
ABSTRACT
This paper describes progress toward a prototype imple-

mentation of a tool which aims to improve literacy in deaf

high school and college students who are native (or near

native) signers of American Sign Language (ASL). We

envision a system that will take a piece of text written by a

deaf student, analyze that text for grammatical errors, and

engage that student in a tutorial dialogue, enabling the stu-

dent to generate appropriate corrections to the text. A

strong focus of this work is to develop a system which

adapts this process to the knowledge level and learning

strengths of the user and which has the flexibility to engage

in multi-modal, multi-lingual tutorial instruction utilizing

both English and the native language of the user.
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INTRODUCTION
This project seeks to implement an innovative strategy for

supporting English literacy skills, specifically writing, for

deaf students — especially those who are more comfortable

with American Sign Language (ASL) than with English.

The problem of deaf literacy in English has been well-doc-

umented and can affect every aspect of deaf students’ edu-

cation (including the learning of Science and Math).

Although data on writing skills is difficult to obtain, we

note that the reading comprehension level of deaf students

is considerably lower than that of their hearing counter-

parts, “... with about half of the population of deaf 18-year-

olds reading at or below a fourth grade level and only about

10% reading above the eighth grade level...” [57] In our

own observations, the writing of this learner population

also exhibits marked differences from that of their hearing

peers, containing myriad errors which are different from

those committed by hearing writers. These errors include

dropped “be” (She really pretty), and missing possessives

(She age is 13), subject/verb agreement, plural markers, and

determiners (She really like go with friend to mall).1
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One explanation for this disparity is the distinction between

ASL and English. ASL is a full, natural, and independent

language distinct from English [56], [34], [39], [40], [5],

[63], [13], [12]. Although there is a common misperception

that ASL and English are identical except for the medium

through which they are delivered, the word and sentence

structures of ASL are actually so different from those of

English that Jacobs [30] has argued it should be considered

a Truly Foreign Language, as different from English as Chi-

nese or Swahili.

Because of this difference between the two languages, a

major factor in our system’s design has been the application

of second language acquisition theory to aspects of our sys-

tem concept and architecture, as well as an investigation

into how best to approach computer-generated instruction

(which in traditional systems is entirely text-based) in the

context of this learner population’s special needs. While

ASL is the first and strongest language of many deaf chil-

dren, and a strong background in any native language is

generally helpful in the acquisition of a second one, vast

differences between two languages can pose serious chal-

lenges for a learner. For this and other reasons which will

be discussed below, the deaf population of English learners

places some rather unique demands on a language-instruc-

tion system.

Signing and Education
Because they receive little if any useful auditory input, pre-

lingually deaf children are unable to acquire English in the

way that hearing children do. Speechreading, also known as

lipreading, provides highly ambiguous input; e.g., “pat”

and “man” look the same on the lips. Moreover, in casual

speech, only about 40% of English phonemes are visible

[31], [64].

Such input is insufficient for most children to learn English

naturally. Therefore, these children have to learn English in

the classroom at the same time that they learn to read. This

is far more difficult than transferring literacy from a native

language to one being acquired [38]. The results are often

less than ideal: the average deaf high school graduate has

only a fourth grade reading ability [69], [18], [11], [57].

Traditionally, there have been three primary methods of

communication in classrooms with deaf children: spoken

English, signed English systems, and, to a much lesser

1.  These examples were compiled from one of our actual writing

samples from the learner population.
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extent, ASL. The oralist philosophy, which propounds the

use of spoken English without the use of any signing, has

achieved very mixed success. It requires the students to rely

on speechreading for their main means of receiving lan-

guage communication. As mentioned earlier, this is an

exceedingly difficult task. Some individuals have a talent

for it and excel academically, but the rest are cut off from

usable linguistic input.

Manually Coded English (MCE) or signed English systems

are artificial codes developed to make the word and sen-

tence structure of English visible. Each unit of meaning

(morpheme) in English is given its own sign, and these

signs are supposed to be articulated in English morpheme

order. Many of the signs used are borrowed directly from

ASL, but some were invented specifically for the MCEs.

