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Abstract 

In this dissertation, we examine how coherence relations (relations between propositions, 

such as Concession and Purpose) are signalled in discourse, and what signals are used to 

indicate them. We also explore the relationship between coherence relations and their 

signals, and examine whether every relation is signalled. Traditionally, coherence 

relations are considered to be signalled only by discourse markers or DMs (but, however, 

therefore, etc.), and relations, based on the presence and absence of DMs, are classified 

as explicit and implicit relations, respectively (Renkema, 2004).  

The fact that relations without DMs are omnipresent in discourse (Taboada, 2009), and 

relations are interpreted even in the absence of DMs (Sanders & Noordman, 2000) leads 

us to hypothesize that the signalling of relations is achieved not only by DMs, but also by 

several other textual signals. We also hypothesize that every relation in a discourse is 

signalled, as a signal must be necessary for correct interpretation. We conduct a corpus 

study, using the RST Discourse Treebank (Carlson et al., 2002), which contains a 

collection of 385 Wall Street Journal articles annotated for rhetorical (coherence) 

relations. We examine each relation in the corpus (20,123 relations in total), identify 

relevant signals for those relations, and finally, add a new layer of annotation to them, to 

include signalling information.  

Results from our corpus study show that the majority of relations (over 90%) in a 

discourse are signalled (sometimes by multiple signals), and also that the majority of 

signalled relations (over 80%) are indicated by signals other than DMs, such as  lexical, 

semantic, syntactic and graphical features. The results also show that the signalling 

varies quantitatively and qualitatively for individual relations. These findings reinforce 

the psychological claim that there exist signals for every interpretable relation. They also 

suggest that the category of explicit relations needs to be expanded, to include relations 

which are signalled by any textual feature. 
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The annotated corpus with signalling information can be used in psycholinguistic studies 

to determine how readers or hearers use signals to identify relations. It can also be used to 

develop discourse parsing systems to automatically categorize coherence relations. 

Keywords:  coherence relations; signals of relations; discourse markers; corpus 

annotation; RST Discourse Treebank  
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Chapter 1. Introduction 

In this dissertation, we investigate the signalling of coherence relations in 

discourse. In particular, we examine how coherence relations are signalled in discourse, 

and what signals are used to indicate them. We also explore the relationship between 

coherence relations and their signals, and examine whether every relation is signalled.  

In this introductory chapter, we delineate some of the basic concepts associated 

with this study: coherence relations (Section 1.1), discourse markers (Section 1.1) and 

types of coherence relations (Section 1.2). In addition, we provide an overview of our 

study, including the research statement (Section 1.3), research motivation (Section 1.4), 

research questions (Section 1.5), research contribution (Section 1.7) and organization of 

the dissertation (Section 1.8). 

1.1. Coherence Relations and Discourse Markers 

A discourse is not merely a collection of random utterances. Rather, the 

components of a discourse are connected to each other in a meaningful way. Coherence 

relations refer to the semantic or pragmatic connections that bind one discourse 

component to another. For example, consider the following text. 

(1) John could not go the party last night. He was busy with his work. 

In this text, there are two components: (i) John could not go the party last night and (ii) 

he was busy with his work. These components are connected to each other by a causal 

relation, i.e., John’s inability to go to the party last night was caused by the fact that he 

was doing his work. 
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Coherence relations are often signalled by discourse markers (DMs). DMs are 

lexical expressions (and, because, since, thus, etc.) which belong to different syntactic 

classes, such as conjunctions, adverbials and prepositional phrases. DMs are used to 

connect discourse components, and they signal the coherence relations that hold between 

those components. For example, in the following text, 

(2) The coach will drop the player from the team if he fails the fitness test. 

the two discourse components, (i) the coach will drop the player from the team and (ii) he 

fails the fitness test, are connected to each other by the DM if which signals a Condition 

relation between them. 

1.2. Explicit and Implicit Coherence Relations 

In the traditional discourse literature, DMs are considered to be the only type of 

signals in discourse. Consequently, coherence relations, based on the presence or absence 

of DMs, are divided into two groups: explicit (also called signalled) and implicit (also 

called unsignalled) relations (Knott & Dale, 1994; Martin, 1992; Meyer & Webber, 2013; 

Renkema, 2004; Taboada, 2009; Taboada & Mann, 2006b; Versley, 2013). Explicit 

relations are those relations which are signalled by a DM. For instance, the relation in 

example (2) above will be considered to be explicit since it is signalled by the DM if. 

