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1 Introduction

Correcting text which is ill-formed with respect to grammar and/or discourse strategies is a chal-
lenging problem. We are working on this problem from the perspective of helping deaf writers
produce text which conforms to the standard rules of English.2 This perspective may prove to be
particularly interesting since the native language of some deaf writers is American Sign Language
(ASL), which di�ers from English in both its syntax and its discourse strategies and thus may have
an interesting in
uence on written English.

ASL is a visual-gestural language whose grammar is distinct and independent of the grammar
of English or any other spoken language [Sto60], [Lid80], [Ing78], [BP78], [BC80], [Bak80], [Pad81],
[Pad82], [HS83], [KB79], [BPB83]. In addition to sign order rules, ASL syntax includes systematic
modulations to signs as well as non-manual behavior for morphological and grammatical purposes
[BC80], [Lid80], [Pad81], [KB79], [KG83], [Ing78], [Bak80]. The modality of ASL encourages simul-
taneous communication of information which is not possible with the completely sequential nature
of written English.

The work described in this proposal is part of a much larger project. The long term goal of
the overall project is to develop an instructional writing tool which will take a writing sample
from a deaf person, analyze it to identify deviations from standard English, engage the user in a
corrective tutorial dialogue, and generate text which is correct with respect to the context. The
overall system can be seen as having two phases. The identi�cation phase will rely on a grammar of
English which has been augmented with a set of syntactic and semantic error productions ([Sle82],
[WS83], [WVJ78]) which extend the language accepted by the parser and semantic interpreter
to include the types of deviations we expect. The interactive tutorial and correction phase will
be driven by annotations on the error productions as well as discourse information which will be
tracked through the dialogue.

The work being proposed in this document is part of the correction and tutorial phase. In
particular, it focuses on discourse information which must be tracked in order to generate a cor-
rection to a particular class of errors. The particular solution that we are proposing is motivated
by the hypothesis that the underlying source of these errors is the transfer of a discourse strategy
from ASL to English. This hypothesis is substantiated by an analysis of writing samples and a
comparison of ASL and English which has led us to conclude that language transfer, if de�ned
broadly enough, can explain many of the errors we have uncovered3. This explanation has led us
to an algorithm for correcting the particular class of errors we are concentrating on in this thesis.
The algorithm works for every instance we have so far uncovered in our samples.

The proposed thesis work focuses on one error class which we have found to be particularly
prevalent and interesting: the illegal omission of (both pleonastic4 and contentful) NP's . The
question under investigation for the proposed thesis is how these omissions can be corrected. In
this proposal, we �rst substantiate the claim of language transfer by brie
y describing the sample
analysis which motivated our current beliefs. This includes a brief exploration of LT (see [Sur91]
for a much more thorough background on LT), a characterization of how LT might manifest itself,
and a description of the results of the analysis.

2This tool would be very useful to the deaf population. Since data on writing skills is not well-documented, we note
that the reading comprehension level of deaf students is considerably 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% reading above the eighth grade level..."[Str88]

3It should be noted that we have not attempted to prove that language transfer is behind the errors we have
found. Rather, we will show that language transfer is a reasonable explanation.

4A pleonastic NP is one which does not play a thematic role. For example, it in \It is raining" or \I like it when
Mary sings", and there in \There is a book on the chair".
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While previous work on LT has mostly concentrated on the sentence level, we hypothesize that
LT may also occur at the discourse level. That is, not only may a writer transfer syntactic structures
and lexical items from a native to a second language, but discourse and cohesion strategies may be
transferred as well (and we believe our analysis substantiates this claim).

We describe classes of ASL verbs and a discourse strategy of ASL. The rich verb agreement
of one class of verbs explains some empty categories (EC's) in ASL, and the discourse strategy
(Topic-NP Deletion) explains EC's occurring with ASL verbs with no agreement morphology. We
use these facts about ASL (and the existence of other instances of LT between ASL and English)
to explain illegal NP omissions in deaf writing samples.

Next, we explain how we can use this information about ASL to correct illegal NP omissions in
deaf written English. Basically, the analysis of ASL verbs and EC's indicates that the topic is most
likely to be the referent of the omitted NP. Thus an algorithm that tracks topic might successfully
�ll in the missing NP's. We provide examples of illegal NP omissions in deaf writing samples which
we think can be explained by this analysis. Having chosen this approach to illegal NP correction,
we discuss focus (topic) tracking research which has been done in NLP. We explain why we chose
one of these (Sidner's focus tracking algorithm ([Sid79], [Sid83]) ) as the basis for the algorithm we
will use.

Next, we describe the proposed focusing algorithm, and show how the algorithm predicts the
correct missing referent for three deaf writing samples with illegal NP omissions. Each of the
examples motivates extensions that were needed by Sidner's algorithm. We discuss these along
with some open questions about how to further extend the algorithm.

The major contribution of this thesis will be the development of the focusing algorithm. The
tracking of focus is important to Natural Language Processing since the recognition of focus is
important for understanding discourse, and it is particularly important for anaphora (including
ellipsis) resolution. Thus, this focusing algorithm should be useful not only for the larger project
of correcting the written English of ASL natives, but for other NLP tasks as well.

2 Writing Sample Analysis

The purpose of this section is to describe the writing sample analysis which has motivated our
conjecture that many errors in the writing of ASL natives can be explained as LT. We �rst describe
some background on LT and then explain our analysis.

2.1 LT

The term Language Transfer is commonly used to refer to the use of knowledge of one's native
language (L1) in the production 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
deviations in L2 production in places where the L1 and L2 di�er. While the existence of LT has been
a rather controversial subject over the years (see [McL87],[GS83a],[Sur91]), much recent research
has provided convincing evidence of LT resulting in the transfer of L1 lexical items, syntax rules
and pragmatic production rules to L2 (e.g., [Sch82] and [SR79] as described in [McL87]; [Kle77],
[Hak76], and [Gas79] as described in [Gas84]; [GS83a]; and [McL87]).

Given that transfer has been documented between spoken languages, one might ask whether or
not LT could occur between ASL (a visual-gestural language) and written English.5 At �rst glance,
transfer may seem surprising since the components of ASL grammar and written English grammar

5Other researchers (e.g., [PQ73], [QSW74], [QWM76], [RQP76], [QPS77], [KK78] [QP84]) studied errors in deaf
writing but did not attribute errors to LT.
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are di�erent [Sto60], [BP78], [Pad82], [HS83], [KB79], [BPB83]. ASL grammar components include
sign order, morphological modulations of signs, and non-manual behavior which occurs simultane-
ously with the manual signs [BC80], [Lid80], [Pad81], [KG83], [Ing78], [Bak80]. Written English
grammar components include word order, morphological modulations of words, and punctuation,
but nothing that clearly corresponds to the simultaneous non-manual behavior found in ASL. On
the surface, the fact that ASL and written English occur in di�erent modalities seems problematic
as well. However, research shows that much of ASL processing occurs on the side of the brain
primarily used for processing spoken and written languages (the left-side of the brain), as opposed
to the (right) side of the brain primarily used for visual and spatial functions [Sac90]. Thus, we
expect transfer is likely to occur between ASL and written English, but it is not immediately clear
how the transfer will manifest itself (particularly with respect to the non-manual component of
ASL grammar).

2.1.1 A Characterization of LT

Because of the di�erences (in grammar and modality) between ASL and English, we have attempted
to abstractly characterize how languages could di�er in a way which is independent of the grammar
components. We have identi�ed several ways in which languages may di�er which might lead to
(negative) transfer.

� Two languages may di�er in when they mark a particular feature. As a result the marking of
that feature in the L2 may seem either redundant or overly concise/imprecise in the native
language. For example, in ASL it is usual to establish tense at the beginning of a discourse,
and then not to mark it again until the time frame changes. Of course, in English tense is
marked (on the verb) in every �nite clause. So, marking tense in every �nite clause in English
may seem redundant to the ASL native. Transfer of such a feature (i.e., when to mark tense)
might explain omission errors (in this case, of tense markings) in the written English of ASL
natives.

� Two languages may di�er in how they mark a feature. For example, in ASL, Yes/No questions
are distinguished from declarative statements with non-manual markers (facial expression and
body shifts). This is radically di�erent 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 the ASL user.

� Languages di�er in regard to requiring morphological changes or additional lexical items for
strictly syntactic reasons. For example, adding an \s" to a present tense verb for a third
person singular subject in English (typically) conveys no extra information, but is a syntactic
requirement. There is not a close counterpart to this in ASL, which may explain omissions
of this morphological item in the written English of ASL natives.

� As with any two languages, English often has two or more words or phrases which correspond
to a single 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 ASL learners of
written English might take some time to learn which word (\other" or \another") to use in
English.

2.1.2 Examples of Error Classes Attributable to LT

We collected writing samples from a number of di�erent schools and organizations for the deaf. We
concentrated on eliciting samples from Deaf people who are (native) ASL signers. This was done

4



in order to increase the probability of �nding errors speci�c to the deaf population and to allow us
to target a more homogeneous population.