Although such systems might sound like an excellent peda-

gogical tool in theory, in practice they have not lived up to

their potential. It takes two to three times as long on aver-

age to articulate a sign as it does to say a word [6], [7], [26],

and yet ideas can be expressed in approximately the same

amount of time in natural spoken and signed languages.

This is because signed languages employ a simultaneous

presentation of morphemes, whereas spoken languages pri-

marily present morphemes sequentially. MCEs, however,

require the sequential presentation of morphemes in a

signed mode; therefore, people using MCEs would have to

take an uncomfortably long period of time to convey propo-

sitions if they were to sign every English morpheme [24].

Lieberman [41] states that if propositions are conveyed too

slowly, messages become hard to process. In practice, users

of simultaneous communication (the act of speaking and

signing at the same time) typically leave out many mor-

phemes in their signing, and sometimes incorporate aspects

of ASL syntax and morphology instead [14], [2], [9], [43],

[35], [44], [58]. It appears that a more “natural” communi-

cation paradigm is needed.

A relatively recent concept in deaf education is the “Bi-Bi”

philosophy; deaf children are seen as being bi-lingual and

bi-cultural. The primary mode of communication in a Bi-Bi

classroom is ASL, and English is taught as a second lan-

guage [23], [55], [4], [49], [57], [32], [64], [19], [27].

The use of both languages is motivated by the argument

that even in classrooms where hearing students are learning

a second oral language, pure immersion in the second lan-

guage might not be as effective as strategic use of each of

the students’ two languages. For example, DiPietro [17]

wrote, “The belief remains strong that the target language

should be used as much as possible right from the first day.

Such a practice supposedly forces students to ‘think’ in the

target language. However, the breakdown in communica-

tion caused by this narrow view of language use may out-

weigh any benefit.” Furthermore, children who have a

strong foundation in ASL outperform their less fluent peers

with regard to English literacy [59]. Also, studies involving

hearing children learning English as a second language

show that children in bilingual programs have better com-

prehension of spoken English than do those in immersion

ones [21], [66], [37], [15].

Preliminary reports indicate that one such English as a Sec-

ond Language (ESL) program for deaf students has shown

some success [47]. Similar programs have been established

in other parts of the world [16], [52].

The system we are developing endeavors to be consistent

with the Bi-Bi philosophy. Specifically, we are taking into

account the similarities and differences between English

and ASL and using this information throughout our intelli-

gent tutoring system. Later, we will also discuss some

future goals which include providing at least some of the

instructional feedback in the student’s native language (i.e.,

ASL) in addition to the tailored English text explanations.

SYSTEM OVERVIEW
The envisioned system is called ICICLE (Interactive Com-

puter Identification and Correction of Language Errors)

[45], [51], [46]. It can be viewed as two interacting mod-

ules: the error identification module, which is responsible

for analyzing the text and identifying errors to be corrected,

and the response generation module, which is responsible

for generating and presenting the tutorial dialogue. Both

components will make use of knowledge bases which cover

both general information about how to analyze and explain

grammatical structures and specific information about the

current system user, his level of knowledge, and how he has

reacted to system efforts in the past.

The system-user interaction in ICICLE centers around a

cycle of user input and system response. The entry into the

cycle occurs when the user inputs a piece of writing (either

directly typed into the system, or through loading a pre-

pared text file) for the system to analyze. The system identi-

fies the grammatical errors in the text and then presents

those errors which are relevant for tutoring to the user. (Rel-

evance for tutoring is defined in terms of the user’s pre-

paredness for learning a concept; this will be discussed

more in-depth later.)

Once relevant errors have been identified, they are passed to

a response generation module which brings the student

through a review of those aspects of his or her writing

which need to be improved, after which the student is free

(and encouraged) to make changes and request a new anal-

ysis.

This type of tutorial instruction, where the system reviews

the performance of a user after a task has been completed,

is motivated by the theory that the cognitive demands of

some tasks are so intense that learning is hampered during

their execution [48], [62]. It is our belief that the composi-

tion of original text in a non-native language is a task of this

level of cognitive difficulty. Sources such as [10] emphasize

the usefulness of post-performance review or reflection as

an approach to learning, and stress the suitability of com-

puter systems in this kind of task, since they can perfectly

capture the user performance and then review any aspect of

it. Our system therefore endeavors to accomplish this goal

and to optimize the knowledge derived from the composi-

tion experience by reviewing it with the user, an approach

also found in some other language tutors such as MILT

[33].



