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Abstract 
In this paper, we will discuss the question of 
counting anaphoric expressions of terms as term 
occurrences, and conduct experiments to find out 
whether counting them will significantly increase 
the frequency (thus other statistical measures) of 
terms in scientific texts (which will lead to the 
improvement of the performance of an automatic 
term extraction system). Anaphoric expressions 
will be resolved by a human, and by an ad hoc 
automatic system. The results show that, when 
resolved by humans, the frequency of terms are 
improved, but when an ad hoc automatic system, 
specialised to resolve anaphoric expressions of 
terms, is employed, the results is not very high. 
The conclusion is that while anaphora resolution is 
needed for automatic term extraction, a lot of work 
still has to be done. 
 

1 Introduction 
 

Statistical measures are the first features taken into 
account when one wants to design an automatic term 
extraction system. This is quite reasonable, because in 
a scientific text, terms1, their descriptions, and their 
relations are the main points to be discussed, and thus, 
a statistics-based automatic term extraction system2 
should be very successful. But in reality, this is not the 
case. Researchers have soon found out that statistics 

                                                 
1 In this paper, we do not intend to discuss what is a “term”. 
We consider “terms” as linguistic labels of domain-specific 
concepts. 
2 We do not discuss any specific application of automatic 
term extraction. “Automatic term extraction system” in this 
paper is a general ones. 

alone do not yield a very high success rate. Why is 
that? What makes statistical measures not very good 
features? What are discussed more frequently than 
terms in a scientific text? Or, do we count them 
incorrectly? Until recently, counting terms only 
involves counting the exact appearance of the term in 
the context, not their variations. In fact, approaches 
also counting term variations have just been 
introduced (Jacquemin 1999). The considered 
variations are usually context-free, and can be 
described by (context-independent) rules. Another 
phenomenon, the use of anaphoric expressions of 
terms, is not very well covered3, although this 
phenomenon seems to be very common in scientific 
texts. Although their realisations are different from 
terms, they refer to the same concept as their 
antecedent, and if we accept the definition of terms as 
linguistic labels of concepts, perhaps we should 
consider this phenomenon as term variations. This also 
suggests that we should count them to make our 
frequency lists more accurate (note that frequency is 
the basis of all statistical measures). In line with this 
suggestion, in this paper, we will discuss anaphoric 
expressions of terms: what they are, how they appear 
in texts. And then we will assess the effect of counting 
them on the frequency list, to see whether or not it 
improves term frequency (and thus the performance of 

                                                 
3 In fact, (Bonzi and Liddy, 1989) had conducted an 
experiment to discover whether or not anaphora resolution 
will affect document descriptions in information retrieval. 
In that experiment, the corpus used contains scientific 
abstracts (in our opinion, is different from full scientific 
texts), and the focus of the experiment is documents, not 
terms. 



a statistics-based term extraction system). In order to 
get both the theoretical and practical level of 
improvement, the anaphoric expression of terms will 
be resolved by a human and then by an ad hoc 
automatic resolving system, specially designed for the 
experiment. 

 
2 To count or not to count? 
 
The use of anaphoric expressions in scientific texts is 
quite common, it makes the texts shorter, more 
readable without losing any meaning, or causing any 
ambiguity. Various types of anaphoric expressions 
have been used in scientific texts such as nominal 
anaphora, verb and adverb anaphora (has this been 
found?), zero anaphora, and discourse topic anaphora 
(Evans 2001), as one can expect. In this paper, only 
anaphoric expressions that may refer to terms will be 
discussed. 

Let us examine an example where different types 
of anaphoric expressions of terms are used in a text: 

An electromagnetic wave can be defined in terms of 
the frequency of its oscillation, designated by the 
Greek letter nu (v). The wave moves in a straight 
line with a constant  speed (designated as c if it is 
moving through a vacuum); the distance between  
successive 'peaks' of the wave is the wavelength of 
the wave and is equal to its speed divided by its 
frequency. 

The lexical noun-phrase anaphor “the wave”, the 
anaphoric pronoun “it”, and the possessive pronoun 
“its” are used interchangeably for the term 
“electromagnetic wave”. This example shows that, in 
a scientific text, various kinds of anaphoric 
expressions point to terms.  

