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Abstract. Since sentences are the basic propositional units of text, knowing their
themes should help various tasks requiring the knowledge about the semantic
content of text. In this paper, we examine the notion of sentence theme and pro-
pose an automatic scheme where head-driven patterns are used for theme assign-
ment. We tested our scheme with sentences in encyclopedia articles and obtained
a promising result of 98.96% in F-score for training data and 88.57% for testing
data, which outperform the baseline.

1 Introduction

Words and phrases (terms) are the unit for many practical text-based information sys-
tems. For document retrieval, for example, the semantic content of text is often de-
termined by the existence or absence of terms in a text unit such as a document or
a paragraph. Even automatic summarization systems based on key sentence extraction
mostly rely on key terms or clue terms.

While a careful manipulation of terms with a statistical model would give rise to
a text-based system with relatively high performance, term mismatches often cause low
recall. As a way to alleviate the need to handle term mismatches, some researchers at-
tempted to deal with themes of documents [3–6]. In those approaches, however, the
notion of theme has been dealt with vaguely and assumed to be extractable based on
term frequency. Moreover, most of the past work on using themes was limited to deter-
mining the theme for a whole document.

Our interest in this work is on the theme of sentences, which can serve as the basis
for the theme of larger units of text in general and is crucial for question answering
and automatic summarization in particular. When a question answering system identi-
fies candidate sentences that are likely to contain an answer, for example, the decision
should be made based at a theme-level, rather than at a lexical level. The following
example from the TREC-9 QA test collection shows the case.

Q: What is the name of the inventor of Silly Putty? (TREC-9 Question 811)
A: Silly Putty was a war baby. A General Electric scientist in New Haven, Conn.,

stumbled upon its formula while trying to make synthetic rubber during World War
II.(In WSJ910222-0177)
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안코나-에서 태어-났-다. 로마대학교-에서 의학-을 배우-고,
Ancona-at bear-pst-dec. Rome University-in  medicine-obj.  study-and
동 대학 부속병원-의 정신병과조수-가 되-었-다. 
Same Univ.  hospital-of   psychiatrist-comp.   become-pst-dec
1898-년-부터 2-년-간 로마-의 국립 특수교육학교-에서 일한 다음
1898-year-from   2-years-for  Rome-of  Orthophrenic-school-in  work  after
로마대학교-에 재입학,     7-년-간 교육학-을 배-웠-다. 
Rome Uni.   Reentrance, 7-years-for  education-obj. learn-pst-dec.
1907-년 3~6-세-까지의 노동자 자녀들을 위한 유치원-을 열-어, 
1907-year  3~6-year-old   laborer children  for  kindergarten-obj. open-and,
이른바 몬테소리법(法)에 의한 교육을 실시하-였-다.
So-called   Montessori-method   by    education-obj.   do–pst-dec. 

Fig. 1. An example from an encyclopedia article

It is clear that the relationship between the word inventor in the query and the phrase
stumble upon in the candidate sentence plays the crucial role for a match to occur.
At a lexical level, however, the relationship can be shown only through a series of
categorical and morphological transformations:

Inventor[noun]→ invent[verb] → stumble upon

which requires a machine-readable dictionary or a lexical database like WordNet [2]
with a sophisticated handling of a syntactic category modification and morphological
variation.

A solution we propose to this problem is to match on themes by automatically deter-
mining the theme of a sentence. Once the theme of the query is known (e.g. invention),
sentences with the same or a related theme could be selected as candidates for answer
extraction. In this paper, we describe a new method for automatically assigning a theme
to individual sentences. Our work focuses on theme assignment for sentences based on
head-driven patterns, especially in encyclopedia articles.

2 Theme Assignment Based on Head-Driven Patterns

2.1 Overview

A theme is a generalization of the life or world that a discourse explains or entails [1, 7].
The generalization aspect of a theme makes the discourse represented in a higher level
abstraction. It can be done both at a surface level, replacing terms with other higher
level terms like hypernyms, and at a content level, considering the intention, goal, and
evaluation of the writer. In an expository text in which the main goal is to deliver facts,
however, only the surface generalization is necessary to express a theme [7] without
content-level generalization.