Thus far, we have analyzed forty-eight Freshman and Sophomore writing evaluation samples
from Gallaudet University, a liberal arts university for the deaf, seventeen writing evaluation sam-
ples from the National Technical Institute for the Deaf (NTID), twelve �rst draft papers from
students in the high school program at the Margaret S. Sterck School, a deaf school in Delaware,
and �ve letters and essays written by ASL natives contacted through the Bicultural Center in
Washington, DC. The total sample size is approximately 25,000 words.

� Conjunctions: 4
{ Omitted conjunction: 1

{ Inappropriate conjunction: 3

� Prepositions: 66
{ Omitted preposition: 26

{ Inappropriate preposition: 27

{ Extra Preposition: 13

� Determiners: 63
{ Omitted determiner: 35

{ Inappropriate determiner: 9

{ Extra Determiner: 19

� Incorrect Number on Noun: 23

� Incorrect Subject-Verb Agreement: 11

� Tense and Aspect: 70
{ Dropped tense: 5

{ Other tense/aspect problems: 65

� Mixing up English words or phrases which
share a single ASL sign: 12

� BE, HAVE (non-Auxiliary): 16
{ Omitted BE: 9

{ Lack of BE/HAVE distinction: 7

� Other Omitted Main Verbs: 7

� Incorrect WH-phrase: 4

� Adjective Problems: 13
{ Incorrect Adjective Choice: 3

{ Incorrect Adjective Formation: 10

� Incorrect Nominalization: 5

� Relative Clauses: 14
{ Relative pronoun deletion: 4

{ Resumptive pronoun: 1

{ Other: 9

� Pronouns: 12
{ Incorrect pronoun choice (including pleonas-

tic): 7

{ Inappropriate pronoun use (where full de�-
nite descriptions are required): 4

{ Lack of pronoun use (overuse of de�nite de-
scriptions): 1

� Pleonastic Pronoun Deletion: 10
{ Object: 5

{ Subject: 5

� Focus/Discourse Structuring
Problems: 49
{ Omission of focused element (subject: 4; ob-

ject: 4): 8

{ Problems carrying over general/speci�c de-
scription strategies: 5

{ Structuring problems with \because": 8

{ Ambiguous modi�er attachment: 1

{ Other (possibly related to carry-over of topic-
comment strategies): 27

� Redundancy Problems: 2

� Not Enough Sentence Breaks: 6

� Other:104 (23% of errors in database)

Table 1: Error Taxonomy

Table 1 contains the error taxonomy6 we have derived from the analysis of 79 writing samples.
Also included in the table is the number of sentences (out of 214 sentences) which contained a
deviation which could be explained by each classi�cation. These numbers are based on only the
17 samples (3313 words) which have already been added into our database.7 The intent of the

6Error classes which occur less frequently have been classi�ed under \Other".
7We have recently created a database to store analyzed writing samples. A database user can retrieve all sentences
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numbers is to give the reader an idea of how often the various classes occur in relation to each
other. In Appendix B, we give an example for each error class listed in Table 1.

We will show how many of the error classes uncovered in our analysis can be explained as
following from one (or more) of the 4 above categories of di�erences between ASL and written
English, and thus may be explained by LT. For each illustrated error class, we provide examples
of the error class and then explain how it could be captured by our characterization above. (More
detail can be found in [Sur91].)

Conjunctions

� Conjunction Deletion:

{ \He taught directed, for almost 30 years : : :"8

While researchers have identi�ed several kinds of conjunctive markings in ASL from body shifts
to particular lexical items ([Pad81], [BS88]), there are many places where an explicit conjunction
would be required in written English, but not in ASL. For instance, conjoined verbs do not require an
explicit separate lexical item; instead the verbs are signed one after the other [Fan83]. Therefore, it
is not surprising that an ASL signer would omit `and' between (the �nal and next-to-�nal) conjoined
verbs in written English. This omission could be the result of the marking seeming redundant or
radically di�erent to the ASL native.

Subject-Verb Agreement

� Incorrect Subject-Verb Agreement:

{ \My brother like to go..."

In ASL, not all verbs mark subject agreement for person and number. For certain verbs (some
directional and classi�er 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 [Pad81].
There is a large class of verbs in ASL which do not vary in form for person and number of the
subject (see [Pad81]). In addition, some directional verbs vary in form according to the person and
number of the object [BC80], [Fan83].

That subject-verb agreement is a syntactic constraint in English, coupled with the di�erence
in when and how agreement is marked in the two languages, might explain deviations in marking
subject-verb agreement in the written English of ASL natives.

Tense and Aspect

� Dropping tense on verbs (within or across sentences):

{ \We went to see Senator Biden's o�ce ... Then we go to see the Vietnam memorial ...."

� General tense/aspect problems:

(with their corresponding corrected sentences) containing a particular error. Entering the data into the database is
very time-consuming, which is why only 17 samples have been entered thus far.

8
Note: \ " is used to mark places where we think the writer has omitted one or more words from the corresponding

correct English sentence.
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{ \Many students rather live at college, than living at home." (Correction: \Many students
would rather live at college than live at home.")

In our data we found missing and incorrect tense markings, and missing and incorrect aspect
markings. These deviations might be explained by the di�erences between when and how ASL and
English mark tense and aspect.

Some ways that English marks tense and aspect are through the use of modals and auxiliary
verbs, and through morphological changes to the verbal elements. ASL does not use auxiliaries
and it does not modulate verb signs for tense.9 In ASL, tense is generally established once at the
beginning of a discourse (e.g., by using a time sign), and that time frame is understood to persist
until the next time frame is established.

The dropping of verb tenses in the written English of the deaf might be explained by this;
marking tense by modulating every verb in English might seem redundant to someone 
uent in
ASL. Similarly, the problems we found with the formation of English verb tenses might also be
explained by the fact that ASL marks time in a radically di�erent manner from the way that
English does (i.e., using a speci�c time indicator instead of adding phonemes and auxiliary verbs).

English also uses the sequential addition of auxiliaries, prepositional phrases, adverbs, etc. for
aspectual distinctions. ASL signs are modi�ed, through changes in movement of the underlying sign,
for aspectual changes [KB79]. Adverbial modi�cation is often achieved through facial expression
[BS88]. Since the methods of achieving aspectual distinctions in English are so radically di�erent
from those of ASL, the above aspectual deviations can be explained by LT.

BE, HAVE

� missing BE:

{ \Once the situation changes they di�erent people."

� lack of distinction between \be" and \have" (as main verbs):

{ \... some birth controls are side-e�ect." (Correction: \... have side-e�ects...")

{ \I wish to go to Hawaii because it is beautiful and nice weather." (Ellipsis implies \...
and is nice weather." Correction: \ ... and has nice weather")

ASL does not have a \be" sign which could explain its omission in the written language of
the deaf. In ASL, the idea of being is conveyed by radically di�erent means, for instance, by a
topic-comment structure. Generally, a topic is set up, and then properties are attributed to the
topic (the topic and comment are distinguished non-manually).

While ASL does have a \have" sign, it is often omitted if it can be assumed from the context.

Lexical Items

� Mixing up English words or phrases which share a single ASL sign:

{ \Somehow, I am interesting in ASL and I want to learn it."

A single sign in ASL corresponds to both \interesting" and \interested." Thus this error is
attributable to LT.

9The positioning of a verb with respect to the ASL time line may re
ect tense.
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2.2 LT Summary

While we have only explained a few examples, at least 82% of our error codes (which represent a
�ner distinction than that given in Table 1), and at least 76% of the individual errors reported in
Table 1, are attributable to LT in a similar manner.10 That so many errors �t the characterization
above suggests LT is an important predictor of errors and we should use this characterization to
hypothesize new error classes. Our characterization can be useful in developing language tutoring
systems for second language learners of other languages as well.

2.3 Discourse Level Errors and LT

We believe that several of the error classes we have uncovered in the written English of ASL
natives are the result of transfer of discourse strategies from ASL to written English. We term the
resulting errors discourse errors. They manifest themselves either at the sentence level (resulting
in a sentence which is ill-formed syntactically or semantically), or they may only be apparent in a
longer stretch of text.

Wilbur [Wil77] reports that the language instruction of the deaf has concentrated on the sentence
level and suggests that many errors could result from the writer not understanding when and how to
use particular structures (such as relative clauses and pronouns). We believe that the concentration
on sentence level teaching may contribute to the discourse errors we have found, and it may result
in discourse level errors persisting longer than sentence level errors. Discussions with educators of
the deaf and ASL researchers con�rmed the idea that a skilled deaf writer may develop his/her
writing skills to a point where he or she produces text which lacks discourse cohesion, even though
the individual sentences are grammatically correct.

Much of the research on LT has concentrated on how di�erences in L1 and L2 syntax a�ect
the surface syntactic form of L2 production. Other researchers have explored the e�ects of features
which are more discourse-related; we summarize their work here.

Odlin claims that comprehension and production problems in an L2 may arise due to lack of
familiarity with a discourse pattern, or lack of familiarity with culturally speci�c knowledge. See
[Odl89] for many examples of such problems. Some particularly interesting examples are the less
accurate recollection by Americans (as compared with Japanese) of information in a passage written
in an indirect form (common in Japanese) [Odl89]; di�erences in value judgments of writing due to
cultural di�erences with respect to indirectness [Odl89]; and comprehension problems for British
students caused by the inclusion of supernatural events in a story from the Kathlamet [Odl89].
These examples point to the facts that di�erent cultures organize information di�erently, di�erent
languages exhibit signi�cantly di�erent levels of directness, and culturally speci�c knowledge may
play a greater role in comprehension than one might expect.