Implicit relations, in contrast, are not signalled by DMs, and thereby, they remain 

unsignalled. For instance, consider the following text. 

(3) John is tall. Mary is short. 

In this short text, the discourse components are the two sentences, (i) John is tall and (ii) 

Mary is short, respectively. These components are connected to each other by a Contrast 

relation. Traditionally, this relation will be considered to be an implicit relation since it 

does not contain a DM, or it is not signalled by a DM. 
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1.3. Research Statement 

In this study, we question the validity of the traditional notion about the signalling 

of coherence relations in discourse. First of all, we believe that the signalling of 

coherence relations is not confined to the use of DMs alone. Rather, relations in a 

discourse can well be indicated by a wide variety of signals other than DMs. We call 

these signals other signals in this dissertation, and classify them into major types, such as 

reference, semantic, lexical, syntactic and graphical features. 

We argue that the Contrast relation in example (3) above is actually signalled, 

even though it is not indicated by a DM. The relation is marked by two types of other 

signals. One can notice that the two discourse components (or two sentences) in the text 

share a parallel syntactic construction (Subject – Copular Verb – Adjective). This 

syntactic feature is often used to indicate a Contrast relation. Furthermore, the relation is 

also indicated by the words tall and short in the respective sentences. These words are 

antonyms, and this particular meaning relationship is also a good indicator for Contrast 

relations. 

Second, we also do not agree with the traditional explicit-implicit classification of 

coherence relations based on the presence or absence of DMs. We believe that signals of 

coherence relations (of whatsoever types, either DMs or other signals) have an explicit 

presence in a discourse since they are all textual in nature. Consequently, we propose that 

relations which are signalled (by a textual feature) should be considered to be explicit. 

Implicit relations, on the other hand, should be characterized in terms of the absence of 

any signal (i.e., neither a DM nor any other signal). 

In this dissertation, we investigate the signalling of coherence relations in 

discourse. For this purpose, we aim to discover as many signals of coherence relations as 

possible (if not all), and examine how they are used to indicate relations in a text. We 

also pay special attention to relations which are not signalled by a DM. We previously 

saw in example (3) that relations, in the absence of a DM, can be indicated by syntactic 
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and semantic features. We further aim to explore what other types of signals are used for 

signalling coherence relations, and how they contribute to the understanding of discourse.  

We also examine the relative distribution of different types of coherence relations 

in a discourse with respect to the type of signalling involved, and discover which 

relations are most frequently signalled, and which relations are rarely (or never) 

signalled. Furthermore, we analyze the relative distribution of different types of signals, 

and their relationship, if any, to different types of coherence relations (e.g., the 

relationship between Contrast relations and DMs such as but, in contrast and yet, or the 

relationship between Elaboration relations and certain types of other signals such as 

reference or graphical features). Finally, we examine whether every relation is signalled, 

i.e., whether every coherence relation contains some sort of signal (such as a DM or some 

other signal), or whether there exists any true implicit relation which contains no signal, 

and is never marked at all – neither by a DM nor by any type of other signals. 

1.4. Motivation 

The motivation for undertaking this study stems from the lack of adequate 

research on the signalling of coherence relations beyond DMs. Studies on the signalling 

in discourse show that relations without DMs are omnipresent in discourse (Renkema, 

2009). Taboada (2009) notes that over 50% of the relations present in a discourse are not 

signalled by DMs. Following are the results from a few corpus studies which provide the 

statistical proportions of relations in a discourse not signalled by DMs. 

(1) In the largest available discourse-annotated corpus, the Penn Discourse Treebank 

(Prasad et al., 2008), 54.37% of the relations are not signalled by DMs (Prasad et 

al., 2007). 

(2) In smaller corpora (Taboada, 2006), 69% of the relations in conversation and 57% 

of the relations in newspaper articles are shown to be present without DMs. 
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(3) In the standard RST corpus (Mann & Taboada, 2007), 72% of the relations do not 

contain DMs (Renkema, 2009). 