While providing this tutorial feedback, another goal of the

ICICLE system is to satisfy the deaf learner’s need for

understandable English input. Deaf learners receive nearly

all of their English input through written material, often

academic texts aimed at the comprehension level of their

hearing peers [1], and yet the consensus among most

researchers in Second Language Acquisition [36], [65],

[67], [28] holds that second language input at or near the

learner’s level of existing proficiency is most beneficial for

learning. We therefore intend for our system’s generated

text to use grammatical constructions that involve those

aspects of English the student is currently attempting to

master in his or her writing, while also using constructs

from his or her area of well-established knowledge.

Because most researchers hold that the reading proficiency

level of second language learners is in advance of their cur-

rent production proficiency, we expect the student to benefit

from this much-needed level of language exposure while

having little difficulty with reading comprehension.

Another way in which we anticipate that our system will

address the unique needs of the deaf population is by pro-

viding the user with feedback on his or her writing without

involving a human teacher. Some students might prefer this

mode of feedback since they would not risk feeling a “loss

of face” as they might with a human tutor. The hope is that

this will get the students to write more.

CURRENT IMPLEMENTATION
Our work to date has primarily focused on the error recog-

nition component. In the current implementation, the user

has the ability to load in a pretyped text or to type the sen-

tences directly into the system. When the user requests an

analysis, the system determines what grammatical errors

are in the text and highlights those sentences containing

errors. When the user clicks on a sentence that has been

highlighted, a “canned” explanation of the error or errors

involved appears. The user can then make corrections to the

sentence and resubmit it for further analysis. Thus the rudi-

ments of our “user input, system response” cycle are in

place, although the form of instruction is very crude as all

errors are explained in one-sentence statements that have

been prepared by the system designers ahead of time.

Grammar Coverage

The implemented analysis component of ICICLE uses an

English grammar augmented with error-production rules, or

mal-rules [53], [68]. These mal-rules allow sentences con-

taining errors to be parsed with the grammar, and enable the

system to flag errors when they occur. The mal-rules con-

tain annotations that indicate what error they “realize.”

They were originally derived with the assistance of an error

taxonomy which was the result of an analysis of writing

samples from our learner population. The error taxonomy

was also influenced by an analysis of how ASL knowledge

might influence written English [60], [61] and other infor-

mation about ASL.

The ICICLE grammar itself is a broad-coverage grammar

designed to parse a wide variety of both grammatical sen-

tences and sentences containing errors. The first implemen-

tation was built around the COMLEX Syntax 2.2 lexicon

[25], which contains approximately 38,000 different syn-

tactic head words. There is a simple set of rules that allows

for inflection, thereby doubling the number of noun forms,

while providing three to four times as many verb forms as

there are heads. Thus ICICLE can handle approximately

40,000 noun forms, 8,000 adjectives, and well over 15,000

verb forms. In addition, unknown words coming into the

system are assumed to be proper nouns, thus expanding the

number of words handled even further.

This grammar contains approximately 25 different adjecti-

val subcategorizations, including subcategorizations requir-

ing an extraposed structure (the “it” in “it is true that he is

here”). It also includes half a dozen noun complementation

types. It has approximately 110 different verb complemen-

tation frames. The grammar is also able to account for verb-

particle constructions. Additionally, the grammar allows for

various different types of subjects, including infinitivals

with and without subjects (“to fail a class is unfortunate”,

“for him to fail the class is irresponsible”). It handles yes/

no questions, wh-questions, and both subject and object rel-

ative clauses.

The grammar has only limited abilities concerning coordi-

nation — it only allows limited constituent coordination,

and does not allow non-constituent coordination (e.g. “I
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saw and he hit the ball”) at all. It is also fairly weak in its

handling of adjunct subordinate clauses. The population we

are concerned with has significant trouble with this; in par-

ticular there is a strong propensity towards overusing the

word “because”. Adverbs are also problematic, in that the

system is not yet able to differentiate what position a given

adverb should be able to take in a sentence, so no errors in

adverb placement can be flagged at this time. We are pres-

ently in the process of integrating a new version of the lexi-

con that includes features specifying what each adverb can

attach to. Once this is done, we expect to be able to process

adverbs quite effectively.