The anaphoric expression of terms can also be 
considered as a kind of term variation, because they 
refer to the same concept as their antecedent, but in a 
more complicated, context-dependent way. For 
example, “the wave” in different contexts can 
represent different concepts. Unlike other term 
variation types, which are well addressed, this kind of 
variation is often overlooked, perhaps because of its 
complicated, context-dependent nature. 

The use of anaphoric expressions of terms raises 
the question of whether we count them as occurrences 
of terms. While discussion of other kinds of term 
variants shows that counting term variants can 
improve the performance of automatic term extraction 
system, anaphors of terms are rarely counted. The 
reason maybe because we are unable to count them as 
precisely as we count terms, due to the limitations of 

automatic anaphora resolution techniques, rather than 
the issue of whether or not we should count them. As 
shown in the above example, where “the wave”, “it”, 
and “its” are used for the concept of “electromagnetic 
wave”, the author actually mentions the concept of 
“electromagnetic wave” eight times, but only uses the 
full form of the term, “electromagnetic wave”, once. 
How will we determine the frequency of 
“electromagnetic wave”, one or eight, in this case? In 
our opinion, lexically, it is one, but conceptually eight. 
Up to now, term extraction approaches only count its 
frequency of occurrence as one. And the question we 
try to answer in this paper is what will happen when 
we can count it as eight. Although counting them may 
not help us learn more about the generally used 
“linguistic label” of a concept, because anaphoric 
expressions are very context-dependent, it may help us 
count the frequency with which a concept is 
mentioned in a text more accurately, allowing for the 
identification of key concepts in a scientific text in a 
more reliable manner. 

One can raise the issue that, in our example, the 
antecedent for the anaphor is rather clear, and the 
consequence of attempting to resolve anaphors in 
other cases, where the antecedent is not clear enough 
is not known, as in the following paragraph: 

In the late 1980s, a different arrangement of the 
molecules in their layer plane was discovered. The 
phase is known as the antiferroelectric liquid 
crystal (AFLC) phase. This phase occurs in some 
materials at a temperature below the FLC phase.  

In this paragraph, what is the antecedent of “the 
phase”, is it “different arrangement of the molecules in 
their layer plane”, or is it a cataphor of 
“antiferroelectric liquid crystal (AFLC) phase”, and 
how should we count it? The number of questions that 
arise from a supposedly simple case like this show that 
the problem of whether or not we should count term 
anaphora is not as simple to resolve as may we think 
from the first example. (Note that the second example 
is still a very simple one). 

Even in the case of unambiguous antecedents 
(from the human point of view, of courses) as in the 
first example, another question is still to be answered: 
is it worth the effort to resolve anaphors 
automatically? In other words, are current anaphora 
resolution techniques good enough, or how good do 
they have to be in order to really improve the 
performance of an automatic term extraction system. 
Studies of anaphoric expressions in scientific 
abstracts, such the one by Orasan (2002), cast a doubt 



on the effect of resolving anaphora in automatic 
abstracting, will we face the same dilemma here? 

Whether or not term anaphora is counted already 
raises a number of theoretical questions, but actually, 
how to count them is even more problematic, as we 
can see in the next section.  

 
3 Analysing anaphoric expressions in 

scientific texts 
 
As noted from previous research, it is almost 
impossible for anyone to analyse every kind of 
anaphoric expression in a text, where any expression 
can be an anaphoric one. We must decide what to look 
for, in terms either of a human or an automatic system, 
which are best suited to our purpose, that is counting 
the number of occurrences of important concepts in a 
text. After preliminary analysis of the corpus, we 
decided to take into account the following anaphoric 
expressions. 

Definite noun phrases are very likely to be an 
anaphoric expression of a term, thus will be analysed. 

Pronouns like “it”, “they”, “them” will be 
examined as these may potentially refer to terms. 

Possessive pronouns: as we are interested in 
terms, human possessive pronouns (hers, his, mine, 
yours) will not be marked. Other types will be 
considered, but as we can see from the analysis, in 
scientific texts possessive pronouns are relatively rare.  

Whether or not to analyse relative pronouns is 
another theoretical question. Consider the example:  

Thermodynamic temperature is the fundamental 
temperature; its unit is the kelvin which is defined 
as the fraction 1/273. 

Shall we count “the kelvin” once or twice? There 
are arguments for and against this. For example, we 
can change the sentence into another totally equivalent 
sentence:  

Thermodynamic temperature is the fundamental 
temperature; its unit is the kelvin defined as the 
fraction 1/273 

and say that there is no need to count it twice. Or 
using another less equivalent paragraph:  

Thermodynamic temperature is the fundamental 
temperature; its unit is the kelvin. The kelvin is 
defined as the fraction 1/273. 

to argue that we should count it twice. This problem is 
very difficult, and in the end we decided that we will 
analyse them.  

