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Abstract

For researchers in disambiguation,
generation and trandation, the machine
treatment of idioms and collocations
has always been a challenge. However,
in a study of the process of content
condensation in  abstracting, the
problem was found not to be as serious,
at least for one particular type of
collocation. In the most explored of
approaches in automatic
summarization, sentences are extracted
to congtitute a summary. To improve on
the summary, non-salient words should
be deleted. But, what just are these non-
salient words? In this paper, we studied
one particular type of collocation in the
context of abstracting by an author in a
scientific domain. Our study found that
for verba complexes such as cause
decreases and give shape to, the verb is
more often than not deleted and the
noun following it denominalised and
used as substitute for the whole
complex. As support verbs are
semantically empty, this operation does
not bring about any change in meaning.
The observation is an important finding
for automatic summarization. The
contexts where support verbs are found
are determinable. Support verbs may
then included as one of several items on
a checklist of linguistic units for
condensation.

1 I ntroduction and Motivation

Since Luhn's (1958) first work, research on
automatic summarisation has mainly focussed

on the extraction of sentences to constitute a
summary (see Edmundson, 1969; Rush et al.,
1971; Mathis et al., 1973; Ono et al., 1994,
Kupiec et al., 1995; Brandow et al., 1995;
Marcu, 1997, Barzilay & Elhadad, 1997).
However, to advance summarisation from
sentence selection into sentence condensation,
some researchers have in the last 2-3 years
begun to identify the linguistic processes
involved in content condensation (see Jing &
McKeown, 2000; Saggion, 2000; Chuah, 2001).
While we know what some of the processes are,
we are dtill unable to reformulate selected
content properly. The task of summary writing
isacomplex one.

In her work, Chuah (2001) identified some
linguistic units which are frequently deleted by
an author during abstracting®.  Unlike
subgtitution and aggregation, the process of
deletion is less problematic to implement.
However, the problem lies in knowing which
linguistic units to delete, the context of their
deletion and how to recognise them. In this
paper, we extend on Chuah’'s work with an
empirical study on one of these units, namely
collocations involving support verbs.

1.1 Collocation with Support Verb

In language, some words co-occur only with
certain words. In English, give co-occurs with
shape, or form to produce the collocations of
give shape to and give form to respectively.
While the category of words which may
combine with give to produce such a collocation

1 In the context of this paper, the term abstracting is
used synonymously and interchangeably with
summarisation. Abstracts are for us summaries of a
special type found in scientific documents.



is not quite as restricted as in idioms, not any
word can combine with give either. Give does
not collocate with contour: *give contour to,
even though al three words of shape, form and
contour are more or less synonymous (for a
discussion of collocations see McKeown &
Radev, 2000).

Consider the following possible context
where the verbal complex just mentioned might
be found. The sentence before the arrow was
taken from afull text, and that after, its abstract.
(0) Processes of mere exposure, Pavlovian

conditioning and social learning give shape,

to relationships between liking and other
determinants.

- Processes such as mere exposure,
Pavlovian conditioning and socid
learning shape, the relationships
between these factors, food liking and
eating behavior.

A machine treatment of such collocations
would raise problems in analysis: should shape
be analysed as the direct object of give? or
should relationships be the direct object of give
shape to?

Grefestette & Teufel (1995) who were
working on the automatic identification of
support verbs for nominalisation said that
support verbs which may be “used with a
nominalized predicate  structure  [are]
unpredictable”. We are unaware of any known
list of verbs which may function as support
verbs.

1.2 Motivation

To contribute to current work on condensation,
the aim of this study is threefold: (a) to
determine the significance of complexes with a
support verb in abdtracting, i.e. if such
complexes are frequently occurring; (b) to
determine empirically the list of collocations
involving support verb for natural language
processing, and (c) to investigate how author-
abstractors handle such collocations during
abstracting. The work reported in this paper is
preliminary.

In Section 2, we describe the study method.
Some statistics on the corpus are also provided.
In Section 3, we list the collocations with a
support verb that were implicated in abstracting
in our study. The paper ends with a discussion
and suggestions for future work.

2 Method

21 Corpus

Fifty-seven scientific articles from two journals,
Behavioral Ecology and Sociobiology, and
Oecologia (Springer-Verlag Publications) were
downloaded for the study. All documents were
accompanied by author-written abstracts. Some
statistics on the corpus are givenin Table 1.

Table 1. Statistics on corpus

full-text (ft) abstract(ab) | RF
Corpussize | 7938 sn; 534 sn; 15:1;

175,613 wd 11,975wd | 15:1
Size of 62—269 sn; 5-21 sn, 7:1-31.1;
article 1,552-6,333wd | 109-415wd | 7:1-31:1
Av.sizeof |139sn; 9sn; 15:1;
article 3,081 wd 210 wd 15:1
Range of sn | 4-129 wd 7-80 wd
length

sn = sentence; wd = word; Av. sn length = 22 wds;
Reduction factor, RF = No. ft-sn (or wd): No. ab-sn
(or wd).