Zobl believed LT could occur as the prolongation of the use of L1 pragmatic strategies involving
given versus new information [GS83a]. Thus, LT might result in overuse of a particular pragmatic
strategy in an L2 that does not make much use of that particular pragmatic strategy. Koch and
Bartelt have documented similar transfer with respect to overuse of repetition. Koch saw evidence
suggesting that Arabic discourse may encourage Arab students to repeat words and phrases in
English [Odl89]; and Bartelt saw evidence of overuse of repetition in the English writing of
Navajo and Apache students. [Odl89]

Rutherford argues that whether one's native language is topic-prominent, subject-prominent,
or neither, and the extent to which one's native language tends to use word order to express

10We do not claim that each instance of an error class that is attributable to LT necessarily resulted from LT, only
that LT could explain the error, and thus may be the source of the error. We recognize that there are other sources
for errors, including incorrect analyses of English on the part of the writer, and English instruction.
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pragmatic information, in
uences L2 production. The �rst feature seems to in
uence how often
one uses topic-comment structures, and the second in
uences use of dummy subjects (in languages
that have dummy subjects). We might also see lack of use of pragmatic strategies or lack of
sensitivity to pragmatic strategies in the L2 production of a language which is heavily in
uenced
by pragmatics by someone whose native languages is less in
uenced by pragmatics.

Gass ([GS83b], [Gas89]) argued that one must learn not only the possible word orders of an
L2, but to what extent surface word order is determined by pragmatic factors and to what extent
it is ordered by grammatical factors. She studied the L2 production of Italian speakers learning
English, and English speakers learning Italian. In Italian, surface word order is largely determined
by pragmatics; in English, surface word order is primarily determined by grammatical relationships.
She noted that only Italian speakers at advanced levels of English acquisition seemed to recognize
the importance of syntax in English.

The work described above suggests that LT can explain the e�ects of an L1 on an L2 in terms of
word order, use or lack of use of dummy-subjects, use or lack of use of topic-comment structures, use
or lack of use of pragmatic strategies, indirectness, repetitiveness, and use of cultural information.

Thus, we propose that di�erences in language structuring and cohesion strategies must also be
examined as sources of potential di�culty for referent formation and anaphora resolution. We will
brie
y describe the di�erences between ASL and English with respect to some discourse strategies,
in order to explain how we believe LT may manifest itself between ASL and written English in
terms of referent formation and anaphora resolution.

3 ASL and English Discourse Strategies and Deletions

3.1 Loci and in
ecting verbs

Before describing ASL discourse strategies, it is important to understand two related aspects of
ASL - establishing a locus in space as associated with an NP or a referent, and in
ecting verbs for
agreement. (The following description is largely based on [LM91] since she so clearly and concisely
described these features of ASL.)

In ASL, the locus associated with a referent that is present is the location of the referent.
Pronominal reference to a present referent is achieved by indicating its locus. A locus may be
indicated by pointing or gazing at the locus, or by using that locus as the starting or end point of
a verb. Reference to 1st, 2nd and (a present) 3rd person are achieved in this manner.

For referents which are not present, abstract loci can be associated for each referent in the
signing space in front of the signer's body. \This is accomplished by producing the sign for the
referent at some arbitrary locus in space, or making the sign and then pointing to the locus with the
index �nger, or by eyegaze in the direction of the locus while making the sign." (p. 25-6, [LM91])
Subsequent pronominal reference to a non-present referent assigned to a locus is achieved in the
same manner as that for pronominal reference to present referents. Abstract loci associations persist
in discourse until a new framework is established, and the number of such loci, while theoretically
unlimited, typically does not exceed 5.

ASL has four types of verbs: 1) in
ecting, in
ectable or agreeing verbs, 2) plain or non-agreeing
verbs, 3) spatial, and 4) classi�er verbs [LM91]. (We will discuss only the �rst two.) In
ecting
verbs have very rich subject and object agreement morphology, and plain verbs have no agreement
morphology for subject and object.
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In
ecting verbs are those that are marked for subject and/or object agreement. Subject or
object agreement is achieved by a change in the movement of the underlying sign. Speci�cally, the
movement of the sign begins at the locus of the subject, and ends at the locus of the object.11 For
example, if one signs, \John kicks Mary", the starting point of of the sign KICK is at the locus for
John, and the ending point of the sign is at the locus for Mary. \Thus, ASL verbs do not indicate
the common person and number agreement, but agreement with actual referents." (p. 29, [LM91])

Padden claims that subject agreement is optional, though there may be restrictions on the
optionality [LM91]. If the verb is not in
ected for the subject, then the starting point of the verb is
in a neutral location in front of the signer's body. On the other hand, object agreement is obligatory
if the locus for the object has been established.

Plain or non-agreeing verbs do not change in any way based on the subject or object.

3.2 Null Argument Structures in ASL

Lillo-Martin [LM91] identi�es two kinds of null-argument structures in ASL: those involving in-

ecting verbs, and those involving plain verbs.

The in
ecting verbs in ASL are rich in morphology, like verbs in Italian (which is considered
a pro-drop language). Lillo-Martin argues that when an empty category occurs with such a verb
(that is, when a subject or object is not explicitly signed for such a verb), the referent of the
empty category (EC) is determined by the agreement morphology. In terms of ASL, the agreement
morphology causes the verb sign to begin at the locus of the subject, and end at the locus of the
object. The arguments of the verb can thus be recovered from these locations. Thus, Lillo-Martin's
analysis of EC's with respect to in
ecting verbs in ASL is consistent with the analysis of EC's in
Pro-drop languages (which share the characteristic of having strong morphological markings).

The plain verbs of ASL have no morphology, and thus one would not expect dropped NP's
because the referents couldn't be recovered through verb morphology. However, these verbs do
allow null arguments in some contexts. The same is true of Chinese verbs. Lillo-Martin argues that
the deletions with respect to these verbs are similar to deletions in other languages (like Chinese)
termed discourse-oriented languages which do not contain morphological markings yet do allow NP
deletions that can be recovered from context. Her analysis of deletions/EC's with respect to plain
verbs in ASL is based on Huang's analysis of EC's in Chinese. Speci�cally, Lillo-Martin argues that
ASL allows Topic NP Deletion, i.e., for the topic of a sentence to be \deleted under identity with a
topic of a preceding sentence" [Hua84], and that ASL plain verbs may have an EC subject/object
as the result of topic movement. Thus, as Huang argues for Chinese verbs, null argument structures
of plain verbs arise when the signer topicalizes the sentence, thus creating an EC subject/object
coindexed with the topic, and deletes the topic under coindexation with a topic of a preceding
sentence.

Languages that allow Topic NP Deletion are said to be discourse-oriented languages. Discourse-
oriented languages are very sensitive to pragmatics. English is said to be a sentence-oriented
language [LM91]. Sentence-oriented languages do not allow Topic NP Deletion.

The point of central importance is that the deletion of an NP that co-refers with the topic of a
previous sentence (or discourse topic) is not permissible in English, though it often is in ASL.

11There are verbs for which the movement begins at the direct object and ends at the object. Padden [Pad88]
refers to these as Backwards verbs.
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4 Transfer of Discourse strategies from ASL to English

The central hypothesis of the proposed thesis is that the di�erences between ASL and English at
the discourse level may explain some of the cohesion errors in deaf writing noted both in our initial
analysis and informally by others. Of particular interest to us are the NP deletion errors which
might result from the writer carrying the discourse-oriented aspects of ASL over to English even
though English is a sentence-oriented language. In this case, the writer appears to believe that the
NP can be omitted because it is a topic of the preceding text, even though English does not allow
such omissions.

Examples of NP omissions which we think are related to the transfer of ASL discourse strategies
include the following12:

� \I think that Gallaudet College should require all deaf students to take speech and speechread-
ing courses. Therefore, they can improve their oral skills for their future use. I am going to
tell you that why the deaf student should take "

� \There are many things I like about NTID. They o�er supporting services like interpriters
and notetakers for mainstream classes which I had experiences through my public schools.
Now NTID/RIT o�ers same thing that my school o�ered but only better supporting services.
That is why I like about NTID.

But one thing worries me that most about NTID/RIT is �nancial problems. I hope I could
�nd some ways to solve ."

� \First, in summer I live at home with my parents. I can budget money easily. I did not spend
lot of money at home because at home we have lot of good foods, I ate lot of foods. While
living at college I spend lot of money because go out to eat almost everyday. At home,
sometimes my parents gave me some money right away when I need . While in college, I
could not ask my parents for money right away because I live in Washington DC and my
parents live in Illinois. It is too far."

For each of the above examples, discussions with ASL informants con�rm that the omitted items
would be understood, and that the corresponding ASL discourse would be acceptable/grammatical
if the omitted NP were not signed, pronominally referenced, or indicated by verb agreement. We
propose that these (and other NP deletions like them) can be corrected if we track the topic, or, in
computational linguistics terms, the local focus of discourse. We propose to do this by developing
a modi�ed version of Sidner's focus tracking algorithm [Sid79], [Sid83]. Sidner's algorithm tracks
both a local focus and an actor focus. A claim of this work is that the deleted referent can be
recovered by using focusing data structures and rules similar to those developed by Sidner for
recovering referents of de�nite pronouns and de�nite noun phrases.