Other kinds of potential anaphoric expressions are 
less relevant to the main aim of the research, so they 
will not be analysed. 

So far, we discuss what should be analysed by 
humans, but now we consider the use of machines. 
Bear in mind that our ultimate aim is automatic term 
extraction, and at this stage of natural language 
processing technology, we should not pay too much 
attention to anaphoric expressions that are very 
difficult to resolve (such as zero pronouns), and 
concentrate on anaphors that are easy to detect, and 
hopefully, resolve, by automatic techniques. 

When anaphoric expressions are analysed by 
humans, it may be helpful that we also note the 
relation between them and their antecedents in the 
case of definite noun phrase anaphoric expressions, 
because this information might help, in the future to 
design a system that resolves anaphora especially for 
term extraction. We decided to analyse the following 
relationship: 1) same head (As a result, the ion beam 
can be "tuned" to the required light quanta energy by 
simply varying the beam velocity.); 2) “of the” , either 
explicitly or implicitly (Temperature is a measure of 
the energy of thermal motion and, at a temperature of 
zero, the energy reaches a minimum quantum 
mechanically, the zero-point motion remains at 0 K; 
For AFLCs the pitch is the distance for the director to 
precess 180 degrees instead of 360 degrees as for 
FLCs.) (In the second example, the pitch and the 
director are the pitch and director of AFLCs); and 3) 
alternation (either synonym or hypernym) (In 1783, 
working with the mathematician Laplace, and a 
guinea pig in a mask, he checked out quantitatively 
that the animal used breathed-in oxygen to form what 
we now term carbon dioxide). 

 
4 Resolving anaphoric expressions 

manually and the effect of counting 
them 

4.1 Resolving anaphoric expressions 
manually 

Our corpus is a small sample of scientific texts, from 
different sources, in the domain of physical chemistry, 
containing about 30000 words. As discussed in the 
previous section, it is very difficult and time-
consuming to analyse anaphoric expressions, and the 
domain-specific nature only makes the problem worse. 
The analysers should have certain knowledge of the 
field, and also a brief understanding of anaphora as a 
linguistic concept, to help them annotate the texts 
more quickly. 



 
 it its they their them 

frequency 100 55 62  44 17 
#antecedents 
which are terms 

85 48 37 38 9 

Table 1: pronouns and their antecedent frequency 
 

The statistics suggest that resolving the anaphoric 
expressions “it”, “its” and “their” may really help 
automatic term extraction systems, because a large 
percentage of their antecedents are terms. It also 
suggests that resolving “they” and “them” may not be 
very useful. These observations can be explained, that 
“they” and “them” are used for both humans and 
concepts, whereas “their” and “its” are usually used to 
describe the properties of the concepts (terms) 
discussed.   

The analysis of the use of the relative pronoun 
“which” leads to a typically difficult situation. On one 
hand, the which-clauses often contain valuable 
information for terminology processing, such as the 
properties of terms. But on the other hand, it seems to 
be very difficult to resolve the anaphor “which”, and 
only 53 out of 109 of their antecedents are terms. The 
number suggests that, with current natural language 
processing techniques, we should leave “which” alone. 

Of the 2195 definite noun phrases from the 
corpus, only 229 of them are considered as anaphoric 
expressions of noun phrases already mentioned in the 
texts. The relations between these anaphors and their 
antecedents are summarised in table 2. We analyse 
only three types of relations, which are “same head”, 
hypernym and “of the...”. 

 (of the ...) same head hypernyms total
kind of 
relation with 
antecedents 

98 118 13 229 

#antecedents 
which are 
terms 

9 94 9 117 

Table 2: relation between definite noun phrases and their 
antecedents. 

As we can see from the table, almost half of the 
anaphors have terms as their antecedents, which 
suggest that it may worth the effort to resolve these 
kinds of anaphor, where we have some cases which 
seem to be easy to resolve, such as in the case of the 
same head relation. Hypernym cases may also be 
useful, but may also produce some problems.  