Another ongoing modification to the existing ICICLE

implementation is a change over to a new grammar devel-

oped by Rose [50] and specifically modified for use with

the ICICLE system. Since this grammar introduces the abil-

ity to relax certain grammar requirements rather than

explicitly modeling ungrammatical structures through mal-

rules, it may eliminate many of our mal-rules and make rep-

etition of different permutations of the same basic error

unnecessary.

User Interface
The user interface is designed with a windowing environ-

ment implemented in Tcl/Tk. Its primary window has a

space for text entry and controls for initiating analysis,

loading prepared files, and other such functions. When

parsing is complete, sentences in the main window are

highlighted with different colors corresponding to the dif-

ferent types of errors that have been found. From a list sum-

marizing the different errors that were found, the user can

select one, and the system will highlight all occurrences of

that error in the text. When the user double-clicks on a sen-

tence, a separate “fix-it” window is displayed with the sen-

tence in question, along with descriptions of the error or

errors in the text. The user can click on an error and the sys-

tem will highlight the part of the sentence where the error

occurred, focusing the user’s attention on where the correc-

tion must take place.

For example, in the sentence “The person likes me is my

teacher,” when the user selects the error describing the

missing relative pronoun, only the ungrammatical relative

clause will be highlighted. (See the figure above.) The “fix-

it” window also allows the user to change the sentence and

then re-parse it. If the changes are acceptable to the system

and desired by the user, the new sentence can be substituted

back into the main text. In the eventual system, the tutorial

interaction, which will evolve into a far more involved

explanation generated specifically for an individual learner,

will take place through a similar interface.

TOWARD MODELING THE USER
One problem that we face with the target population is that

some of the texts have many errors and there is a great deal

of difference among the texts produced by different learners

(i.e., some are quite good while others contain many funda-

mental errors). This leads to the realization that in order for

the system to make intelligent analyses of the writing of

different students and to deliver instruction to such a broad

range of students, it is going to have to model its users and

use that model at multiple levels of its interaction with that

individual.

There are several attributes of the user which ICICLE

should model in order to improve its suitability for use by a

range of students. For instance, modeling the user’s history

of system use and how different explanations have suc-

ceeded or failed to influence subsequent performance

would be greatly useful if the system wishes to concentrate

on tutorial techniques which work well with that particular

individual.

The focus of current work has been on another aspect of the

student which is very relevant to tutorial instruction,

namely the level of existing knowledge, and specifically the

level of mastery the user has achieved in the different gram-

matical structures involved in putting together English sen-

tences. Information on the user’s proficiency in English can

be used to solve two problems faced by the current imple-

mentation of the system. The first problem is how to handle

the multiple parses of a sentence often obtained by the error

analysis component; with a model of the user’s grammati-

cal proficiency, the system can select the parse that best

reflects the performance that can be expected of the user at

this stage in his or her acquisition process. The second

problem is how to narrow the tutorial feedback to the subset

of errors which are relevant to the user; “relevance” is

defined as excluding those errors which occur on well-mas-

Figure 2: User Interface Example



tered structures (and which are really just careless mistakes,

so instruction would be unnecessary as the student already

has that knowledge) and those which are far beyond the

user’s ability to grasp at this level of understanding (and

thus should not be explained, lest the user become confused

and frustrated). We are presently developing a user model

component for the ICICLE system to address those two

issues.

