspects of the first model. For instance, in the context of a
second language learning program the two models are the
following:

1. amodel of theuser’sfirst language—thiswill helpidentify
places where language transfer might take place

2. the level of acquisition of the second language — this
parameter is dependent on the individual and should be
updated over time. It helpsidentify which aspects of the
first language might be causing current difficulties.

In the case of the communication device expecting tele-
graphic speech, the more static model captures differences
between telegraphic input and standard English. The dy-
namic model is closer to amodel of first language acquisi-
tion which captures how thislanguage might be expected to
changeasthe user becomesmore proficient. It also captures
user’spreferencesasthey becomeaccustomed to the device.

In this paper we describe our overall approach to error
identification in the context of a Computer Assisted Lan-
guage Learning (CALL) tool for learning English as a sec-
ond language. We make our analysis concrete by relying on
examples from the application of American Sign Language
(ASL) userslearning written English. Thistool iscalled I-
CICLE (Interactive Computer | dentification and Correction
of LanguageErrors). Whilewe motivateour user model and
the components of the scoring mechanism in the context of
the ICICLE project, we argue that a similar analysis could
hold for other second language | earning applicationsaswell.
In addition, we show how the user model could generalize



ERROR > RESPONSE
IDENTIFICATION GENERATOR

MAL-RULES
HISTORY
MODULE MODULE

TUTORING

LANGUAGE ACQUISITION
MODEL MODEL
USER MODEL

Figure 1: ICICLE Overall System Design

for totally different applications(such asthe communication
device mentioned earlier).

Writing Tool for Deaf Students

Theproblem of deaf literacy has been well-documented and
affects every aspect of deaf students’ education. Since data
on writing skills is not well documented, we note that the
reading comprehension level of deaf students is consider-
ably lower than that of their hearing counterparts, “... with
about half of the population of deaf 18-year-olds reading
at or below a fourth grade level and only about 10% read-
ing above the eighth grade level...” (Strong 1988). We have
undertaken a project designed to act as a “writing tutor”
for deaf students acquiring written English. We envision a
system that will analyze a text written by a deaf student, i-
dentify errorsin the text, and engagethe student in atutorial
dialogue aimed at some subset of the errorsidentified.
Figure 1 contains a block diagram of the overall system
under development. In this paper we concentrate on the
error identification phase. In the ICICLE system, the in-
put/feedback cycle begins when the user enters a portion
of text into the computer. The user'stext is first processed
by the error identification component which is responsible
for tagging al errors found in a given input (some subset
of these errors will be corrected in detail by the response
generator). At present, error identification processes one
sentence of input at atime. It first does a syntactic parse
of the sentence using the grammar of English augmented
with error production rules called mal-rules. Each mal-rule
is annotated to indicate the type of error it is intended to
recognize. This expanded grammar is used to produce a
syntactic parse of the input. If several possible parses are
found, the system must choose the onethat best accountsfor
the input. The scoring mechanism described in this paper
will be crucial for thistask. Asindicated in the figure, the
mal-rule scoring is dependent on the first language model
and a model of the acquisition of English as a second lan-
guage. These two models are motivated below. If one of
the syntactic mal-rules was used in the parse, the sentence
and the annotations from the mal-rule used will be passed
to the response generator. The identification component
must also contain semantic rules and discourse information.

These may also add annotationsfor the response generator.

After all analyses have been completed, the text, along
with the error results and annotations from error rules, will
be passed to the response generator. The generator compo-
nent processes this information, along with data from the
user model (only a portion of which is described in this
paper) and possibly the history module, in order to decide
which errors to correct in detail and how each should be
corrected (including what |anguage level 2 should be used in
any required instruction). The response generator must also
select an appropriate tutoring strategy. Finaly, the respons-
es are displayed to the user who then has an opportunity to
enter corrections to the text and have it re-checked. During
the system processing, history information about the user is
kept and updated.

While the overall system user model contains various
characteristics useful for different portions of the process-
ing, in this paper we focus on the error identification phase
of the processing and on the type of user model required in
this phase. We argue that that model must capture potential
places of language transfer and also account for the user’s
errors changing over time as they acquires written English.
It should be noted that these aspects of the user model are
alsocrucial for theresponse generator portion of the system.