5 Focusing Algorithm

5.1 Related Work on Focusing

There have been several other approaches to tracking focus of one kind or another through a dis-
course. Grosz [Gro77], Grosz and Sidner [GS86], and McCoy and Cheng [MC88] describe algorithms
for tracking discourse focus, as opposed to local focus. Discourse focus is intended to capture the

12These are actual excerpts. Each typically contains several errors. Here we focus on the deleted NP's only.
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CF Current Focus
AF Actor Focus
PFL Potential Focus List
PAFL Potential Actor Focus List
EC Empty Category

Figure 1: Key to Abbreviations

broad set of things that the discourse is about. These algorithms are concerned with a level of
focusing which is too global for tracking the omitted NP's. This belief is supported by tests of
our local focusing algorithm on sample texts. In addition, Grosz's work relies on a task model and
requires that the structure of the discourse re
ect the structure of the task. The discourses that we
must handle do not fall under \task oriented" dialogues for which the task model is evident. While
we cannot use either Grosz and Sidner's or McCoy and Cheng's models in our work, we should
note that Sidner's algorithm and our extensions to her algorithm are intended to track local focus,
and are consistent with these other models.

[?] describe an approach for tracking local focus. While the model is similar to Sidner's model
in that it has a backward looking center which roughly corresponds to Sidner's CF, and a set of
forward looking centers which roughly corresponds to Sidner's potential focus list, the model (as
described) leaves many unanswered questions. For instance, it does not include a record of past
forward and backward looking centers corresponding to the focus stack in Sidner's algorithm. The
stacking mechanism (which we have found the need to extend beyond what Sidner speci�ed) is
necessary for recovering the referents of deleted NP's.

[Dah86] describes a focusing algorithm which uses syntactic rather than thematic criteria to
determine focus preferences. Sidner's algorithm uses thematic, syntactic and pronominal informa-
tion to determine focus preferences, and we have found these focus preferences, in the context of
our expansion of Sidner's algorithm, to be useful in correcting illegal NP omissions. Thus, we have
chosen to explore expansion of Sidner's algorithm (which is relatively well-de�ned) rather than
exploring expansion of another approach. This approach has shown success thus far.

We should note that while Sidner's algorithm requires inferencing to con�rm the co-speci�cation
of an anaphor, any system will need inferencing at least to con�rm a co-speci�cation, and con�rming
a co-speci�cation by inferencing is far easier than selecting a co-speci�er by inferencing (as other
systems have done). Since Sidner's approach relies heavily on linguistic knowledge, it also relieves
us of the burden of representing and reasoning with a signi�cant amount of world knowledge beyond
that needed for con�rming the co-speci�cation of an anaphor.

5.2 Overview of our Algorithm

Our focusing algorithm is basically what is described in [Sid79] and [Sid83] to track local and actor
foci, but we have had to augment the algorithm to handle complex sentence types, and to track
some additional information.

The proposed focusing algorithm works by recording certain information as a discourse pro-
gresses from one sentence to the next. In each (simple) sentence, the actor focus (AF) is identi�ed
with the thematic agent of the sentence. (If the sentence has no agent, then the previous AF
is retained.) The Potential Actor Focus List (PAFL) contains all NP's that specify an animate
element of the database and do not occur in agent position. If a sentence has a pronoun in agent
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position, the previous AF is chosen for its co-speci�cation.13

Tracking local focus requires some additional machinery. The �rst sentence in a text can be
said to be about something. That something is generally di�erent from the actor focus and is called
the current focus (CF) of the sentence.14 The CF can generally be identi�ed via syntactic means,
taking into consideration the thematic roles of the elements in the sentence (see Appendix A for
description of algorithm). In addition to the CF, an initial sentence introduces a number of other
items (any of which can go on to become the focus of the next sentence). Thus, these items are
recorded in a potential focus list (PFL).15

After the �rst sentence, at any given point in a well-formed text, the writer has a number of
options:

� Continue talking about the same thing; in this case, the CF doesn't change.
� Talk about something just introduced; in this case, the CF becomes a member of the previous
sentence's PFL.

� Return to a topic of previous discussion. In this case that topic must have been the CF of a
previous sentence, or must have been on the PFL of a previous sentence.16

The decision (by the reader/hearer/algorithm) as to which of these alternatives was taken is based
on the thematic roles (with particular attention to the agent role) held by the anaphoric elements
of the current sentence, and whether their co-speci�cation is the CF of the previous sentence, a
member of the PFL of the previous sentence, or an element in the CF stack or the PFL stack.
Con�rmation of co-speci�cations requires inferencing based on general knowledge and semantics.

At each sentence in the discourse, the CF and PFL of the previous sentence are stacked for
the possibility of subsequent return. When one of these items is returned to, the stacked CF's and
PFL's above it are popped, and are thus no longer available for return.

5.3 Filling in a Missing NP

We propose using information from the focus algorithm to identify the referent of an illegally
omitted NP (and extending the focus algorithm to calculate the CF and PFL in the presence of an
illegally omitted NP).

To identify the referent of a missing NP, we treat the omitted NP (whose position in the sentence
will be identi�ed by syntactic analysis) as an anaphor which, like Sidner's treatment of full de�nite
NP's and personal pronouns, co-speci�es with an element recorded by the focusing algorithm. We
de�ne preferences among the focus data structures which are similar to Sidner's [Sid79], [Sid83].
Essentially, we expect the omitted item to co-specify with a focus item of higher priority than the
co-speci�er of a pronoun or de�nite NP.

More speci�cally, when we encounter an omitted NP in other than agent position, we �rst try
to �ll the deleted NP with the CF of the immediately preceding sentence. If semantics and general

13Throughout this paper, we discuss whether an NP co-speci�es another NP, the Current Focus, or a member of
a Potential Focus List, etc. By writing that X co-speci�es Y, we mean that the knowledge network representation
speci�ed by X is the knowledge network representation speci�ed by Y (in the case that Y is an NP), or corresponding
to Y (in the case that Y is a focusing data structure).

14Sometimes the AF and the CF are the same.
15Sidner uses many terms and data structures to describe her algorithms. We will collapse these terms for simplicity.

For instance, Sidner writes of a PFL, ALFL, and DEF, and we will refer to all of them as a PFL. She refers to an
expected focus and a current focus (CF), but we will call them both CF (even though the the CF of a discourse-
initial sentence may never be con�rmed as the focus, but only be expected to be the focus when processing the next
sentence).

16Sidner's algorithm just stacked CF's. We have extended the algorithm to stack PFL's as well.
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knowledge inferencing cause this co-speci�cation to be rejected, we then consider members of the
PFL of the previous sentence for �lling the deleted NP. If these too are rejected, we consider stacked
CF's and elements of stacked PFL's, taking into account preferences (yet to be determined) among
these elements. When we �nd an element that is acceptable according to syntax, semantics and
general knowledge, we �ll the empty NP with that element.

When we encounter an omitted NP in agent position in a simple sentence or a sentence-initial
clause, we �rst test the previous the AF as co-speci�er, then members of the PAFL, the previous
CF, and �nally stacked AF's, CF's and PAFL's. To identify the missing agent NP in a non-sentence-
initial clause, our algorithm will �rst test the agent of the previous clause, and then follow the same
preferences just given. Further preferences are yet to be determined, including those between the
stacked AF, stacked PAFL, and stacked CF.

While �lling in an NP is much like �nding the co-speci�er of any other anaphor, we place the
additional constraint that a missing NP in a clause should be �lled before the co-speci�ers of other
anaphora are calculated. We impose this constraint because of the following. First, we are assuming
that an omitted NP is the most focused element in the sentence. Second, we are assuming17 that
if there is an omitted NP in a clause, all NP's that co-reference that NP in that clause are also
omitted (since we think they could also be omitted for the same reason that the �rst omitted NP
was omitted, i.e., they will be understood from the context).18 Thus, if we were to �rst compute
the co-speci�er of another anaphor, that anaphor would be assigned the most focused possible co-
speci�er, and the omitted NP would not be able to co-specify with that most focused co-speci�er
(under the second assumption) and will thus be forced to co-specify with a less co-speci�ed item
(violating the �rst assumption).

5.4 Computing the CF

We must decide how to compute the CF in the presence of illegally omitted NP's. As is speci�ed
in the algorithm mentioned in section 5.2, the CF of a sentence (in a coherent discourse) will be
related to the elements contained in the data structures maintained by the focusing algorithm: it
will be the same as the CF of the last sentence, an item introduced in the last sentence and thus
a member of the PFL of the last sentence, or an element of the stacked CF's or stacked PFL's.
The decisions as to which one of these moves is taken is determined by the anaphoric elements
in the sentence and their co-speci�cations. When computing the CF, we treat illegally omitted
NP's as anaphora since they (implicitly) co-specify something in the preceding discourse. Sidner's
algorithm orders the focusing data structures, giving preference to the previous CF and then the
previous PFL, and �nally considering the focus stacks, and takes the �rst such element that has a
co-speci�er in the current sentence. Exceptions to this ordering occur for either thematic reasons
or due to the type of anaphor used. In keeping the AF and CF di�erent, the algorithm prefers a
non-agent anaphor co-specifying a PFL member over an agent co-specifying the CF. The anaphora
themselves are prioritized: pronouns are considered better indicators of focus than de�nite NP's.
Thus, the algorithm prefers a PFL member co-speci�ed by a pronoun to the CF co-speci�ed by a
full de�nite description.