Three Levels of Knowledge
The user model is essentially a representation of the user’s

ability to correctly use each of the grammatical “features”

of English. These features include aspects of grammar such

as pluralizing a noun with “+S,” or making appropriate use

of the past tense. The information stored about each of

these features represents the observations made by the sys-

tem based on the performance it has observed over the sub-

mission of multiple pieces of writing by a given user. If the

user typically uses a given feature correctly, its correspond-

ing element in the model will be marked “acquired.” Con-

versely, consistent violation of a grammar rule will cause it

to be marked “unacquired.”1

We also wish to represent a third realm of proficiency,

based on Vygotsky’s observations about the acquisition of

cognitive skills. He used the term Zone of Proximal Devel-
opment (ZPD) to capture that subset of the skill which the

learner is about to master [67]. Krashen’s observation that

at each step of language learning there is some set of gram-

mar rules which the learner is “due to acquire” [36] effec-

tively applies this theory to our domain. While acquired and

unacquired constructions can be identified through consis-

tent positive or negative performance, Ellis [22] identifies

those structures on the verge of acquisition as exhibiting

free variation in use, much of which will be grammatically

inappropriate, before the user’s level of understanding

reaches the point where he can use them consistently cor-

rectly. Observation of inconsistent behavior should there-

fore clearly flag for ICICLE those features which should be

marked “ZPD” for this learner.

An established set of these tags should enable ICICLE’s

error identification process to proceed on the premise that

future user performance can be predicted based on the pat-

terns of the past. If the tags have been assigned in the model

based on the performance of the user to date, then if a fea-

ture has been marked “acquired,” the user tends to execute

it correctly, whereas a feature marked “unacquired” indi-

cates that it is usually broken; the system can therefore gen-

erally prefer parses which use rules representing well-

formed constituents associated with “acquired” features,

mal-rules from the “unacquired” area, and either correct

rules or mal-rules for those features marked “ZPD.” If the

system is then attempting to analyze the sentence, “My

brother like baseball,” and the model indicates that the

user’s mastery of subject/verb agreement is well-estab-

lished but his mastery of plural nouns is not, it may prefer a

parse containing a mal-rule which marks “brother” as a plu-

ral noun which is missing an “+S” ending over an interpre-

tation in which agreement is missing from the verb.

The SLALOM model
We capture these different levels of proficiency on gram-

matical structures in a model called SLALOM (“Steps of

Language Acquisit ion in a Layered Organization

Model”).The basic idea behind SLALOM is to divide the

English language into a set of feature hierarchies (e.g., mor-

phology, types of noun phrases, types of relative clauses).

Within each hierarchy, the specific entries are ordered

according to the order in which they are acquired. Evidence

suggests that the acquisition sequence is relatively fixed

regardless of the first language [29], [20], [3] and it may be

very similar to the order in which the language is acquired

as a first language. For example, evidence suggests that the

+ING on verbs is acquired early, following it is the +S plu-

ral ending on NPs, followed by the +ED past tense ending,

etc. This ordering will be reflected in the morphology hier-

archy. We then coordinate the acquisition progression

between the hierarchies by grouping items across multiple

hierarchies into “layers” indicating sets of features which

are generally acquired together. So, for example, if adjec-

tive noun clauses (from the NP hierarchy) are acquired at

about the same time as irregular past tense forms (in the

morphology hierarchy) then these forms would be posi-

tioned in the “same layer” across the hierarchies.

SLALOM’s tags will be initialized following the first per-

formance analysis of a new user’s writing. Those features

he or she has used consistently correctly will receive

“acquired” tags, those used incorrectly “unacquired” tags,

and those in variation “ZPD” tags. With each analysis of a

new piece of writing from the student, these observations

will be augmented with new and potentially different data,

as features originally tagged as part of the ZPD exhibit cor-

rect usage and features originally tagged “unacquired”

begin to show signs of variation and move into the ZPD.

New data will result in the SLALOM tags being revised to

reflect the user’s developing knowledge. Because SLA-

LOM represents an expected order of acquisition, the likely

path of the ZPD would be to move “up” in the stacks.

1.  Absence of a grammar feature in the writing of a user could

either mean it is unknown and is being avoided or that there has

been no opportunity yet to use it; how ICICLE decides between

these possibilities is covered in the section “Reasoning on Partial

Evidence” to follow.