Common Errorsin the Written English of
People who are Deaf

A major claim of our work is that a model of the first lan-
guage should be included as a component in a user model
responsiblefor identifying errorsin the production of a sec-
ond language. This model should indicate places where
(both positive and negative) language transfer may occur.
This claim is made on the basis of an anaysis of writing
samples* collected from a number of different schools and
organizationsfor the deaf, concentrating on proficient ASL
signers.® Table 1 contains the error taxonomy we derived
from the analysis of about 80 writing samples. Also in-
cluded in the table is the number of sentences (out of 370)
which contained at least one deviation which could be ex-
plained by each classification. These numbers are based on
a subset of the analyzed samples (21 samples, 3490 words)
which were added into a database that we developed to aid
in statistical analysis of our findings. The intention of the
numbers is to show the relative frequencies of the various
error classesto judgetheir overall significance (but notethat
if a class occurred multiple times in a sentence it was only

SWhile in theory instruction in ASL might be useful, the gen-
eration of ASL iswell beyond the scope of thiswork.

4Other researchers (e.g., (Power & Quigley 1973), (Quigley,
Wilbur, & Montanelli 1976), (Russell, Quigley, & Power 1976),
(Quigley, Power, & Steinkamp 1977), (Kretschmer J. &
Kretschmer 1978), (Quigley & Paul 1984)) studied errorsin deaf
writing. Our work differs in that we attribute many errors to
language transfer (LT) between ASL and written English as is
explained below.

SWewould liketo thank John Albertini of the National Techni-
cal Ingtitute for the Deaf (NTID), Bob McDonad of Gallaudet U-
niversity, Lore Rosenthal of the Pennsylvania School for the Deaf,
George Schellum (formerly) of the Margaret S. Sterck School, and
MJBienvenu of the Bicultural Center for helping us gather writing
samples.



counted once). See (Suri 1993) for further discussion of the
counting method and problems encountered when counting
errors.

Table 1: Error Taxonomy

o NP and VP Conjunctions: 18 e Adjective and Adverb Problems:

: njunctio 27
— Omitted conjunction: %O ) — Incorrect Adjective Choice: 3
— Inappropriate conjunction: 7

— Extraconjunction: 1 - Ilr13correct Adjective Formation:

e |nappropriate sentential — Mixing up Adjectives and
conjunction: 2 Adverbs: 2

e Prepositions: 79 — Incorrect Adjective Order: 1
— Omitted preposition: 27 — Missing Adjective: 2

— Other Adverb Problems: 6
e Incorrect Number on Noun: 36

— Inappropriate preposition: 35
— ExtraPreposition: 17

e Determiners: 92 e Problemswith Noun Formation :
— Omitted determiner: 49
— Inappropriate determiner or e Problemswith Referent
determiner formation: 17 Formation : 5

— ExtraDeterminer: 26 e Pronouns: 25

o Incorrect Subject-Verb — Incorrect pronoun choice

Agreement: 14 (including pleonastic): 12
e Tenseand Aspect: 95 — Inappropriate  pronoun  use
— Dropped Tense: 6 (wherefull definite descriptions

arerequired): 11
— Lack of pronoun use (overuse of
definite descriptions): 2

— ExtraAuxiliary: 7
— Missing Auxiliary: 2
Incorrect Modal: 3 ]
Missing Modal: 2 e Pleonastic Pronoun Problems: 20
ExtraModal: 1 — Object Deletion: 4

Other tense/aspect problems: — Subject Deletion: 8

74 — Incorrect Pleonastic Pronoun:

5

e BE, HAVE (non-Auxiliary): 28 _ Other Pleonastic Pronoun Prob-

— Omitted BE: 18 lems 3
— Lack of BE/HAVE distinction:
10 o Redundancy Problems: 7

e Other Problemsthat may bere-
lated to Focus/Discourse Struc-
turing: 76
— Noun Phrase Omission (subject:

e Other Omitted Main Verbs: 15

e Incorrect Main Verbs: 13
(Poor lexical choice)

e Relative Clauses: 26 16;
— Relative pronoun deletion: 5 object: 15): 31
— Resumptive pronoun: 1 — Problems carrying over
— Incorrect WH-relative pronoun: general/specific description s-
4 trategies: 6
— Other: 16 — Structuring Problems with “be-
cause’: 9

e Mixing up English words or _ Other (may be rdated to topic-
phraseswhich shareasingleASL comméntaéructur%, or verbz of

sign: 24 ASL): 25
— Other: 5
e Other Inappropriate Ellipses: 10
e Run-on Sentences: 8

e Idioms, word choice, hard to de-
fine
problems: 36

Characterizing and Explaining the Deviationsin
Termsof LT

While the taxonomy is useful for a writing tool specific to
this population, we would like ageneral explanation for the
errors. Not only would this allow us to both predict more
error classes and provideinformationto includein atutorial
correction®, but a general explanation might carry over to

5Recall that the mal-rules have associated annotations to be
used in response generation.

writing toolsfor different populationsaswell. Our analysis
indicates that language transfer (LT) can account for many
of the errors found (Suri 1993). This finding allows us to
view ICICLE as atool that can be used for learning English
as a second language with ASL being the first language.

Theterm Language Transfer has been used to refer to the
influence of knowledge of one language (L1) in the pro-
duction and/or comprehension of a second language (L2).
Transfer may be positive (in the sense that it may speed
the acquisition of the L2), however it may also result in
deviationsin L2 productionin placeswherethe L1 and L2
differ. Whiletheexistenceof LT hasbeen arather controver-
sia subject over the years (see (McLaughlin 1987),(Gass &
Selinker 1983),(Suri 1991)), much recent research has pro-
vided convincing evidence of LT (see (McLaughlin 1987),
(Gass 1984), (Gass & Selinker 1983)).

Given that transfer has been documented between spo-
ken languages, one might ask whether or not LT could
occur between ASL (a visual-gestura language) and writ-
ten English. At first glance, transfer may seem surprising
since the components of ASL grammar and written En-
glish grammar are very different (Stokoe, Jr. 1960), (Baker
& Padden 1978), (Padden 1982), (Hoffmeister & Shettle
1983), (Klima & Bellugi 1979), (Bellman, Poizner, & Bel-
lugi 1983). ASL grammar components include sign order,
morphological modulations of signs, and non-manual be-
havior which occurs simultaneously with the manual signs
(Baker & Cokely 1980), (Liddell 1980), (Padden 1981),
(Kegl & Gee 1983), (Ingram 1978), (Baker 1980). Written
English grammar componentsinclude word order, morpho-
logical modulations of words, and punctuation, but nothing
that clearly correspondsto the simultaneous non-manual be-
havior found in ASL. On the surface, the fact that ASL and
written English occur in different modalities seems prob-
lematic aswell. However, thereisevidencethat ASL is pro-
cessed similarly to spoken languages (e.g., (Sacks 1990)).

A Characterization of LT. Because of the differences
(in grammar and modality) between ASL and English, we
have attempted to abstractly characterize how languages
could differ in away which is independent of the grammar
components. We have identified several ways in which
languages may differ which might lead to (negative) transfer
by looking at language on a feature by feature basis.

¢ Two languages may differ in when they mark a particular
feature. Asaresult the marking of that featurein the L2
may seem redundant in the first language. For example,
in ASL it isusual to establish tense at the beginning of a
discourse segment or time frame, and then not to mark it
againuntil thetimeframe changes. Of course, in English,
tense is marked (on the verb) in every finite clause. So,
marking tense in every finite clause in English may seem
redundant to an ASL signer. Transfer of such a feature
(i.e.,, when to mark tense) might explain omission errors
(in this case, of tense markings) in the L2.

e Two languages may differ in how they mark a feature.
For example, in ASL, Yes/No questions are distinguished
from declarative statementswith non-manual markers(fa-
cial expression and body shifts). Thisis radicaly differ-
ent from the word order changes which typically mark
Yes/No questions in written English. Thus LT might



explain errors in Yes/No question formation by an ASL
user.