In determining how the algorithm should compute the CF in the presence of omitted NP's, it is
important to remember that discourse-oriented languages allow deletions of NP's that are the topic
of the discourse. Thus there is strong evidence that a deleted NP (in the writing of an ASL native)

17We need to con�rm that this assumption is reasonable based on further study of ASL and analysis of deaf writing
samples.

18Recall we are only correcting NP's that are omitted under Topic NP deletion, as opposed to those deleted in the
presence of rich verb morphology.
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is the intended topic.
Note that Sidner prefers pronouns to a de�nite descriptions as the likely CF since pronouns

are strong indicators of focus. We include that preference, and add the preference that we prefer
omitted NP to pronouns since they are yet stronger indicators of focus (at least in discourse-oriented
languages).

Thus, in adapting Sidner's algorithm to handle the omitted NP's, we want to prefer the deleted
non-agent as the focus, as long as it closely ties to the previous sentence. Thus, we prefer the
co-speci�er of the omitted non-agent NP as the (new) CF if it co-speci�es with either the last CF
or a member of the last PFL. If the omitted NP is in agent position, we prefer for the new CF to
be a pronominal (or, as a second choice, full de�nite description) non-agent anaphor co-specifying
either the last CF or a member of the last PFL (allowing the deleted agent NP to be the AF
and keeping the AF and CF di�erent).19 If no anaphor meets these criteria, then the members of
the CF and PFL focus stacks will be considered, testing a co-speci�er of the omitted NP before
co-speci�ers of pronouns and de�nite descriptions at each stack level.

The description above applies to simple sentences. When we have a complex sentence, we
compute the CF and PFL for each clause as if the clause occurred as a simple sentence in isolation,
and then use this information from each clause to compute the CF and PFL of the entire sentence (as
brie
y described in section 8). This aspect of the algorithm will be one of the major contributions
of this thesis.

A fuller description of the Focusing Algorithm can be found in Appendix A.

6 Overview of the Algorithms

The algorithm that we will implement and use to track focus and �ll in missing NP's is composed
of several smaller algorithms (two of which were discussed in sections 5.4 and 5.3). A high-level
description of the modules of this algorithm is in �gure 2.

The Discourse Initial Algorithm selects the CF and PFL for the �rst sentence of a discourse.
Next a loop is entered to process the remaining sentences in the discourse. The Co-Speci�cation
Algorithm takes the CF, AF, PFL, PAFL and focus stacks and uses a set of preferences to determine
the co-speci�ers of the de�nite NP's, de�nite pronouns, and empty NP's in the current sentence
(discussed in section 5.3). We should note that the implemented algorithm will only compute the
co-speci�ers of the empty anaphora. We will not calculate the non-empty anaphora, but we will
assume we are given their co-speci�cations via a set of oracles. Such co-speci�cations could be
calculated by anaphora resolution algorithms similar to Sidner's de�nite anaphora resolution algo-
rithms. We will not reproduce Sidner's anaphora resolution algorithms here; basically they impose
preferences among the focusing data structures and the kinds of co-speci�cation relationships that
an anaphor could have with each of the data structures. (Carter extended Sidner's algorithms to
handle intrasentential anaphora.)

The Focus Tracking algorithm (partially discussed in section 5.4) calculates the new CF for
each (non-discourse-initial) sentence, and stacks the previous CF and PFL. The Actor Focus Al-
gorithm selects and AF and PAFL, and stacks the previous AF and PAFL. The Potential Focus
Algorithm calculates the PFL for non-discourse-initial sentences. More complete descriptions of
these algorithms can be found in Appendix A. The remaining thesis work will continue to 
esh out
these algorithms. For instance, the algorithms in the appendix do not handle the complex sentence
and related extensions that will be discussed below.

19As future work, we will explore how to resolve more than one non-agent anaphor in a sentence co-specifying PFL
elements.
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Discourse Initial Algorithm - % establishes CF, PFL, AF, PAFL of the �rst sentence

LOOP
Co-Speci�cation Algorithm - % selects co-speci�cations using the CF, AF, PFL,

% PAFL, and focus stacks from the previous sentence

Focus Tracking Algorithm - % updates the CF and CF stack to re
ect the current sentence

Actor Focus Algorithm - % updates the AF, PAFL, AF stack and PAFL stack

% to re
ect the current sentence

PFL Calculation - % updates the PFL and PFL stack to re
ect the current sentence

GOTO LOOP

Figure 2: Flow of Algorithm Processing

7 Example 1

Below, we describe the behavior of the extended algorithm on an example from our collected texts
containing both a deleted object and deleted subject.

Example:

\(S1) First, in summer I live at home with my parents.
(S2) I can budget money easily.
(S3) I did not spend lot of money at home because at home we have lot of good foods, I
ate lot of foods.
(S4) While living at college I spend lot of money because go out to eat almost everyday.
(S5) At home, sometimes my parents gave me some money right away when I need .
(S6) While in college, I could not ask my parents for money right away because I live
in Washington DC and my parents live in Illinois. "

After the Discourse Initial Algorithm is applied to S1, the CF is HOME, and the PFL is SUMMER,
and the LIVE VP, the AF is I, and the stacks are empty.

Focus Data Structures after S1:

CF HOME

PFL SUMMER, and the LIVE VP
AF I

CF stack empty
PFL stack empty

For S2, we �rst apply the co-speci�cation algorithm. Next, the Focus Tracking Algorithm is
applied. I is the only anaphor, so it becomes the CF, the PFL is MONEY, EASILY, and the BUDGET
VP, the AF is I, the CF stack contains HOME, and the PFL stack contains the previous PFL.

Focus Data Structures after S2:

CF I

PFL MONEY, EASILY, and the BUDGET VP
AF I

CF stack HOME

PFL stack SUMMER, and the LIVE VP
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S3 is a complex sentence using the conjunction \because." Such sentences are not explicitly
handled by Sidner's algorithm. As noted earlier, we will compute the CF and PFL for each clause
of a complex sentence as if it were a simple sentence following the preceding sentence, and then
calculate the CF and PFL of the whole sentence based on those calculations.20 For \X BECAUSE
Y" sentences, we prefer elements of the X clause as focus candidates to those of the Y clause (see
section 8). Thus, we take the CF from the main clause, and rank elements in the main clause before
elements in the second clause on the PFL.21 In this case, the co-speci�cation algorithm will identify
several anaphora: \I", \money", and \at home". The CF becomes MONEY since it co-speci�es with
a member of the PFL and since the co-speci�er with the last CF (I) is the agent of S3. Because the
PFL algorithm will order the elements of the main clause before the elements in the other clause
(the one after \because"), the PFL will contain HOME, NOT SPEND VP, and GOOD FOOD, HOME, and
the HAVE VP. The AF remains I. We stack the CF, AF and the PFL of S2.

Focus Data Structures after S3:

CF MONEY

PFL HOME, NOT SPEND VP, and GOOD FOOD, HOME, and the HAVE VP.
AF I

CF stack I, HOME
PFL stack PFL of S2, followed by the PFL stack of S2

Note that S4 has a missing agent in the second clause. To identify the missing agent in a non-
sentence-initial clause, our co-speci�cation algorithm (which �lls empty NP's) will �rst test the AF
agent of the last clause for possible co-speci�cation. Since this poses no contradiction, the omitted
NP is �lled with \I". The CF is computed by �rst considering the �rst clause of S4, since the X
clause is the preferred clause of an X BECAUSE Y construct. Since \money" co-speci�es with the
CF of S3, and nothing else in the preferred clause co-speci�es a member of the PFL, MONEY remains
the CF. The PFL contains COLLEGE, the SPEND VP, ALMOST EVERY DAY,
the TO EAT VP, and the GO OUT TO EAT VP. We stack the CF, AF, and PFL of S3.

Focus Data Structures after S4:

CF MONEY

PFL COLLEGE, the SPEND VP, ALMOST EVERY DAY,
the TO EAT VP, and the GO OUT TO EAT VP.

AF I

CF stack MONEY, I, HOME
PFL stack PFL of S3, followed by the PFL stack of S3

S5 contains a subordinate clause with a missing object. Our co-speci�cation algorithm �rst
considers the CF, MONEY, as the co-speci�er of the omitted NP; semantics, syntax, and inferencing
with discourse and general knowledge do not prevent this co-speci�cation, so it is adopted. The
co-speci�cation algorithm is then applied to other NP's. The Focus Tracking Algorithm chooses
MONEY as the CF, since it is the co-speci�er of an omitted non-agent NP occurring in the preferred
clause of this sentence (i.e., the verb complement clause).

Focus Data Structures after S5:
20If we were instead to split the sentence up, and treat each clause as a sentence, then the focus would shift

away from MONEY when we process the second clause (which contradicts our intuition of what the focus is in this
paragraph).