Acquisition
Order of

ACQUIRED UNACQUIREDZPD

Hierarchy A Hierarchy B Hierarchy C Hierarchy D

Figure 3: SLALOM Diagram



We are aware of the difficulty of performing accurate parses

in the initial evaluation of a user without the support of

SLALOM’s tags. We intend to investigate a two-pass

approach, where a first pass through the piece evaluates

such crude measures of writing competence as mean num-

ber of words per utterance or complexity of clause struc-

ture. Such observations woud provide a general idea of a

global user competence level on which ICICLE could base

its initial decisions.

Regardless of how SLALOM receives its initial markings,

however, it is clear that its accuracy will improve greatly

over time. Because the system is intended to be used by an

individual over many pieces of writing, it will have access

to a continually growing corpus of user-produced utter-

ances.

Although it has been argued [54], [8] that creating and

maintaining a detailed user model in a system involving

natural language interaction is a very difficult task, and that

evidence for user modeling in such a system is likely to be

“poor in both quantity and quality,” [54] we feel that SLA-

LOM is not subject to the same limitations as the dialogue

systems on which these observations were based for two

reasons: first, the number of user utterances it has access to

is much larger because they are not artifacts of natural inter-

action but fed to the system in large batches; and second,

the user knowledge that is measured by SLALOM is not

that which is communicated by these utterances (semantic

content), but that which is exhibited by the utterances (syn-

tactic content). This both increases the data extracted from

each sentence and removes a lot of ambiguity, making it a

far more accessible task for a machine to judge the extent of

user knowledge.

Even under the best of circumstances, however, there will

be times when the system will be inaccurate in its interpre-

tations of the user’s errors and their corrections (even as a

human proofreader would). While we plan to provide ways

for the user to provide feedback regarding the system’s

decisions (e.g., their choice of a possible correction), it is

clear that any misinterpretation that remains would have

serious implications for the updating of the language and

user models within the overall system. Because of this con-

cern, we are beginning to look at non-Bayesian statistical

methods (e.g., Dempster-Shafer) that will allow us to incor-

porate confidence measures and partial belief into how we

change our models over time.

Reasoning on Partial Evidence
Another problem with relying on SLALOM tags in order to

make decisions based on user competency is the necessity

of making judgments on user competence from incomplete

information; ICICLE will not always have empirical data

covering all features in SLALOM. An unacquired feature

may have been absent due to avoidance, or an acquired fea-

ture absent due to lack of opportunity. We therefore must

establish a method by which the system can infer a fuller

description of user proficiency than is directly displayed in

his or her past use of language forms.

Although the SLALOM feature relationships will be based

on a general learner profile and not on the individual, they

can serve to supplement the solid data we have on a specific

learner. If an item in SLALOM has not yet received a tag,

but it is below those items marked “ZPD” in SLALOM (or

perhaps even below those that are “acquired”), it should be

considered acquired. Likewise, one above the ZPD or above

“unacquired” structures should be considered unacquired.

Those at the same layer as the ZPD should also be part of it.

Once a user has begun to attempt a given construction,

whether successfully or unsuccessfully, his or her perfor-

mance will determine the marking on that construction in

SLALOM and the model’s organization will be irrelevant.

The system therefore only has to rely on stereotypical data

in novel situations; if a learner is acquiring features out of

order due to instructional emphasis in the classroom, then

his or her markings will reflect this and the system’s deci-

sions will be based on the individual, not the population of

second language learners as a whole.

Developing the Model
We are applying both existing research on second language

acquisition and analysis of our corpus of writing samples

from our learner population toward establishing the rela-

tionships between features in the SLALOM model which

will be essential for formalizing the design and implement-

ing it within our system. Once a panel of human judges has

identified general levels of ability for each writing sample,

performance statistics from these samples will be obtained

in order to determine which structures are being executed

correctly and incorrectly at different stages of the learning

process. Preliminary work on this corpus has indicated sta-

tistically significant groupings of errors at different levels

of ability (indicating that writers of different skill levels

commit different errors). Ongoing work will further specify

these groupings in order to finalize the SLALOM design.

GENERATING A RESPONSE
The Response Generation component is another focus of

current research. After the entire text has been analyzed by

the Error Identification component, the text, along with the

error results (for errors deemed at the user’s level) and

annotations from the mal-rules, will be passed to the

Response Generator. The Response Generator is responsi-

ble for generating the tutorial feedback.