e Languages differ in regard to requiring morphological
changes or additional lexical items for strictly syntactic
reasons. For example, English requires a subject-verb
agreement marking (an “s’) on most verbsin the present
tensewhen the subject isthird-person-singular. Thismor-
phological marking often conveys no extra information.
The situation with regard to subject-verb agreement is
more complex in ASL; when subject-verb agreement is
marked, it involves aradically different marking than the
agreement marking of English, and the marking is (gen-
eraly) not empty of informational content. This may
explain omissions of the morphological marking (“s")
on these verbs in the written English of proficient ASL
signers.

e As with any two languages, English often has two or
more words or phraseswhich correspondto asingle ASL
sign (or sign sequence), and vice versa. For example,
ASL uses the same sign (i.e., lexical item) for “other”
and “another”. Thus, LT might explain why an ASL
learner of written English may have difficulty learning
which word (“other” or “ancther”) to use in English.

Examplesof Error ClassesAttributabletoLT. Many of
the error classes uncovered in our analysis follow from one
(or more) of the above categories of differences between
ASL and written English. We illustrate our analysis by
providing a few examples of the error classes, explaining
how each could be captured by our characterization above.
(More detail on ASL, LT, and their effects on deaf writing
can befoundin (Suri 1991),(Suri 1993).)

Conjunctions. Omitted Conjunction
e “Hetaught _ directed, for amost 30 years..."”’

While researchers have identified several kinds of con-
junctive markings in ASL ((Padden 1981), (Baker-Shenk
1988)), there are many placeswhere an explicit lexical item
marking conjunction would be required in English, but not
in ASL. For instance, conjoined verbs do not require an ex-
plicit separate lexical item (Fant 1983). Therefore, it is not
surprisingthat an ASL signer would omit ‘and’ between (the
final and next-to-final) conjoined verbs in written English.
This omission could be the result of the marking seeming
redundant or radically different to an ASL signer.

Incorrect Subject-Verb Agreement
e “My brother liketo go..”

In ASL, not al verbs mark subject agreement for person
and number. For certain verbs (some directional and clas-
sifier verbs) subject agreement is indicated by a change in
handshape, a change in movement, or (rarely) the use of an
overt NP where it would not normally be needed (Padden
1981). However, there is a large class of verbs in ASL
which do not vary in form for person and number of the
subject (see (Padden 1981)). In addition, some directional

"Note: “_" is used to mark places where we think the writer
has omitted one or more words from the corresponding correct
English sentence.

verbs vary in form according to the person and number of
the object (Baker & Cokely 1980), (Fant 1983).

That subject-verb agreement is a syntactic constraint in
English, coupled with the difference in when and how a
greement is marked in the two languages, might explain
deviations in how subject-verb agreement is marked in the
written English of ASL signers.

Tense and Aspect

e “We went to see Senator Biden's office ... Thenwegoto
see the Vietham memoria ...

¢ “Many studentsrather liveat college, thanliving at home.”
(Possible Correction: “ Many students would rather live
at college than live at home”")

In our data we found missing and incorrect tense mark-
ings, and missing and incorrect aspect markings. These
might be explained by differences between when and how
ASL and English mark tense and aspect (see (Klima & Bel-
lugi 1979), (Baker-Shenk 1988), and the text above).

BE, HAVE: Omitted or Lack of Distinction
¢ “Oncethe situation changesthey _ different people.”

“

e “... some birth controls are side-effect.” (Possible Cor-
rection: “ ... have side-effects..”)

In some situations, ASL signers might fingerspell the
word “be”; however, generally theideaof beingisconveyed
through the use of atopic-comment structure. That is, gen-
eraly, atopic is set up, and then properties are attributed
to the topic (the topic and comment are distinguished non-
manually). Becausetheideaof beingisconveyedin English
in a radically different manner than in ASL, it is not sur-
prising if it takes time for an ASL signer to learn to use a
lexical item (for “to be”) to convey theidea of being. While
ASL doesincludea“have’ sign, it is often omitted if it can
be assumed from the context.

Mixing up English wordsor phraseswhich shareasingle
ASL sign

e “Somehow, | am interesting in ASL and | want to learn
it.”

A singlesignin ASL correspondsto both “interesting” and

“interested.”