For instance, Figure 1 depicts a part of the body content for an article where the
title word is Maria Montessori in an encyclopedia. The body text contains clauses
like meaning somebody was born at Ancona,
meaning somebody studied medicine in University of Rome. Through an analysis for
a predicate and its argument, we can generalize each clause into a discourse category
such as and . It is this generalized discourse category of a clause
that we treat as the theme of a sentence in this paper. Here, we take the these clauses
that explain the topic for a comment, and defined the notion of a comment as follows:
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(a)α :<경찰,체포,되>

활동
(action)

죄(crime)

역임(service in 

various post)

출생
(birth)

교육
(education)

(b)Head:체포,Neighbor:<경찰,되>  

활동
(action) 죄

(crime)

Fig. 2. Theme category space

Definition 1 (Comment). A comment α is a phrase that explains the topic of a sen-
tence and defined as a list consisting of a verb(V ), a predicative noun(P N ), and a pe-
ripheral noun(N ):

α = < N, P N, V >
where N denotes a general noun or a named entity, V a verb including a functional
verb, P N a predicative noun that is extracted from the sentence when a functional

verb such as is used in the sentence.

For instance, from the phrase (somebody did study

at Harvard), we can extract the comment in-

cluding the predicative noun in front of the function verb . The pred-

icative noun is a term that indicates the noun in the description

, which is followed by the functional verb .

Definition 2 (Sentence theme). A sentence theme is defined as a term T that the sen-
tence is generalized to. It is generated by < α, γ, ∆, Φ > where α is a comment, γ the
head-driven pattern reconfigured from α, and ∆ a theme category used for the comment
generalization. A theme mapping function, Φ : γ → T , maps a head-driven pattern γ
into a theme category T ∈ ∆.

Figure 2 illustrates two different methods to determine the theme using the com-

ment . Figure 2 (a) depicts the case where
all possible theme categories are first generated from the three elements constituting the
comment and given equal weights without a head. In the case of (b), the second element,

, is designated as the head and works as the only element that generates
the possible theme categories. Other elements, , merely serve as
neighbors to help determining the theme category between the two. By ruling out unim-
portant theme categories, the theme assignment task is expected to be more accurate.

Figure 3 depicts the schematic overview of the proposed method for sentence theme
assignment. When applied to a sentence S, the proposed method first extracts the com-
ment α and generates the head-driven patterns γ from the comment α. These head-
driven patterns γ result from reconfiguration of the comment. Finally the theme map-
ping function φ assigns the theme T for a sentence S based on the head-driven pat-
terns γ.
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Sentence S Comment α

Head driven pattern γ

Theme Τ

Comment 
extraction Recomposition

Theme mapping 
Function Φ

N = <P_N,V>

V = <N,P_N>

P_N = <N,V>

P = <α
1
,α

2
>

Fig. 3. Theme assignment procedure

Table 1. A part of the theme category set

2.2 Theme Category Set Construction

We assume that the important concept of a sentence will be embodied in the terms that
are most frequently used in the text; hence, we construct the theme category set based
on the terms with high term frequency (TF)(nouns and verbs). Having calculated the
TF of nouns and verbs extracted from the encyclopedia domain, we select the terms
occupying the upper 30% of the total TF values as the candidate terms for the category
construction. Table 1 shows a part of the theme category set constructed from the person
domain in the encyclopedia.

2.3 Theme Assignment

We conjecture that by emphasizing a particular element in a comment, this theme as-
signment task can be done more effectively. We enumerate four different types of head-
driven patterns and evaluate them with experiments.
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Table 2. Head-driven patterns derived from the sample comments

Definition 3 (Head Driven Pattern). A head-driven pattern is generated from a com-
ment by selecting an element as the head and making the others neighbors dependent
on it. Four different types of head-driven patterns are of our interest.

(Pattern 1) V = < N, P N >
(Pattern 2) N = < V, P N >
(Pattern 3) P N = < N, V >
(Pattern 4) P = < c1, c2 >

In the head-driven pattern 4, P stands for a predicate generalized from the pred-
icative noun or the verb, whichever exists in the comment. c1 and c2 are the remaining
elements in the comment other than the one that serves as P . This can be seen as a com-
bination of patterns 1, 2, and 3.

In the head-driven pattern 1, for example, the verb (V ) is the head and the pe-
ripheral noun(N ) and the predicative noun(P N ) are the neighbors. The theme of the
head, V , is determined by the neighbors, N and P N , and becomes the theme of the
comment. The head-driven patterns 2 and 3 are used in the same way. In the case of
the head-driven pattern 4, the predicate P is the head. Table 2 shows how the two com-

ments are converted
into the four types of head-driven patterns.