21The appropriateness of placing elements from both clauses in one PFL and ranking them according to clause
membership will be further investigated. This construct (\X BECAUSE Y") is further discussed in section 8.
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CF MONEY

PFL NEED VP, MY PARENTS, HOME, GIVE VP
AF I

CF stack MONEY, MONEY, I, HOME
PFL stack PFL of S4, followed by the PFL stack of S4

The next sentence of the text (S6) con�rms MONEY as the CF of S5, thus giving some support
to our expansion of the focus algorithm to handle omitted NP's.

8 Discussion and Required Extensions

One of the major extensions needed in Sidner's algorithm has to do with handling complex sen-
tences. Based on a limited analysis of sample texts, we propose that we will compute the CF and
PFL of a complex sentence based on a classi�cation of sentence types. For instance, for a sentence
of the form \X BECAUSE Y" or \BECAUSE Y, X", we prefer the expected focus of the e�ect
clause as CF, and order elements of the X clause on the PFL before elements of the Y clause.
Analogous PFL orderings apply to other sentence types described here. For a sentence of the form
\X CONJ Y", where X and Y are sentences, and CONJ is \and", \or", or \but", we prefer the
expected focus of the Y clause. For a sentence of the form \IF X (THEN) Y", we will prefer the
expected focus of the THEN clause, while for \X, IF Y", we will prefer the expected focus of the
X clause. For a sentence with a verb complement, we will prefer the thematic positions of the
verb complement before all other thematic positions (i.e., order all other thematic positions of the
verb complement before thematic positions of the matrix sentence). Further study is needed to
determine other preferences and actions (including how to further order elements on the PFL) for
these and other sentence types. These preferences will likely depend on thematic roles and syntactic
criteria (such as whether an element occurs in the clause that contains the expected CF).

We also need to explore AF calculation for complex sentences. At this point, we will pick the
AF from the preferred clause, and put the agents in other clauses at the beginning of the PAFL,
followed by all other non-agent (animate) NP's.

The decisions about how these and other extensions should proceed have been or will be based
on analysis of both standard written English and the written English of deaf people. The algorithm
will be developed to match the intuitions of native English speakers as to how focus shifts.

A second di�erence between our algorithm and Sidner's is that we stack the PFL's as well
as the CF's. Some NP omissions we have analyzed require returning to a stacked PFL. It seems
reasonable that stacking the PFL's may be needed for processing standard English (and not just
for our purposes). One reason we believe we need to stack PFL's is it seems that sometimes, in
complex sentences, focus revolves around the theme in one of the clauses, and later it returns to
revolve around items in another clause. Further investigation may indicate that we need to add
new data structures or enhance existing data structures to handle focus shifts related to these and
other complex discourse patterns.

We should note that while we prefer the AF as the co-speci�er of an omitted agent NP (recall
our discussion of step 3, above), Sidner's recency rule22 suggests that perhaps we should prefer a
member of the PFL if it is the last constituent of the previous sentence (since a null argument
seems similar to pronominal reference). However, our studies show that a rule analogous to the
recency rule does not seem to be needed for resolving the co-speci�er of an omitted NP. In addition,
Carter [Car87] feels the recency rule leads to unreliable predictions for co-speci�ers of pronouns.

22Sidner's recency rules prefers a member of the PFL which occurred as the last constituent in the last sentence as
a co-speci�er of a subject pronoun.
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Thus, we do not expect to change our algorithm to re
ect the recency rule. (We also suspect we
will abandon the recency rule for resolving pronouns.)

The analysis given above for �lling in the missing NP of S4 �lls the NP based on the focus
information from the previous sentence. Alternately, we can consider �lling missing NP's in relative
clauses with the topic of the main clause. This would be consistent with an analysis where the
relative clause is assumed to be topicalized with a topic based on the main clause. We need to
explore this alternative analysis for �lling in NP's to determine which is more accurate or under
which conditions each analysis should be applied.

Another task is to specify focus preferences among stacked PFL's and stacked CF's, perhaps
taking thematic and syntactic information into consideration.

9 Example 2

Example:

\There are many things I like about NTID. They o�er supporting services like interprit-
ers and notetakers for mainstream classes which I had experiences through my public
schools. Now NTID/RIT o�ers same thing that my school o�ered but only better sup-
porting services. That is why I like about NTID.

(S1) But one thing worries me that most about NTID/RIT is �nancial problems.
(S2) I hope I could �nd some ways to solve ."

9.1 Discussion and Required Extensions

An important question raised by this example is how to handle a paragraph-initial, but not
discourse-initial, sentence. Do we want to treat it as discourse-initial, or as any other non-discourse-
initial sentence? At this point, we suggest (based on analysis of samples) that if its sentence type
�ts a particular class of types, that we would use the preferences of the Discourse Initial Algorithm
for calculating the CF and PFL to calculate the CF and PFL (in this sense, treat the sentence
as discourse initial) and retain the CF and PFL stacks, pushing the last CF and PFL, (in this
way, treating the sentence as not discourse-initial). Handling a paragraph-sentence in this manner
allows for certain syntactic structures to play a more prominent role than they would otherwise.
Two sentence types that would be included in this class of sentence types are mentioned by Sidner
(p. 284, [Sid83]):

agent \There once was a prince who was changed into a frog."

object \There was a tree which Sanchez had planted."

We include sentences starting with \First,", \Second,", \Third,", etc. in this class of sentences.
We will explore whether other sentence types should be included in this class.

If a paragraph-initial sentence does not fall into this class of sentence types, we will treat it as
any other non-discourse-initial sentence.

In this example, we will treat S1 as non-discourse-initial. First we use the co-speci�cation
algorithm to �nd co-speci�ers of anaphora. Since S1 is a pseudo-cleft agent sentence, using the Focus
Tracking Algorithm, we will pick the cleft agent as the CF. Thus, after S1, the CF is FINANCIAL
PROBLEMS, the PFL contains THE ONE THING THAT WORRIES ME THE MOST ABOUT NTID/RIT, ME,
and NTID/RIT. The AF is ME. (We stack the previous CF, AF, and PFL of the previous sentence.)
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Focus Data Structures after S1:

CF FINANCIAL PROBLEMS

PFL THE ONE THING THAT WORRIES ME THE MOST ABOUT NTID/RIT, ME, and NTID/RIT

AF ME

CF stack the CF of the previous sentence, followed by the CF stack of the previous sentence
PFL stack the PFL of the previous sentence, followed by the PFL stack of the previous sentence.

We need to �ll in a non-agent empty NP in S2. We �rst test the previous CF, financial
problems. Since there is no reason to reject the previous CF as the referent of the empty NP,
the algorithm �lls the empty NP with the old CF. Thus, the empty NP is correctly �lled by the
algorithm.

10 Example 3

\(S1) I think that Gallaudet College should require all deaf students to take speech and
speechreading courses.
(S2) Therefore, they can improve their oral skills for their future use.
(S3) I am going to tell you that why the deaf student should take "

10.1 Discussion and Required Extensions

This example illustrates an assumption discussed in section 5.3. The assumption was that if there
is an omitted NP in a clause, all NP's that co-reference that NP in that clause are also omitted.
As a result, we will reject any �lling of an NP that makes it impossible to �nd the co-speci�er of a
full de�nite noun phrase in the same clause.

Under the assumption discussed above, the focusing algorithm functions as follows. After S1,
by the Discourse Initial algorithm, the CF is SPEECH AND SPEECH-READING COURSES since that is
the theme of the verb complement, and the PFL contains DEAF STUDENTS, the TAKE SPEECH AND

SPEECH READING COURSES VP, GALLAUDET COLLEGE, and the REQUIRE VP. By the Actor Focus
Algorithm, the AF is DEAF STUDENTS and the PAFL is GALLAUDET COLLEGE.

Focus Data Structures after S1:

CF SPEECH AND SPEECH-READING COURSES

PFL DEAF STUDENTS the TAKE SPEECH AND SPEECH READING COURSES VP,
GALLAUDET COLLEGE, and the REQUIRE VP

AF DEAF STUDENTS

CF stack empty
PFL stack empty

Sidner's (third person agent pronoun) anaphora resolution algorithm would correctly predict
actor ambiguity for \they". (It isn't clear whether the students will improve their abilities or the
courses will.) We will assume our oracles will make the same predictions. If we assume \they" of
S2 refers to DEAF STUDENTS, then, by the Focus Tracking Algorithm, since only members of the
PFL are co-speci�ed by anaphora, the CF becomes DEAF STUDENTS, and by the Potential Focus
Algorithm, the PFL contains THEIR ORAL SKILLS, THEIR FUTURE USE, and the CAN IMPROVE VP,
and the CF stack contains SPEECH AND SPEECH READING COURSES.
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Focus Data Structures after S2 (\they" co-speci�es DEAF STUDENTS):

CF DEAF STUDENTS

PFL THEIR ORAL SKILLS, THEIR FUTURE USE, and the CAN IMPROVE VP
AF DEAF STUDENTS

CF stack SPEECH AND SPEECH READING COURSES

PFL stack DEAF STUDENTS the TAKE SPEECH AND SPEECH READING COURSES VP,
GALLAUDET COLLEGE, and the REQUIRE VP

Then, for S3, the co-speci�cation algorithm tries to �ll the empty object NP with the previous
CF (the �rst choice for an omitted non-agent NP). However, we reject this (DEAF STUDENTS) because
\deaf students" of \... why the deaf students should..." can not co-specify with the �lled omitted
NP (based on our assumption that an omitted NP can not co-specify any non-empty NP in the
same clause). Next, we try �lling the NP with members of the PFL; semantics causes the rejection
of THEIR ORAL SKILLS and THEIR FUTURE USE, and a VP can not �ll an NP. So, we look at the
focus stack, which contains SPEECH AND SPEECH READING COURSES. There is no reason to reject
this and, thus, the missing NP is correctly �lled by the algorithm.