SampleAnalysisSummary. Ourworkinthisareahasin-
cluded an analysis of writing samplesfrom deaf writerswho
areproficient in ASL. The analysis supports the hypothesis
that these people are using the natural and beneficial strat-
egy of building on their ASL knowledge when acquiring
English. Our findings revealed that many of the error class-
es (perhaps as much as 76% of those found in our initial
sample analysis) could be attributed to Language Transfer
(LT) from ASL to English, if LT is defined in the way that
we suggest. However, we do not claim that every instance
of an error class could be explained by LT necessarily arises
from LT. There are other factors at work as well.

Mal-Rules and Second L anguage Acquisition

Our characterization of language transfer (and subsequent
sample analysis) greatly influences our user model for error
analysis. In particular, we proposethat themodel of thefirst



language be represented according to “ features’ such aswe
described in our analysis. At the sametime, we suggest that
aset of mal-rules be used to capture the surface realizations
of these features.

As a simple example, consider the error class “subject-
verb agreement.” In English, generally a +s marking on
a present-tense verb is required for third person singular
subjects. A mal-rule to handle errors of this feature would
fire when the +s verb marking was not present. This mal-
rule would also be annotated to indicate what the rule was
intended to capture.

The Dynamic User Model: Acquisition of a
Second L anguage

The user model that we have described so far captures (at
equal likelihood) al potential places of language transfer.
However, every student will not aways make every error
invited by language transfer. In addition, the set of errors
made by a student will most likely change over time as the
second language is acquired. Yet, the set of errors should
not change randomly. In particular, a student will probably
acquire certain features of the L2 before others. We would
therefore expect moreerrorsin constructionsthat the student
is “ready” to acquire since a student would know enough
to use the new constructions but not enough to use them
correctly and consistently.

The dynamic aspect of our user model draws on work in
language learning research dealing with order of acquisi-
tion, and on language assessment, to adjust the scores on
our mal-rules to errors expected due to the student’s cur-
rent level of L2 acquisition.2 The system should choose
those errors that are within the users range of development
given hig’her current competence (Vygotsky 1986), (Rueda
1990). A primary goal of thiswork isto devel op aconsistent
and theoretically sound model that can be used to evaluate
each user’s English language proficiency. This profile will
be used to help determine a preferred interpretation when
either the error or its underlying cause is ambiguous (e.g.,
when resultsfrom error identifi cation suggest morethan one
possible correction for asingle error).

There is considerable linguistic evidence that the acqui-
sition order of language featuresisrelatively consistent and
fixed (Ingram 1989), (Dulay & Burt 1974), (Bailey, Mad-
den, & Krashen 1974). In fact, a stronger version of this
statement is one of the central tenets of universal grammar
theory (see for example, (Hawkins 1991) and (Keenan &
Hawkins 1987)). These findings have become the founda-
tion for the development of a language assessment model
caled SLALOM (“ Stepsof Language AcquisitioninaLay-
ered Organization Model”).

The basic idea behind SLALOM isto divide the English
language (theL2in our case) into aset of feature hierarchies
(e.g., morphology, types of houn phrases, types of relative
clauses) according to their relationships and complexity.
Then features of similar complexity are grouped into lay-

8We note that this model is also of major importance in the
response generation phase of ICICLE. The response should focus
on those aspects of written English that the user is in the process
of acquiring.
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Figure 2: Language Complexity in SLALOM

ers representing stereotypical “levels’ of language ability.®
Layersallow asystem using this model to make reasonable
default inferences when little knowledge is available. For
example, if the user has not expressed a language feature
before, the system can assume its acquisition level based on
other features that are “known”. Figure 2 is a conceptual
diagram of what the assessment model will look like.

Each feature hierarchy is ordered according to complex-
ity. So, assume A represents the morphology hierarchy:
plurals are generally acquired before irregular past tense
forms, so plurals might be at some Layer X while irregular
past tense would be at Layer X+ 2. |f adjective noun clauses
appear at about the same time as irregular past tense forms
then they might be positioned at Layer X+ 2 in Feature Hi-
erarchy D. Since separate hierarchies may contain different
numbers of features, it islikely that some of the layerswill
be collapsed for certain hierarchies. Most of the evidence
for the cross-hierarchical groupings are based on statistic-
s and educational “grade’ expectations. Possibilities for
defining the default levels can be found in (Lee 1974) and
(Crystal 1982). It is expected that a combination of existing
assessment tool swill be needed to ensure adequate coverage
of all English language features.