Given a head-driven pattern generated from a comment, the next step is to select the
most probable theme from each pattern. For each pattern, we define a theme mapping
function that selects a theme. Below are the four mapping functions:

(Func. 1) Φ1: V =< N, P N > → T , where N , V , P N ∈ α and T ∈∆
(Func. 2) Φ2: N =< V, P N > → T , where N , V , P N ∈ α and T ∈ ∆
(Func. 3) Φ3: P N =< N, V > → T , where N , V , P N ∈ α and T ∈ ∆
(Func. 4) Φ4: P =< c1, c2 > → T , where P , c1, c2 ∈ α and T ∈ ∆

Each mapping function is currently implemented with a Naive Bayesian classifier.
For example, given that a comment α represented as < nk, pnk, vk > and its head-
driven pattern 1, vk =< nk, pnk >, the theme of the head vk must be chosen among
the possible theme categories with the contextual information provided by the neighbor
< nk, pnk >. The problem now becomes that of classifying the pattern into one of the
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Fig. 4. Theme assignment result for each head driven pattern

theme categories or assigning a theme to the pattern generated from the comment. By
directly applying the Bayesian classifier, we get:

T = argmaxTi∈∆P (Ti|vk) (1)

= argmaxTi∈∆
P (vk|Ti)P (Ti)

P (vk)

= argmaxTi∈∆
P (nk, pnk|Ti)P (Ti)

P (nk, pnk)
= argmaxTi∈∆P (nk, pnk|Ti)P (Ti)

As usual, the probabilities are estimated based on a training data. After the probabil-
ity of a theme Ti of vk is calculated for every i, the theme with the highest probability
is chosen.

3 Experimental Results

The proposed method was applied to the 2,381 documents in the person domain of
Dusan Dong-a Encyclopedia. After preprocessing 2,381 documents for named entity
tagging, and morphological analysis, the system extracted 9,987 comments, which were
divided into the train and test sets. We used precision, recall and F-score as measures
for the theme assignment effectiveness.

3.1 Baseline

We used the method explained in Figure 2 (a) as the baseline since it considers all
the theme categories obtainable from the elements in a comment without presuppos-
ing a head and neighbors, whereas the proposed method assumes that the head plays
a crucial role in assigning a theme to a comment.
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The theme assignment process of the baseline method is basically the same as
Equation 1. When a comment is represented as α =< a1, a2, a3 >, P (Ti|α) and
P (a1, a2, a3|Ti)P (Ti) are calculated for each theme Ti, and then the category Ti that
has the highest value is assigned to the theme of the comment α.

The performance of the baseline method was evaluated by F-score micro average
after conducting 5-fold cross validation on the extracted 9,987 comments. When the
train set was used for both learning and testing, the performance was 41.9% in F-score
whereas it decreased to 37.4% when the test set was used after learning on the train set.

Table 3. The performance improvement of the proposed method for the baseline

Train set Test set
Baseline 0.4192 0.3743
Pattern 1 0.5875(+40.12%) 0.5375(+43.60%)
Pattern 2 0.9491(+126.36%) 0.3802(+1.58%)
Pattern 3 0.8511(+102.98%) 0.7634(+103.95%)
Pattern 4 0.9886(+135.77%) 0.8857(+136.61%)

3.2 Theme Assignment Based on Sentence Patterns

We ran experiments for the four types of head-driven patterns and compared the results
with that of the baseline. Figure 4 shows the result for the two cases, testing on the data
identical to the train data and on the data different from it. All the scores are in micro
averaged F-score with 5-fold cross validation.

It is clear that the head-driven pattern 4 gives the best result compared to the other
head-driven patterns: the F-score is as high as 98.86% for the train set and 88.57%
for the test set. Performance improvements over the baseline are shown in Table 3.
The results show that while using either a verb alone or a predicative noun alone as
a head (as in the pattern 1 and 3) helps the theme assignment process, compared to the
baseline where no head is used, the idea of using both predicate nouns and verbs as
a head, whenever possible, gives even more improvements. Nouns play a certain role as
a head for determining a theme, but predicates seem to be far more important and affect
more strongly on the theme of a sentence.

Our failure analysis on the baseline and the patterns 1 and 3 results revealed that
many errors were made because a particular theme was favored and assigned dispro-
portionately. As shown in Table 4, among the 1,044 errors (52.8% of the total number
of comments) made for the baseline case, 778 (39.4% of the total number of comments)

were due to the fact that a specific theme, , was assigned. A similar trend
is also found in the case of the patterns 1 and 3 although the total percentage of errors
for the pattern 3 is much less.

4 Conclusion

This paper presents a sentence theme assignment method utilizing the head-driven pat-
terns that place an emphasis on a particular constituent of a sentence. Based on a series
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Table 4. Analysis of errors for the test set

Total error Caused by specific assign.
Baseline 0.5282 0.3941
Pattern 1 0.4161 0.3692
Pattern 3 0.1913 0.1213

of experiments on 9,987 comments extracted from 2,381 documents in Dusan Dong-A
Encyclopedia, we could see that the predicates (i.e. verbs and predicate nouns) in a sen-
tence are strong indicators for determining the theme of a sentence. With the promising
experimental result, we believe that the proposed theme assignment method opens new
possibilities for various research fields such as text summarization, and discourse anal-
ysis.
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