The Anatomy of a Response
We view the response itself as potentially differing along

five dimensions: content, method, form, history, and man-

ner. Content refers to the factual knowledge included in

each response. It is the information that the system wants

the student to gain from the correction. Content determina-

tion is influenced by the annotations on the errors that were

passed from the Error Identification component, the proba-

ble source of the error, information about the languages

involved, and information from the acquisition model.

Method describes the way in which the content is organized

and presented to the listener. For example, the same basic

content may be relayed to the student in various ways, such

as by including information about similarities/differences

between ASL and English, or by a discussion of a particular

feature in English. The method chosen will be dependent

on the kind of information available in the language model



(e.g., about similarities/differences between ASL and

English), the kind of information available about various

English constructs involved in the error, and by the stu-

dent’s receptivity to various kinds of information in the cor-

rection. We have done preliminary analysis of text-only

responses to actual sentences from our corpus of student

writing in order to construct models of effective human cor-

rection techniques for this component of the response gen-

erator.

Form ensures that appropriate background knowledge has

been included, and is responsible for structuring informa-

tion to ensure that appropriate rhetorical resources are used

in realizing the chosen method.

History is concerned with making the response contextually

aware by making reference to earlier tutorial information

and to knowledge known to the user.

Manner is concerned with the style of the actual language

employed in the realization of the response as actual

English text. As was the case for method, manner choices

will partly depend on information in the user model. In par-

ticular, it is here that the user’s language acquisition level

will be taken into account to ensure that the constructions

chosen are understandable to the student. Additionally, the

system will favor using constructions that the student is cur-

rently acquiring when choices exist.

A Multimodal Response
There is some question concerning whether tutoring in the

language being acquired will be effective [21], [66], [37],

[15], [17]. One of the current directions of the project is to

investigate presenting (some of the) tutorial information in

a language that is closer to the “native” language of the stu-

dents (i.e., ASL). This will hopefully make the information

delivered easier for the student to understand and integrate,

and may allow the student to feel more comfortable with

the system and thus take more initiative without the inter-

vention of human signers. As an example, in describing the

evaluation of a grammar checker for deaf students, Loritz

[42] indicates that some of the students would not correct

their writing without the aid of a human who would inter-

pret the system’s messages to the student.

To address this concern we are looking at issues surround-

ing the incorporation of an animated (or possibly video-

based) sign agent into our tutoring system. We must decide

what information to sign and how to combine (both spa-

tially and temporally) the signed and textual explanations.

At first glance it may seem that the question of what infor-

mation to sign is rather independent of the incorporation of

a sign agent — i.e., it may appear that the sign agent could

just be seen as an alternate method for displaying tutorial

information. Upon further inspection one finds that it brings

unique abilities involved in including information that may

perhaps only be able to be rendered in sign. In addition it

provides a framework for exploring appropriate media

selection for different types of information and for explor-

ing multimodal generation in visual modalities.

Acquisition of written English is a difficult task for people

who are deaf because they do not have access to the audi-

tory channel through which so much valuable language

data is acquired. Here we attempt to provide more under-

standable tutoring to compensate for the “missing channel”

of information (i.e., audio).

A series of studies investigating human-to-human tutoring

are planned to determine when an animated sign agent

should be used. The sign agent may have the advantage of

being understandable when English text explanations might

not be. In addition, some types of information may be

inherently easier to describe in sign instead of text.

However, the visual nature of the signing medium presents

some inherent challenges that must be addressed to gain the

full benefit of this additional modality. We must first inves-

tigate how/whether it is possible for a user to attend to mul-

tiple information sources (e.g., an animated sign agent and

a textual display) in the same medium and then determine

how such coordination can be done.

CONCLUSION
We have focused in this paper on an approach to the prob-

lem of English literacy among deaf students: a tutorial tool

which can supplement classroom instruction by providing a

student with feedback on grammatical errors in a text while

tracking that student’s acquisition progress and tailoring the

feedback to that individual. The eventual system will incor-

porate a unique user language model, flexible and robust

tutorial planning, and multimodal capabilities via the inclu-

sion of an animated sign agent.
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