The number of (this, that, these, those) noun 
phrases in the corpus is 237, of them only 44 refer to 
certain terms, and there are 20 cases where the relation 
is same head, the rest are somehow synonyms or 

hypernyms of their antecedents. These numbers 
suggests that anaphors beginning with (this, that, 
these, those) may be too much trouble to resolve. 

 
4.2 The effect of counting anaphors as term 

occurrences 
The previous subsection discusses various kinds of 
term anaphors we may find in scientific texts, and in 
this section, the effect of counting them is discussed. 
In other words, we will try to answer the question: 
how does counting term anaphors affect the frequency 
list of term candidates. 

As we can see in table 3 (which is a random 
sample of term frequency and frequency ranks before 
and after we count anaphoric expressions of those 
terms), if anaphors are one hundred percent 
successfully resolved (i.e. by human), the frequency of 
certain term candidates will change noticeably, thus 
helping to increase the performance of an automatic 
term extraction system, especially in the case of low 
frequency terms. The theoretical question of whether 
or not counting anaphoric expressions of terms will be 
useful for automatic term extraction may has been 
answered positively. The next section will discuss 
what will happen when anaphors are resolved using an 
automatic system. 
 

Term old 
count 

new 
count 

old fre 
rank 

new fre 
rank 

hydrochloric acid 1 11 776 67 
electron 43 51 8 7 
molecule 31 39 10 10 
electromagnetic 
wave 

1 8 776 100 

atom 70 77 2 2 
polymer 57 64 4 3 
water 72 78 1 1 
sulphuric acid 1 7 776 114 
electric field 10 15 60 35 
cell membrane 4 8 200 100 
normal mode cell 3 7 285 114 
dye 8 12 90 57 
black body 9 13 75 47 
nylon 3 7 200 100 
plastic 12 16 49 32 
liquid crystal 37 41 9 9 
photocurable 
monomer 

1 5 776 178 

ion beam 5 8 157 100 
lactic acid 1 4 776 222 
mercury 4 7 200 114 

Table 3: a random sample of the effect of counting 
anaphoric expressions of terms over term frequency. 



5 Resolving anaphoric expressions by 
automatic techniques 

 
As discussed in previous sections, popular kinds of 
anaphoric expressions for terms are “same head 
definite noun phrases”, “it”, “its”, and “their”, whereas 
resolving “they” and “them” may or may not help the 
process after all. 

In order to resolve definite noun phrases, we have 
developed an ad hoc simple resolution system, looking 
for neighbouring noun phrases with the same head as 
the anaphor. The successful rate for this base-line 
method is 67%. 

To resolve pronouns “it”, “its”, “they”, “them”, 
“their”, we use MARS (Mitkov et al, 2002), a robust 
pronoun resolution system originally designed for use 
in the domain of technical manuals. MARS works by 
examining all the noun phrases prior to the pronoun in 
the same paragraph as the pronoun and treating these 
as possible antecedents. Each potential antecedent is 
assigned a weight using salience tests to compute the 
likelihood that it is the antecedent of the given 
pronoun. The most highly weighted noun phrase is 
selected as the antecedent. Some adjustment of that 
system allowed it to work more effectively to resolve 
term anaphors in the current context.  

The overall success rate of MARS in this case was 
50%. This figure is quite understandable, because in 
scientific texts, there are a lot of situations where 
domain knowledge is required to resolve anaphors.  

The above results show that we cannot say that 
current successful rates of automatic techniques for 
anaphora resolution are high enough to significantly 
improve the performance of an automatic term 
extraction system. Either we have to give up the idea 
of resolving anaphora in automatic term extraction, or 
design a more effective resolution system specialised 
for scientific texts. 

 
it its they them their 
45% 46% 75% 25% 54% 

Table 4: performance of pronoun anaphora resolution on 
scientific texts. 

 
6 Conclusion 
 
Through the paper, we have shown that, if we can 
resolve anaphoric expressions in scientific texts 
reliably, the frequency list of term candidates can 
change noticeably in favour of technical terms, and as 
a result, the performance of an automatic term 

extraction system can be improved. The problem is 
that current techniques for automatically resolving 
anaphors do not have good enough performance to 
practically help automatic term extraction. We will 
have to choose between waiting for these techniques 
to mature, or to design another, which will resolve 
anaphora in scientific texts more robustly. We do not 
have that technique yet, but we have already 
discovered some of its properties, for example, it 
should resolve “same head” lexical noun phrase 
anaphora, and the anaphor “it” more accurately. This 
opens space for future research. 
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