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Abstract

Corpus analysis of 54 naturally occurring introductions of Physics papers led to a detailed schematic structure comprising
eight components that are realized linguistically through 30 rhetorical strategies. A strategy is made up of two or three
rhetorical messages out of a set of 45 messages. Such a detailed analysis was required for employing the case-based
reasoning approach in developing writing tools aimed at assisting non-native English users. The introductions and related
rhetorical structures formed the case base, with cases being easily retrieved and adapted through revision rules.

1. Introduction

The reuse of linguistic material, acquired manually or using semi-automatic tools in a corpus, has been
employed in various types of systems. These include report generators [Kukich-83, Smadja-91,
Buchanan-92); case-based letter generators [Pautler-94]; and hypertext-based support systems for
software documentation [Born-92]. For our purposes, linguistic material is to be reused for assisting
non-native English writers in preparing first drafts of scientific paper Introductions.

Models have already been presented for the schematic structure of experimental research paper
Introductory Sections, e.g. [Swales-90, Weissberg-90]. However, in order to apply case-based
reasoning (CBR) (see e.g. Mantaras-95) in the design of writing tools we had to perform a more refined
corpus analysis. This was needed because although the global structure of a text may possess a relatively
well-defined schema, as suggested by Swales and Weissberg, its more detailed structure can be
organized in different ways. Moreover, text reuse requires an indexing vocabulary sufficient to
discriminate among texts on the basis of the characteristics relevant to the purpose for which the text is
being retrieved. The corpus analysis provided this precise vocabulary to apply the CBR approach for the
task of drafting technical papers by non-native speakers.

This paper deals primarily with the corpus analysis on Introductions of on experimental research papers.
Emphasis is given on the acquisition phase used to launch out the case-based approach for supporting
the writing up. The methodology and the results of the analysis are presented in Section 2 and Section 3,
respectively. Section 4 illustrates briefly the representation of rhetorical structures in the form of cases
employed in the writing tool. This tool utilizes the case-based approach for modelling the various stages
of the writing process, i.e. planning, composing and revising (Section 5). The purpose is to improve the
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cohesion and coherence of the introduction draft. The paper concludes by identifying Linui.
areas for further research.

2. Corpus Analysis of Introductory Sections

Introductions were taken from two journals dedicated to Physics and Materials Science. Tln |
(33) papers were ramdonly selected from the 1992-1994 issues of Physical Review Letters (1'1-
twenty-one (21) papers were taken from a special issue of the 1992 edition of Thin Solid Filnr
with the only restriction that the papers be produced by English native speakers.

We had three objectives in mind in carrying out the corpus analysis: i) identify the different : -
information (rhetorical messages); ii) how these messages are realized linguistically; iii) what 1.
cohesive devices are used for grouping messages into a cohesive passage. The analysis was cui .
manually in each of the 54 Introductions, consisting of three steps: a) pre-processing, wi.
Introduction text was subdivided into sentences which were numbered; b) identification of the 1. .
messages within the clauses and sentences, with the non-factual linguistic material being highl.
be reused; c) identification of patterns of rhetorical organization for linking the rhetorical
messages. The patterns for building paragraphs were identified by recognizing mainly the «\:.
features such as adjectives and adverbs for signaling temporal relations, logical connectors, et 1
patterns led to the rhetorical strategies that were named according to the component in whi!
appeared.

3. Results from the Analysis

We observed eight components which overall corroborate the Swales and Weissberg models: :r
(S), review of the literature (RL), gap (G), purpese (P), methodology (M), main results (R), value «
research (V) and layout of the paper (L). Our model is more precise than those of Swales and Wer.-
since the components are subcategorized in formalized rhetorical strategies. Figure 1 illustrate: :
results in the form of a schematic structure for Introductions in Experimental Physics. The ondr