The high frequency of supposedly implicit relations (or relations without DMs) in 

discourse raises an obvious question: How are coherence relations recognized in the 

absence of DMs? Psycholinguistic research shows that coherence relations are recognized 

psychologically (Knott & Sanders, 1998; Mak & Sanders, 2013; Sanders & Spooren, 

2007, 2009; Sanders et al., 1992, 1993), and that they are recognized even when no DMs 

are present (Kamalski, 2007; Mulder, 2008; Mulder & Sanders, 2012; Murray, 1995; 

Sanders & Noordman, 2000). Consequently, if one believes that readers or listeners can 

understand a variety of relations, then there must be indicators which guide that 

interpretation process, beyond DMs, which are relatively infrequent. 

Unfortunately, research on the signalling of coherence relations has mainly been 

restricted to the study of DMs alone, while very little attention has been paid to other 

potential signalling devices in discourse (Taboada, 2009). So far, only a few studies have 

investigated the signalling of coherence relations by other signals (Bateman et al., 2001; 

Corston-Oliver, 1998; Dale, 1991b; Le Thanh, 2007; Lin et al., 2009; Marcu, 1999; Pardo 

& Nunes, 2008; Pitler et al., 2009; Polanyi et al., 2004; Scott & de Souza, 1990; 

Theijssen et al., 2008). However, the focus of these investigations has been limited to 

either only a few signals (other than DMs) or a few relations. To our knowledge, there 

has not been any wide-scale study on the signalling of coherence relations beyond DMs.  

In our previous studies (Das, 2012; Das & Taboada, 2013a; Taboada & Das, 

2013), we have shown that coherence relations can indeed be indicated by a wide variety 

of signals other than DMs. For example, a morphological marker such as tense is a good 

predictor of Background or Temporal relations; a syntactic marker such as a parallel 

syntactic construction can indicate a Contrast or List relation; a semantic relationships 

between words such as synonymy can indicate Elaboration relations; a lexical feature 

such as lexical overlap in two discourse components can serve as a signal for Summary 

relations; and a graphical marker such as an enumerated or itemized list can mark a List 
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relation. In the present study, we want to push that line of research further as we attempt 

to explore every possible signal of coherence relations, and investigate their role in 

discourse organization. 

1.5. Research Questions 

The research objectives of the present study can be formulated into the following 

six research questions: 

1) How are coherence relations signalled in a discourse? What are the signals 

of coherence relations? 

2) How many relations in a discourse are exclusively signalled by a DM? 

Also, how many relations in a discourse are exclusively indicated by other 

signals or by signals other than DMs? Furthermore, how many relations in 

a discourse are indicated by both types of signals (DMs and other signals)? 

3) Which relations are most frequently signalled, and which relations are 

rarely (or never) signalled? Which relations are most frequently signalled 

by a DM, and which relations are rarely (or never) signalled by a DM? 

Also, which relations are most frequently signalled by other signals, and 

which relations are rarely (or never) signalled by other signals? 

4) What is the relative distribution of DMs with respect to the different types 

of coherence relations signalled by them? Also, what is the relative 

distribution of different types of coherence relations with respect to the 

different DMs used to signal them? 

5) What is the relative distribution of other signals with respect to the 

different types of coherence relations signalled by them? Also, what is the 

relative distribution of different types of coherence relations with respect 

to the different types of other signals used to signal them? 



 

7 

6) Is every relation in a discourse signalled? Or, is there any relation which is 

truly implicit, and contains no signal or is never signalled at all? 

1.6. Methodology 

In order to answer the research questions mentioned above, we conduct a corpus 

study examining signals of coherence relations. We use the RST Discourse Treebank 

(Carlson et al., 2002) which includes a collection of 385 Wall Street Journal articles 

annotated for rhetorical (or coherence) relations. We examine each and every relation in 

the corpus, identify the signals for those relations, and finally, add a new layer of 

annotation to them, to include signalling information.  

Next, we conduct a quantitative analysis of our annotated data. We tabulate the 

examined relations and their corresponding signals, and analyze the statistical distribution 

of the coherence relations and of the signals with respect to each other, and also find out 

the nature of relationship between coherence relations and their signals. 

1.7. Contribution 

There are two distinct areas in which we believe our study will contribute to 

linguistic research. First, it will provide a much wider and greater understanding of the 

signalling of coherence relations in discourse. In particular, our investigation of the 

signalling in discourse beyond DMs will lead to a finer perception about other signals and 

their role in discourse organization. In addition, it would also provide a better insight to 

the characterization of coherence relations in terms of the type of signalling involved.  