Using SLALOM. We anticipate that SLALOM will ini-
tialy outline the typical steps of second language acqui-
sition. This model will then be tailored to the needs of
individual users via a series of filters (one for each user
characteristic that might alter the initial generic model).
For instance, it is possible that the specific features of the
user's L1 will affect the rate or order of acquisition of the
L2. In particular, one would expect features shared in the
L1 and L2 to be acquired more quickly than those which
arenot (dueto positive languagetransfer). Also, difficulties
encoded within the error taxonomy would be reflected here
aswell.

For example, the developmental model a one might order
the acquisition of construction-1 before the acquisition of
construction-2. However, an L1 filter might change this
order of acquisition because construction-2 hasan analogin

®Note the similarity to (Chin 1989) in the Unix domain. Our
grouping, however, ismotivated by language acquisition literature.



Figure 3: Scoring Mal-Rulesin Context of SLA

ASL which would alow it to be transferred. Thus, a filter
which aters the content of the model based on a model of
the user's L1 is anticipated. Another possible filter has to
do with how much and what kind of formal instruction the
user has had in written English. For example, if the formal
program stressed subject-verb agreement, thisfeature might
aready be acquired while others before it in the original
model might still remain problematic.

In devel oping the language learning model and itsfilters,
we plan to compare our initial model (to be derived from
acquisition literature) with the writing samplesthat we have
already collected.’® We also plan to seek input from English
teachers of deaf students. We would like to collect samples
of teachers' corrections, and compare these to the models
that will have been hypothesized.

We anticipate that the initial placement of the user in
SLALOM will be based on an analysis of the first input
sample. The system must take note of which constructs
seem to be used correctly in the sample, which constructs
the user is attempting to use but with some problems, and
which constructs are missing from or used incorrectly in
the sample. Oncethisinitial determination is made, further
input from the user and feedback given during the correction
and tutorial phases could cause the system to update the

user's “profile” in the model.

Summary of the two models proposed for
Second L anguage Acquisition (SLA)
While we have described our model in the context of ASL
users learning English, we view our model as being general
enough to model the errors found in any second language
acquisition task. The proposal put forth here is that the
general system will have encoded many mal-rulescapturing
differencesin several dimensions of features. The model of
the first language (and where it differs from English which
is the language being acquired) would indicate which of
these rules should be active for aparticular application. The
SLALOM model would dynamically identify where current

errors are likely to be made.

Figure 3 shows how the information from these various
sources affect the mal-rule scores (and thus the error iden-
tification). Using this model in a tutor for the acquisition

ONote that we have collected writing samples with some user
information for the authors of each sample. While our analysis
so far has been restricted to proficient ASL signers, samples from
other deaf writers might help us determine what the ASL “influ-
ence” filter (for example) might look like since it would apply to
one group of samples but not to another.

of English given adifferent first language would smply re-
quirereplacing the (first) language model and changing the
“filters” in the SLALOM model appropriately. Recall that
our language model indicates the first language properties
on afeature by feature basis. This will alow many of the
featuresused in the description of onelanguageto becarried
over to the features of another.*! For example, Chinese has
many features in common with ASL. It generally does not
have articles, subject-verb agreement, or the kind of tense
marking found in English. Thus we propose that an ap-
plication of our CALL system for native Chinese students
might include many of the same mal-rules as are included
inour ASL -based tutor because the features used in the lan-
guage model would bethe samefor the two different CALL
applications.

Often literature in second language acquisition and in ed-
ucation looks at writing samplesin a holistic fashion rather
than considering individual linguistic features of the first
and second languages. Thus these approaches may fail to
identify transfer of specific features. However, our method
alows us to take advantage of the common features and
distinctions between a pair of languages when looking for
language transfer. This allows us to consider shared mal-
rules (features) between several applications.

The General User Model Strategy

We have explained the user model scoring in terms of sec-
ond language acquisition, but it is also a useful model for a
communication tool designed for people with severe speech
and motor impairments (SSMI). Many people with SSMI
use augmentative communication devices with speech syn-
thesis or text output to help them communicate; however,
the rate of communication is typicaly very slow (on the
order of 2-10 words per minute) (Foulds 1980). Because of
this and other factors, augmentative communication users
often develop telegraphic language patterns from an early
age. Inaddition, certain cognitive or educational difficulties
can result in an incompl ete knowledge of English structure
and grammar, resulting in language variations as diverse as
inverted word ordering.