C1: Setting
S1 Introducing the research topic from the research area
S2 Familiarizing terms, objects, or processes
S3 Arguing about the topic prominence
C2: Review
S1 Historical review
S2 Current trends
S3 General to particular ordering for citations
S4 Progress in the area
S5 Requirements for the progress in the area
56 State of the art
S7 Compounding review of the literature and their gaps
S8 Citations grouped by approaches
C3: Types of Gap
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31 Unresolved conflict or problem among previous studies
S2 Restrictions in previous works
53 Raising questions
C4: Purpose
S1 Indicating the main purpose
S1A Solving a conflict among authors
S1B Presenting a novel approach, or methodology, or technique
S1C Presenting an improvement in a research topic
S1D Presenting an extension of a previous author’s work
S1E Proposing an alternative approach
S1F Presenting a comparative work
S2 Specifying the purpose
S3 Introducing more purposes
C5: Methodology
S1 Listing criteria or conditions
S2 Describing materials and methods
S3 Justifying choices for methods and materials
C6: Main Results
S1 Presenting/Indicating results
S2 Commenting on the results
C7: Value of the Research
S1 Stating the value of the work
C8: Layout of the article
S1A Outlining the parts of the article
S1B Listing issues to be addressed

Figure 1: Main Components, C, and Strategies, S, comprising the detailed schematic structure of an
Introduction. The strategies are numbered in each component; those with letters following the number
indicate mutual exclusion.

The introductions analysed were short and therefore the components value (V), methodology (M) and
layout (L} were usually absent. There were 37 different combinations of the components out of the 54
cases. Rather than demonstrating lack of conventionalization, this result shows that the number of
introductions analysed is too small for repetition of such a detailed structure to occur. Indeed, when the
case-based approach was employed using the corpus it was clear that the case base should be enlarged.

Approximately 80% of the introductions have the following form: {S RL G P R}, with 24 out of the 54
introductions being sublists of this form. There are other 19 cases which either include V, M or S in the
order indicated in Figure 1 or that differs from the canonical form by the repetition of components (for
instance, appearance of a specific RL after G). The remaining 11 introductions bring specificities of their
own. Important among these are the introductions starting with the purpose (P), in which the authors
put great emphasis on a partjcular goal of their research that should be readily recognized by readers as
being very important. Only one introduction presented a very complex structure [RLPR MR RL G R
S] which is characteristic of longer introductions.

There are several possible rhetorical strategies for building paragraphs or text passages in scientific
writing. For introductions, the most employed ones include the chronological organization of topics,
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analysis of cause-effect, contrasts, lists, topic organization from general to specific, illustratiof
[Trimble-85, Turk-89, Huckin-91]. Thirty (30) rhetorical strategies® were identified; each of 1
linguistically realized employing two or three rhetorical messages. Some of the strategies pil
common characteristics and could be generalized. But they receive distinct names for helping the 3
the gathering of features as they appear in different components. |

Forty-five (45) types of rhetorical message were identified. The linguistic material of each sente
could be reused (non-factual information) for the writing of other texts was highlighted. Some seon -
were obviously discarded as they conveyed too specific a statement and/or generally lacked rhetd
markers (or cohesive devices) which made them too dependent on the context.

4. An Example of a Rhetorical Strategy and Related Messages

The following strategy’ from the Setting component is one of the most used strategies in our cory
starting the Introduction.

Arguing about the topic prominence:
Claiming about topic prominence
Familiarization*

Support+

An example can be seen in Figure 2 where “Claiming about topic prominence” is instantiated wil
great deal of interest has recently been stimulated by the use of organic materials in electrolumine
(EL) devices [1].” The strategy “Claiming about topic prominence” is defined as: '

(Claim relevance/ Claim currently active! Claim well-established).
The introduction presented in Figure 2 utilizes the “Claim currently active” message for the “Claif

about topic prominence strategy” as it makes use of a time adverb — “recently” — indicating]
research is currently active. ;

SETTING:ARGUING ABOUT THE TOPIC PROMINENCE

1) A great deal of interest has recently been stimulated by the use of organic
materials in electroluminescent (EL) devices [1].

2) Organic molecules can be engineered to possess specific functional properties,
offering the possibility of obtaining intense flucrescence which can be tuned to

a particular wavelength.

GAP:RESTRICTIONS IN PREVIOUS APPROACHES

3) However, the fabrication of EL devices with bright blue emission has proved
difficult owing to the bathochromic shifts in emission wavelength which often

occur between solution and film spectra.