Second, as mentioned in the previous section, our investigation involves the 

annotation of a large-scale corpus (already annotated for coherence relations) with 

respect to the relevant signalling information, and the finished corpus will have two clear 

applications. From a psycholinguistic point of view, we would be able to use it in order to 
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determine how hearers and readers use signals to identify relations. Most of the 

psycholinguistic studies to date have manipulated relations by adding or deleting DMs 

(Britton et al., 1982; Cain & Nash, 2011; Degand & Sanders, 2002; Haberlandt, 1982; 

Kamalski et al., 2008; Meyer, 1975; Millis & Just, 1994; Sanders et al., 2007; Sanders & 

Noordman, 2000; Sanders & Spooren, 2007). It would be very useful to extend that work 

by changing other types of signals, to see what effects that has on comprehension. The 

other main application of such an annotated corpus is in discourse parsing. A great deal 

of recent work (da Cunha et al., 2012; Hernault et al., 2011; Hernault et al., 2010; Mithun 

& Kosseim, 2011) and also earlier approaches (Corston-Oliver, 1998; Marcu, 2000; 

Schilder, 2002) have used DMs as the main signals to automatically parse relations, and 

almost exclusively at the sentence level. Our extended set of signals, and the fact that 

they work at all levels of discourse, will probably facilitate this task.  

1.8. Organization of the Dissertation 

The rest of the dissertation is organized as follows: 

In Chapter 2, we delineate the concept of coherence relations. In particular, we 

provide a general definition of coherence relations, followed by a brief review of the 

existing literature on coherence relations. We also discuss the psychological aspects of 

coherence relations.   

In Chapter 3, we provide a brief account of previous studies on the signalling of 

coherence relations. Specifically, we focus on the two major types of signalling devices, 

DMs and other signals, and discuss their role in discourse organization. 

Chapter 4 provides a brief overview of Rhetorical Structure Theory (RST) which 

is adopted as the theoretical framework for this study. 

In Chapter 5, we outline the methodology of this study. In particular, we provide a 

detailed account of different aspects of our methodology, including a description of the 
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corpus, the relational and signalling taxonomies, the tool used for the annotation task, and 

the procedure. 

Chapter 6 presents the results of our corpus study. In particular, it provides the 

statistical distributions of the relations and the signals, and discusses the nature of 

correlation between them. 

In Chapter 7, we provide a detailed discussion of the results of our corpus study. 

In particular, we discuss the implications of the statistical distributions of the signalled 

and unsignalled relations, and describe the signals of relations identified in our study. We 

also discuss the relationship between relations and their signals, and review the concept 

of explicit and implicit relations from the broader point of view of signalling. In addition, 

we discuss a few issues associated with the signalling annotation task, and also suggest 

the future applications of our annotated corpus.   

Chapter 8 provides the conclusion of this dissertation, including a summary of our 

study, its limitations and the directions for future research. 
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Chapter 2. Coherence Relations 

In this chapter, we outline the concept of coherence relations. In particular, we 

provide a general definition of coherence relations, followed by a brief review of the 

existing literature on coherence relations. We also discuss the psychological aspects of 

coherence relations. 

The chapter is organized as follows: Section 2.1 provides a general definition of 

relational coherence. In Section 2.2, we provide a brief review of the existing literature 

on coherence relations, beginning with the origin of the concept, and then outlining some 

of the best known theories of coherence relation, including those (such as Rhetorical 

Structure Theory among others) developed over the years for the application of relations 

in text processing. In Section 2.3, we discuss the psychological aspects of coherence 

relations. Finally, Section 2.4 summarizes the chapter, and provides the conclusion. 

2.1. Definition of Coherence Relations 

“The most salient phenomenon of discourse is the fact that sentences or 

utterances are linked together.”  

  (Renkema, 2004: 103) 

A discourse is characterized by connectedness that exists between (or among) its 

different parts. This connectedness is often explained by linguists in terms of two 

concepts: cohesion and coherence. Cohesion refers to the grammatical and lexical 

connections that link one element of a discourse to another. Coherence, on the other 

hand, is defined as a semantic or pragmatic relationship that links one informational unit 

in a discourse to another. For example, consider the following text. 
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(4) Tom is a fan of Steven Spielberg. He has seen all the movies directed by 

him. 