2.2 ldentification of selected sentences

Without direct access to how an author
abstracts, we have no recourse but to an indirect
method. On the basis of verbatim matches,
similarity in stem and in meaning, a manual
search was made for sentences from full text
most likely to have been used in abstracting by
an author.

Full text sentences that most resemble given
sentences from the accompanying abstract were
assumed to have been used in abstracting by the
author. A search was then made for collocations
involving a support verb in the sentences from
both a full text and its abstract. Next, by
comparing the selected sentence from full text
with its corresponding sentence from abstract,
we were able to determine how such alinguistic
unit was handled by an author during
abstracting.

3 Results

3.1 SUPPORT_VERB+ Nx — Vy

Of the eleven examples of collocations with a
support verb (supPORT_VERB) found, nine had
the support verb deleted during abstracting, and
the noun (N,) denominalised to a verb (v,)




which then substitutes for the whole verbal
complex (see examples (1) to (9)).
To summarise this observation, we write:
SUPPORT_VERB + N, — V, (A)

The common subscript indicates that the noun
and the verb share the same stem.

(1) The observation that fluctuations of CO,
concentration around a plant lead to a
pronounced reduction of oviposition
indicatesthat ...

- On host plants exposed to rapid
fluctuations in CO, concentration, the
frequency of oviposition was reduced
by a factor of 3.2 compared to the
control.

[0ec2-97110539]2

(2) The complex leaf litter habitat of S. ocreata
may create an important physica
constraint on the effectiveness of
vibrationa signaling; ...

- Vvibratory communication is constr ained
by the complex leaf litter habitat of
some populations.

[bes1-9638017]

(3) Smple movement, ... may be acquired
through a gradual associative |earning
process, ...

- These patterns may be innate, or they
may be learned through the bees' early
foraging experience.

[bes2-9639293]

(4) These results provide strong collective
support for the basic tenet of the model,
that genetic variation in worker task choice
influencestask flexibility.

— Our data support previous findings that
genotypic variation plays an important
rolein task regulation.

[bes2-9946171]

(5) Surprisingly, however, sensory organs that
ar e specialised to the detection of CO, find
their strongest expression in the amost
exclusively herbivorous Lepidoptera.

2 The code indicates the source document from which
the sentences were taken.

— Sensory organs that detect CO, are
common in herbivorous moths and
butterflies, but their function has been
unclear until now.

[oec2- 97110539]

For about half of the examples involving a
support verb in our study, deletion was further
followed by substitution with a lexically related
word such as its troponym3 or hypernym* (see
examples (6) to (9)). We propose the process to
have occurred in two steps (see equation A’),
and the two verbs, v _and v, to be held by some
lexical relation, R: R(v,) = V..

SUPPORT_VERB+N_ - V, - V, (A”)

(6) The presence of fish caused decreases in
both mating frequency and mating duration,
- The presence of fish reduced both the
number of matings per pool (mating
frequency), and mean mating durations.
[0ec2-97117258]
Troponym(decrease,) = reduce, (WN)

(7) results in _a decrease in photosynthetic
surface of ...
- reducetheleaf areaby ...
[0ec2-97112209]
Troponym(decrease,) = reduce, (WN)

(8) Cannibalism can also have an impact on
the size structure of populations.

- Cannibaistic tendencies are well known
in spiders and may be a significant
factor influencing population size.

[bes1-9945349]

Troponym(impact,) = influence, (WN)

(9) Severd resultsin this study arguein favour
of the hypothesis of host heterogeneity.
- Our results confirm this host
heterogeneity.

[0ec2-98114382]
Hypernym(favour,) = permit, (WN)
Hypernym(confirm,) = permit, (WN)

3 A verb expressing a specific manner elaboraton of
anoher verb. X isatroponym of Y if to X isto Y in
some manner (from WordNet v. 1.6)

4 The generic term used to designate a whole class of
specific instances. Y is a hypernym of X if X isa
(kind of) Y (from WordNet v. 1.6).



3.2 Vyx - SUPPORT_VERB + Ny

For two examples in our study, the process was
the converse of the condensation process just
described:

V, — SUPPORT_VERB + N, (B)

The single smple verb v, (e.g. demonstrates)
was replaced by a SUPPORT_VERB+NOUN
complex (i.e. represents the demonstration of).
The noun N, (i.e. demonstration) is a
nominalized form of the origina verb v, (i.e.
demonstrates) (see examples (10) and (11)).

(10) This study demonstrates that a geographic
structure of host plant specificity can occur
in a polyphagous grasshopper.

- This sudy represents the first
demonstration of a geographic
structure of host plant specificity in a
polyphagous grasshopper.