? They were based on works by [Bramki-84, McKeown-85, Trimble-85, Maybury-91, Flowerdew-92, Shaw-92].
* The notation [x] indicates that strategy (or message) “x” is opticnal (it is not being used in this example), x* indicg
occurrence of “x” zero or more times, x+ indicates one or more occurences of “x™ and (x/y) indicates appearance of “x

“y". Strategies appearing in bold may be refined in other strategies or rhetorical messages. Rhetorical messages appes
italic.
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REVIEW:PROGRESS IN THE AREA

4) Much previous work has been directed towards vacuum deposited films and
significant progress has been made by incorporating charge transport layers into
multilayer EL cells [2, 3].

5) Since it provides precise control over film thickness and a high level of
molecular ordering within each layer, the Langmuir-Blodgett (LB) technique is
well suited to this application. i

6) Blue electroluminescence in 2 Langmuir film was first reported in 1980 using
anthracene as an emitter layer [4].

PURPOSE: PRESENTING A NOVEL APPROACH, METHODOLOGY, OR TECHNIQUE
7) In this research we will examine the use of novel materials to be used in blue
DC EL cells.

METHODOLOGY: INDICATING CRITERIA OR CONDITIONS

8) A number of criteria must be satisfied in order to produce suitable materials.
9) The molecules must possess the necessary delocalised electronic structures to
yield strong fluorescence in the blue region of the spectrum.

10) They must form high quality defect-free films which do not contain large
crystallites, so often these result in large shifts in the emission wavelength,

or even complete quenching of the fluorescence.

11) Idealiy, they should be amphiphilic to be compatible with the LB technique.
RESULTS: PRESENTING/INDICATING RESULTS

12) In this paper we will briefly discuss the preliminary results obtained from

2 number of these materials.

(Hudson, et al. A novel range of potentially electroluminescent materials for
Langmuir-Blodgett deposition. Thin Solid Films, 210/211 (1992) 571-573).

Figure 2: One of the introductions of the Case Base. Some fragments are underlined which correspond
to the reusable parts of the text.

S. The Application

The detailed schematic structure, the notation used in defining the rhetorical strategies, and the 54
rhetorical structures of the introduction corpus were used in a case-based system for assisting non-native
English speakers to write scientific texts. These knowledge sources were framed up in the stages of the
writing process: planning, composing and revising [Hayes-80]. Accordingly, the user follows a three-
step procedure: i) gathering of features, in which the user selects from several menus the features
intended for his/her introduction; i) selection of the best-match case, following the case recovery by the
system,; 1ii} revision on the selected case.

For recovering cases, three ways of pattern matching between requisition and cases are used: perfect
match (equal lists), proper undermatch (sublist) and non-proper undermatch (intersection). The tool
selects cases to be returned to the user by employing these three metrics, which are basically related to
the degree of certainty on the part of the user about the order of the components and strategies: “sure
about the order”, “some doubts”, “many doubts”, The base contains the 54 introductions analysed, each
introduction plus its rhetorical structure consisting in a case (see Figure 2 illustrating one of the cases.).
For revision, four operations were envisaged: i) changes in the lexical and syntactic material of the




Procesamiento del Lenguaje Natural, Revista n® 19, Septiembre de 1996

messages; i1) changes applied to the selected strategies recovering similar ones; iii) addition of m§
to a specific strategy; iv) deletion of messages, the opposite operation to iii). The operations i)}l
v) derived directly from the notation for rhetorical strategies in Section 4: a message may}
alternative to another message, may occur one or more times, zero or more times, and may be o
The use of similarity metrics employed for recovering cases (whole Introductions) can also be 7
recovering strategies and ultimately messages from the phrasal lexicon, even if they belong to dif
cases. Operation i) was designed for lending paraphrasing power to the tool and is realized by ag

the perfect match rule to the entries in the phrasa! lexicon. The details of computational imp}
are published in [Aluisio-95].

6. Further Work

The corpus analysis provided linguistic material for the two knowledge sources: the case base i
revision rules by which a case can be adapted for the user own needs. The prototype demonstrati
feasibility of the case-based reasoning approach for developing software tools aimed at assisting |
native English users, with cases being easily retrieved and interactively adapted. One of the

limitations of the tool is that the case base must be considerably extended before meaningful 1o
precision and recall can be performed. Nevertheless, this seed work may also be extended in w
ways for users of other areas of research and for other sections of a paper, especially with the help;

semi-automatic tool based on pattern matching which is being used for enlarging the case base
phrasal lexicon.
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