The communication tool we are working on uses a nat-
ural language processing technique termed Compansion
(compression-expansion) that expands telegraphicinput in-
to syntactically and semantically well-formed sentences
(Demasco & McCoy 1992). For example, given the in-
put John go store yesterday, our prototype augmentative
communication system using Compansion might produce
“John went to the store yesterday.” > Of course, there are
severa difficulties in successfully providing accurate and
complete interpretations (see (McCoy et al. 1994) for an
overview of the Compansion system).

One of the phases of processingin Compansionisa“word
order” parser that can be thought of as accepting a variant
of standard English which captures the telegraphic speech
(and/or word order variations) expected from the users'.

In other words, the resulting mal-rules may be shared by

several second language acquisition applications.
20uyr prototype uses aword-based communication system. The
expansion thus represents a 3 keystroke savings.



Figure 4: User Models as Viewed from Two Applications

Thus, one can think of the telegraphic speech as contain-
ing “errors’; a basic issue is the ability to detect multiple
errorsin anill-formed input. In addition, there may be po-
tentially ambiguousinterpretations of what those errorsare,
so properly identifying the errors is a major step. For ex-
ample, John gone to the st ore couldbeincorrect
because of awrong past tenseform (* Johnwent tothe store”)
or amissing auxiliary verb (“ John had gone to the store”).
Often, the combination of these factors will generate a w-
hole set of possible corrections. Deciding which correction
is the most appropriate can be very difficult. For example,
The girl |ike John appearsto have a subject-verb
agreement error and could be corrected as “The girls like
John” or “The girl likes John”. However, for certain aug-
mentative communication users, it could also beinterpreted
as“Thegirl wasliked by John” or “The girls were liked by
John.” In someinstances, the best suggestion for correction
may be partially dependent on a specific user's language
patterns.

A user model and scoring mechanism analogousto those
of ICICLE can provide a principled and efficient way of
making these decisions, especially since many of theimple-
mentational mechanisms can remain the same. Specifically,
in Figure 4 we see aparallel scheme for the organization of
the how the user models can be described for both ICICLE
and Compansion.

Instead of an error taxonomy based on language transfer,
Compansion would rely on an error taxonomy that encodes
thelanguagevariati onsattributabl e to tel egraphi c usage pat-
ternsand other errors (e.g., word order inversion) common-
ly found in the utterances of augmentative communication
users. These errors would also be expressed as an active
subset of mal-rules, even asthose for ICICLE were. Infact,
it is interesting to note that there is a significant group of
active mal-rules that both Compansion and ICICLE have
in common (e.g., “be” deletion); of course, the mal-rules
would have different annotations and weightings attached
tothem. However, this does providean elegant implementa-
tional strategy. Wearecurrently planning ondevel opingthis
approach within the framework of a probabilistic context-
free grammar mechanism (Charniak 1993), (Allen 1995).

Inasimilar manner, Compansionwould utilizeamodel of
first language acquisition (implementedin SLALOM) anal-

ogousto the second language acquisition model in ICICLE.
Thisprovidesuswith the sameinferencing strengthsaswell
asadynamic assessment model of the user’slanguage profi-
ciency. It also givesusthe ahility and knowledgeto provide
literacy instruction for augmentative communication users
through corrective feedback and the future tutoring modul e.
Finally, inboth systems, the ultimategoal isto flexibly adapt
to each individual’s unique stylistic and idiosyncratic lan-
guage patterns over time. The more accurate our profile of
the user becomes, the better we will be able to both correct
errorsefficiently and providethe most appropriate feedback
in our explanatory responses.

Conclusion

We have introduced components of a genera user model
to be used in the context of various language assistance
applications. The model consists of a static model of the
expected language (represented on a feature by feature ba-
sis) and a dynamic model that represents how a language
might be acquired over time. Together these models affect
scores on a set of grammar rules which are used to produce
a“best interpretation” of the user’sinput.
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