If we assume \they" of S2 to refer to SPEECH AND SPEECH READING COURSES, then since \they"
co-speci�es the previous CF of S1, \their oral skills and \their future use" both co-specify DEAF

STUDENTS, which is a member of the previous PFL, we must choose the new CF from among the
previous CF and these PFL members. Since the anaphor co-specifying the CF is in agent position,
we shift the focus to a member of the PFL co-speci�ed by a non-agent. In this case, only one
member of the PFL is co-speci�ed by the remaining anaphora, so we select it (DEAF STUDENTS)
as the CF. (We need to expand the algorithm to handle multiple anaphora co-specifying multiple
members of the PFL.) The new PFL contains THEIR ORAL SKILLS, THEIR FUTURE USE, and the
CAN IMPROVE VP. SPEECH AND SPEECH READING COURSES is pushed on the CF stack.

Focus Data Structures after S2 (\they" co-speci�es SPEECH AND SPEECH READING COURSES):

CF DEAF STUDENTS

PFL THEIR ORAL SKILLS, THEIR FUTURE USE, and the CAN IMPROVE VP
AF DEAF STUDENTS

CF stack SPEECH AND SPEECH READING COURSES

PFL stack DEAF STUDENTS the TAKE SPEECH AND SPEECH READING COURSES VP,
GALLAUDET COLLEGE, and the REQUIRE VP

The analysis for �lling the empty NP of S3 in this case (i.e., where \they" co-speci�es SPEECH
AND SPEECH READING COURSES), is the same as for the �rst case, since the contents of the focus
data structures are the same after both case analyses of S2.

While both analyses yield the correct result for �lling in the empty NP of S3, because of the
unnecessary work that is required by considering all possibilities when we have an ambiguous
pronoun, we anticipate that in the written English tutorial system, we will query the user as to
which is the correct referent when we encounter an ambiguity condition.

11 Conclusions

We have discussed proposed extensions to Sidner's algorithm to track local focus in the presence
of illegally omitted NP's, and to use the extended focusing algorithm to identify the intended co-
speci�ers of omitted NP's. This strategy is reasonable since LT may lead a writer to use a rule of

21



discourse-oriented ASL which allows the omission of an NP that is the topic of a preceding sentence
when writing sentence-oriented English.

The focus algorithm is potentially bene�cial for correcting other errors in deaf writing. For
example, it may be useful in identifying the intended referent when the writer has used a pronoun
where a full de�nite description is required (to avoid ambiguity).

The major contribution of this thesis is the provision of a focusing algorithm for English that is
more detailed and realistic with respect to English, especially for complex sentence types. Another
contribution of this thesis is further documentation that there is transfer of discourse strategies in
the language production of a second language learner. Additionally, it develops a methodology for
capturing a particular class of errors expected to occur in the production of a sentence-oriented
language being acquired by a speaker/signer of a discourse-oriented language.

12 Plan

We plan to study more text samples from ASL natives and from native speakers of English to test
the proposed extensions and to identify extensions that will address other focusing questions which
we've identi�ed. In particular, we will look for other examples of NP omissions.

We will implement the focusing algorithm, assuming as input a GB-like syntactic parse tree
and a semantic representation (as described in section 14.1) of the sentence. The co-speci�cation
con�rmation will be done by an oracle since the required inferencing is beyond the scope of this
work. The speci�cation of the input requirements and output behavior of the oracle will be speci�ed.

Finally, we will test our LT hypothesis and the extended focusing algorithm by testing whether
the algorithm can correctly identify the omitted NP's in deaf writing samples which are di�erent
from the examples used in developing the algorithm.
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14 Appendix A

All of the algorithms described in this thesis assume the following as input: a syntax tree and a
semantic representation of the sentence which indicates which NP �lls which thematic role [Fil68].
Further input speci�cations are given for each particular algorithm.

14.1 Discourse Initial Algorithm

The CF and PFL of a discourse-initial sentence are calculated slightly di�erently than for a
non-discourse-initial sentence. Sidner referred to this algorithm as the Expected Focus Algorithm.
We will use her algorithm, but refer to the output as the CF and PFL (rather than the expected
focus and DEF) for simplicity. The algorithm relies on syntax in cases where the syntax is a strong
indicator of focus (e.g., There-insertion sentences). If this is not the case, then the thematic roles
of the sentence (giving preference to theme) are taken as the indicators of focus.

IF (the sentence is an is-a sentence)

THEN

CF=the subject of the sentence.

ELSE IF (the sentence is a there-insertion sentence)

THEN

CF=object of the there-insertion sentence

ELSE

IF (THEME is a verb complement)

THEN CF = THEME of verb complement;

ELSE % THEME is not a verb complement

CF = THEME;

PFL = all other thematic positions

with the AGENT last,

followed by the verb phrase.

IF the sentence has an agent

THEN AF = agent

ELSE retain AF;

PAFL = all NP's;

Extensions related to those discussed for the PFL in sections 7 and 8 will be needed to calculate
the CF and PFL of a discourse-initial complex sentence.

14.2 Filling in a Missing NP (Co-speci�cation Algorithm)

Missing non-agent NP:

Try to fill empty NP with CF

Try to fill empty NP with members of PFL

Try to fill empty NP with stacked CF's, and stacked PFL elements,

under preferences yet to be determined. (For example, should

one go through all CF's before PFL's or go down the CF and PFL stacks layer

by layer?)
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Missing agent NP:

IF trying to fill an agent NP in a simple sentence or in the first

clause of a complex sentence

THEN

Try to fill empty NP with AF

Try to fill empty NP with PAFL

Try to fill empty NP with CF

Try to fill empty NP with stacked AF and PAFL

ELSE

IF trying to fill an NP in agent position in a complex sentence

in other than the first clause

THEN

Try to fill empty NP with agent of the previous clause

Try to fill empty NP with AF

Try to fill empty NP with PAFL

Try to fill empty NP with CF

Try to fill empty NP with stacked AF and PAFL

(IF Discourse-Initial sentence, then fill with ``I'' )

(For anaphora which are non-empty, we rely on oracles to give us the co-speci�ers.)

14.3 Proposed Focus Tracking Algorithm

Sidner mentions four sentence types which strongly mark focus and are usually not discourse initial
(p. 284, [Sid83]):

pseudo-cleft agent \The one who ate the rutabagas was Henrietta."

pseudo-cleft object \What Henrietta ate was the rutabagas."

cleft agent \It was Henrietta who ate the rutabagas."

cleft object \It was the rutabagas that Henrietta ate."

In order to recognize the strong focus marking tendencies of the syntactic structures, the �rst
thing the focusing algorithm does is test whether the sentence is of one of these types, and, if so,
sets the CF accordingly.

IF cleft or pseudo-cleft

THEN IF the cleft item is not the previous CF, and some piece of the

non-clefting item co-specifies with something in the focus

data structure

THEN CF is the cleft item

ELSE the sentence is incoherent

The Focus Tracking algorithm is used to update the CF based on the focusing data structures
and the co-speci�cations of the anaphora in the current sentence. The algorithm here is based on
Sidner's algorithm, and we have indicated which parts of the Focus Tracking Algorithm correspond
to which steps of Sidner's algorithm by including step numbers in the comments. We have omitted
the steps corresponding to do-anaphora (since we do not handle verbal anaphora) and focus sets
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(for clarity in the algorithm presentation; focus sets are rarely needed). Additions have been made
to handle tracking focus in the presence of omitted NP's. Further modi�cations to handle complex
sentence types must be made.

Input:

� CF (current focus) - the focus of the previous sentence
(Based on Discourse Initial Algorithm at start of sentence 2; otherwise the CF is determined
by the last iteration of this algorithm. )

� PFL = Potential Focus List from the previous sentence.
(Based on Discourse Initial Algorithm if on sentence 2, based on PFL algorithm otherwise.)

� CF, PFL stacks - history of past CF's and PFL's; both empty on sentence 2

� information on anaphora in the sentence and their co-speci�cations with elements in focusing
data structures .

Note: In what follows, the term \anaphor" includes an omitted NP.