[0ec2-99120437]

(11) C. lineolata ants prefer A. flavokansiensis
eggs enclosed with excrement from females
that feed on bundleflower more than eggs
enclosed with excrement from females that
feed on other hosts.

- C. lineolata exhibited a strong
preference for eggs from femae A.
flavokansiensis that fed exclusively on
bundleflower compared to eggs from
females that fed exclusively on honey
locust.

[0ec1-98115434]

4 Discussion

4.1 How support verbsare handled
during abstracting

In her study, Chuah (2001:119-141) identified
some linguistic units that were commonly
deleted. The degree of deletion for any given
unit was observed to be dependent on the unit in
consideration.

For example, while connectives are almost
aways deleted, the modifier significant was
retained 2-3 times more often than it was deleted
(ibid.:133). Illocution markers®, e.g. We found

5 which “make explicit [the] speech or discourse act

that, also exhibited a strong tendency to be
deleted. Adverbials, lexica unit both,
guantifiers, determiners, and hypernyms, on the
other hand, exhibited equal tendencies for
insertion as well as deletion.

In  our study, SUPPORT_VERB+NOUN
complexes were about four times more likely to
be rendered concise than to be rendered “wordy”
by an author himself during abstracting (see
section 3). This observation is consistent with
abstracting, where we want to rid a text of non-
salient words.

Note that in such collocates, the meaning is
essentially unaffected even after the verb is
deleted, and the deverbalised noun used as
replacement for the whole collocate. This
observation may be attributed to the fact that
support verbs are semantically empty.

Because the deletion of support verbs does
not bring about significant changes in meaning,
we propose that support verbs be dedeted
without exception during summarisation. In this
way, a collocation, and hence, the text in which
itisfound, is condensed.

For about half of the examples, the substitute
verb does not share stem with the object of the
support verb, but is a word that is in some
lexical relation with it, often its troponym.
Consider the verb reduced and the noun
decreases in example (6), where reduce, is a
troponym of decrease,.

While we are unable to say for sure why
substitution was carried out, we propose that the
process be effected only if the word has been
used in the same or previous sentence to avoid
repetition.

If natura language processors have access to
alist of such collocates with support verbs, the
problem of incorrect object attachment may be
circumvented by pretreating this specid
construct.

While we consider the observation to be the
result of two processes, i.e. deletion followed by
subgtitution, both processes may equally be seen
as a single process of substitution of a complex
with asingle simple verb.

4.2 Empirical list

While our study did not turn up many examples,
and we are unable to make any definitive
statement about the semantics of the verbs

[being] perform[ed]
Kopple's (1985:83-85).

at certain points’ (Vande



involved, the verbs appear to concern the
interpretation of observations made by the
author e.g. lead to a reduction, argue in favour
of, and do not seem to be domain-restricted.
The empirical list of verbal complexes
involving support verbs are as follows.
lead to areduction - reduce
cause a decrease - reduce
resultin adecrease - reduce
provide support for - support
represents a demonstration of — demonstrate
acquire through learning — learn
argueinfavour of - confirm
haveanimpacton - influence
exhibited a preference for — prefer
createaconstrain - constrain
specialised to the detection of — detect

While the support verb that may be used with
anominaized form is unpredictable (Grefestette
& Teufel, 1995), the local context where a
support verb may occur is determinable.

From the list of examples obtained from our
study, we arrived a seven patterns where
support verbs may be found (see Table 2). The
patterns are given in terms of grammatical
categories. These contextual formats where a
support verb may occur is determinable, and we
believe the set of patterns to be finite. From our
study, the most common pattern is that of v +
ART + N + PREP.

Table 2. Formats of support verb complexes
FORMAT' FREQUENCY
V +ART +N

V + ART + N + PREP

V + PREP + ART + N

V + PREP + ART + N + PREP
V + PREP+ N

V + PREP + N + PREP

V + N + PREP

v = verb; ART =article; N = noun; PREP = preposition

PRk w(n

The identification of such a list of patterns
containing a support verb isimportant especially
at this time when we are unable to produce
proper summaries. It helps to be able to
condense small bits of linguistic units to
improve on the quality of extracted summaries.
Also, the examples themselves provide the
context where a support verb may be found, and
the support verb to be del eted.

4.3 Futurework

In our study, the determination of sentences in
full text that were used in abstracting was
manually carried out (see sub-section 2.2).
Because of the tedium of the task, it was
difficult to increase the corpus size.

For a comprehensive study with larger and
different corpora, we propose that the task be
automated, even if in a semi-automatic way.
Once sentences implicated in abstracting are
identified, we propose having another program
to detect verbal complexes with a support verb
using the patternsin Table 2.

With this, future work may be carried out on
other corpus types to determine if such
collocations are as consistently and similarly
reduced, besides adding to our modest list of
examples of such verbal complexes.
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