Stack the old CF;

IF cleft or pseudo-cleft % Strong Syntactic indicators override

% usual rules based on thematics, syntax

% and focus history

THEN IF the cleft item is not the previous CF, and some piece of the

non-clefting item co-specifies with something in the focus

data structure

THEN CF is the cleft item

ELSE the sentence is incoherent

ELSE

IF (there are multiple anaphora, at least one specifying the

CF and at least one specifying something on the PFL)

THEN BEGIN % step 3

IF there was an omitted non-agent NP

AND (the omitted non-agent co-specifies the CF or

something on the PFL)

THEN CF=omitted non-agent NP

ELSE

IF (there are anaphora co-specifying the CF and some

members of the PFL)

% Need to expand this part to handle multiple

% anaphora co-specifying multiple members of PFL

THEN IF (the cospecifier of the CF is a non-agent

AND the cospecifier of the PFL is an agent)

THEN

retain the CF as focus;

ELSE IF (the cospecifier of the CF is an agent

AND the cospecifier of the PFL is a non-agent)

THEN

make the new CF the old PFL element (for
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multiple PFL co-spec's, prefer

pro's over full definite NP's, and consider

PFL order (to be determined) if

choice is still ambiguous

ELSE IF (the CF co-specifies a non-agent

AND the PFL co-specifies a non-agent)

THEN IF only the PFL member is mentioned by a

pronoun

THEN make the CF the PFL member

ELSE retain the CF;

END % step 3

ELSE IF (CF is co-specified by an anaphor, but no member of

the PFL is co-specified by an anaphor)

THEN BEGIN % step 4

retain the CF as focus;

END % step 4

ELSE IF (anaphora cospecify members of the PFL, but no

anaphor co-specifies the CF)

THEN BEGIN % step 5

IF (only one member of PFL is specified)

THEN

CF is that member of the PFL;

ELSE

choose CF in manner suggested

by the ordering of the PFL (to be determined)

END % step 5

ELSE IF (there is an omitted NP in agent position)

% since we are in this step, we know

% no anaphor co-specifying the CF or

% the PFL was found

THEN CF=omitted NP;

ELSE IF (the anaphora cospecify a member of

the focus stack) % (but no anaphor

% co-specifies the CF or a PFL member)

THEN BEGIN % step 6

move the CF to the stack member

by popping the stack

END % step 6

ELSE % step 8

IF ((no anaphora cospecifying any of CF,

PFL, or focus stack)

AND (CF can fill a non-obligatory

case OR the VP is related to

the CF by nominalization))

THEN retain the CF;

ELSE % step 10

IF (no foci mentioned)

THEN BEGIN
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retain CF as focus;

for any unspecified pronoun, the

non-antecedent pronoun condition

holds

END % step 10

14.4 The PFL Algorithm { How to compute the PFL for a simple non-discourse-

initial sentence

At the end of processing each non-discourse initial sentence, we compute the PFL. For any simple
sentence, the potential focus list consists of a list of all elements in the knowledge network which
are speci�ed by NP's �lling a thematic role23, excluding an NP in agent position and excluding the
NP which co-speci�es the CF, followed by the verb phrase. This description �ts that of Sidner's
PFL algorithm.

We propose to explore whether we can further order elements of the PFL, based on thematic,
syntactic or other criteria. One possibility is that we will order the elements by favoring elements
�lling obligatory roles over non-obligatory roles. We also plan to explore how (i.e., in what form)
the VP should be included on the PFL. At this point, we believe that since all NP's that are related
to the VP are already on the list, maybe all we need to do is put the verb on the list in order to
handle nominalizations that serve as anaphora. We do not intend to handle VP anaphora.

In sections 7 and 8, we discussed how we need to extend this algorithm to handle complex
sentences

14.5 AF algorithm

PROC calculate the AF;

BEGIN

Stack the AF and PAFL;

IF the sentence has an agent

THEN AF = agent

ELSE retain AF;

PAFL = all NP's;

END

23Throughout this work, when we write that the CF is an NP, or the PFL contains an NP, we mean that the data
structure contains an element in the knowledge network which is is speci�ed by that NP.
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15 Appendix B

� Conjunctions: 4

{ Omitted conjunction: 1

{ \He taught directed, for almost 30 years : : :"

{ Inappropriate conjunction: 3
\Other thing that I don't like is some oral people talking with me without sign language
but I can only understand in body language with oral."
\my classmate is deaf and some of them can hear a few things."

� Prepositions: 66

{ Omitted preposition: 26
\My brother like to go Castle Mall."
\... the sign `ONE-DAY-PAST' is glossed such words..."

{ Inappropriate preposition: 27

{ \My dolls are hanging at my wall."

{ Extra Preposition: 13
\We help with each other with problems or anything."

� Determiners: 63

{ Omitted determiner: 35

{ \Then we ate in bus."

{ Inappropriate determiner: 9
\I will to build the sandcastle."24

{ Extra Determiner: 19
\A very little study was done..."

� Incorrect Number on Noun: 23
\... in several language."

� Incorrect Subject-Verb Agreement: 11
\My brother like to go..."

� Tense and Aspect: 70

{ Dropped tense: 5
\The women's dormitory was clean and smell good."

{ Incorrect passive formation
\...they were not permit to enter due to their clothes."
\Suppose it was someone in your family that getting killed."

{ Incorrect BE/HAVE/DO auxiliary pairing
\They were both English teachers and I do not heard from them since I left to college."
(\...have not...")

{ Verb subcategorization problems
\I really enjoyed to work at my father's o�ce."
\Third, Gallaudet will have more people interested to enroll Gallaudet University."

24Some examples are errors in the context in which they occurred, but the sentences appear correct in isolation.
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{ Problems related to use of \to"
\The boys drive car and to listen the music."

{ Extra, Incorrect or Omitted Modal : 2
\All persons guilty of drunk driving be sent to jail." (should be sent) \I have more
positive to do and handle myself." (\can handle")
\They should need to communicate more and meet more people to communicate each
other." (\They need")
\I might need more time to �nd right people or my reputation will become bad."
(\might" - inappropriate)

{ Other tense/aspect problems: 65
\I can go anywhere without clean my room..."

� Mixing up English words or phrases which share a single ASL sign: 12
\Third, living at home is bored and quiet."

{ Omitted BE: 9
\Once the situation changes they di�erent people."

{ Lack of BE/HAVE distinction: 7
\... some birth controls are side-e�ect."

� Other Omitted Main Verbs: 7
(Usually only with dummy subjects, if not be or have) \I enjoy with NTID student who is
Deaf person and NTID sta� and I like to talk with old NTID student because I like to hear
about NTID's History." (\talking" or \being")
\Better wait until I lived here more than one month." (\It would be better...")

� Incorrect WH-phrase: 4 \Now you can see what I compared these two of my teachers."
(Correction, from context: \... how I compared...")

� Adjective Problems: 13

{ Incorrect Adjective Choice: 3
\Especally, I do feel good to have here Because the food are the best than Gallaudet
College."

{ Incorrect Adjective Formation: 10
\it was very complicate to know where exactly is the bank."

� Incorrect Nominalization: 5
\I, myself, will call the drunk driver a murder if he hit and killed my folks."
\I have to learn alot of responisibles at NTID."

� Relative Clauses: 14

{ Relative pronoun deletion: 4
\Then we go to see President from 1960 to 1963 is John Kennedy." (\who was John
Kennedy.")

{ Resumptive pronoun: 1
\When I came to NTID for the �rst time, I met all my old friends that I didn't expected
them to come to same school."

{ Other: 9
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� Pronouns: 12

{ Incorrect pronoun choice (including pleonastic): 7
\The students should have them..."
(\them" refers to \birth control.")

{ Inappropriate pronoun use (where full de�nite descriptions are required): 4
\Fraternities and Sororities will see each other again like an old time. If Gallaudet should
not allow Greek organization to continue, they will not cooperate each other since they
do not know each other very well."

{ Lack of pronoun use (overuse of de�nite descriptions): 1
\My father hired me to run for my dad."
\An airplane is better than driving a car. An airplane is very safe to go on a trip than
driving a car. An airplane is faster than a car. An airplane can takes more people on
the plane than less people in a car. A car is cheaper to go anywhere, but an airplane is
more expensive to 
y. The people can see many things happening in a car than 
ying
on an airplane to see a plain sky."

� Pleonastic Pronoun Deletion: 10

{ Object: 5 \I loved here at Rochester Institute of technology because it was very
beautiful place..."

{ Subject: 5 \Better wait until I lived here more than one month."25

\The people are very friendly and interesting to get to know then who are from all over
the U.S."

� Focus/Discourse Structuring
Problems: 49

{ Omission of focused element (subject: 4; object: 4): 8
\I hope I could �nd some ways to solve ."

{ Problems carrying over general/speci�c description strategies: 5
\Fraternities and Sororities here at XYZ DO provide social life. Some examples: parties;
gettogethers; workplaces; IM; and sports."

{ Structuring problems with \because": 8
\Only one thing that I don't like NTID because of student always bothering me while
I'm at dorm."

{ Ambiguous modi�er attachment: 1
\There are many things I like about NTID. They o�er supporting services like interpriters
and notetakers for mainstream classes which I had experiences through my public schools.
Now NTID/RIT o�ers same thing that my school o�ered but only better supporting
services."
(Ambiguous as to what student had experience with.)

{ Other (possibly related to carry-over of topic-comment strategies): 27

� Redundancy Problems: 2

\I still feel thankful for coming to NTID instead of Gallaudet the main reason why I stay
here, is the warm feeling everyone have toward the others."

25Often more than one correction is possible. For example, here the correction could be \It is better to wait until
...." or \I had better wait...."
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� Not Enough Sentence Breaks: 6

� Other:104 (23% of errors in database)
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