In this example, he refers to Tom while him refers to Steven Spielberg, and hence 

these expressions are associated by cohesion. On the other hand, the interpretation that 

Tom’s fondness for Steven Spielberg’s movies is evidenced by the fact that he has seen 

all the movies directed by him is an example of coherence. 

Building on the notion of coherence, coherence relations are defined in terms of 

how two (or more) discourse segments are connected to each other in a meaningful way. 

They specify the semantic or pragmatic types of relationships that hold between two (or 

more) discourse components. Attempts to provide a more technical definition for 

coherence relations have been made in different discourse theories. In the following 

section, we provide a brief historical account of some of the most prominent theories of 

coherence relations. 

2.2. Prominent Theories of Coherence Relations 

2.2.1. Notion of Coherence Relations: The Beginning 

Ballard et al.’s Deep Relations 

Research on coherence relations began as early as in the 1970s, and the work of 

D. Lee Ballard, Robert J. Conrad and Robert E. Longacre published in 1971 is perhaps 

the first attempt to introduce the concept of coherence relations. Ballard et al. (1971) 

examine the deep relations underlying the surface syntactic relations between clauses in 

complex sentences, and report on two significant findings. First, there exists no one-to-

one correlation between the semantic relationship that holds across clauses and the 

conjunction that is used to signal the relationship. For instance, a conjunction, such as 

because, is able to signal two different relations as shown in the following texts (from 

Knott (1996: 15)). 
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(5) He did this because she wanted him to. (Relation: Efficient Cause) 

(6) They don’t taste good because they are bitter. (Relation: Generic-Specific) 

Second, a single semantic relationship can have multiple encodings. For instance, 

the following sentences (from Knott (1996: 15)) denote the same situation, with a 

difference in the aspectual states. 

(7) I left before Mary came back. 

(8) I left at about the same time Mary came back. 

Unfortunately, Ballard et al.’s (1971) account does not explicate the exact roles 

played by the surface and the deep relations in a text; however, it certainly establishes a 

clear distinction between the underlying semantic relations and their signals which has 

been followed in many subsequent discourse theories.  

Longacre’s Taxonomy 

Longacre (1983), based on the set of deep relations proposed by Ballard et al. 

(1971), provides a more refined taxonomy of coherence relations. Longacre distinguishes 

two principles: Predications, referring to relations between clause-internal elements, and 

Relations, referring to relations between clauses or propositions. The relations are divided 

into two broad groups: (i) Basic, further subdivided into four subgroups of relations: 

Conjoining, Alternation, Implication and Temporal, and (ii) Elaborative, further 

subdivided into four subgroups of relations: Paraphrase, Illustration, Deixis and 

Attribution. In addition, Longracre (1983) provides a parallel taxonomy of relations 

which consist of two groups: (i) Frustrated, referring to the relations which the readers 

expect to find in a text, but which do not occur, and (ii) Non-frustrated, referring to the 

relations which occur in accordance with the readers’ expectations. The following 

diagram in Figure 1 shows the basic features in Longacre’s (1983) taxonomy.  
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Figure 1: Longacre's taxonomy of relations (simplified) 

Grimes’ Model of Relations 

Grimes’ (1975) account of relations postulates that relations have two distinctive 

roles to play: They give information, and they contribute to discourse organization by 

combining clauses (also groups of clauses) into a coherent and unified whole. Relations, 

known as rhetorical relations in Grimes’ framework, are said to hold between elements 

in a clause, between clauses, and also between groups of clauses. Grimes distinguishes 

between two types of relations: Hypotactic, referring to relations holding between a main 

clause and a subsidiary clause or phrase, and Paratactic, referring to relations holding 

between two main clauses
1
. An additional category called Neutral is also included in the 

taxonomy in order to classify those relations which can be either Hypotactic or 

Paratactic, depending upon the context in a discourse. The following diagram in Figure 2 

shows a simplified version of Grimes’ (1975) taxonomy of relations. 

 
1  This hypotactic-paratactic distinction is comparable to the mononuclear-multinuclear 

classification of relations in Rhetorical Structure Theory or RST (Mann & Thompson, 1988). 

In RST, mononuclear relations hold between a nucleus span (functionally the central 

discourse component) and a satellite span (functionally the secondary discourse component), 

while multinuclear relations hold between (or among) two (or more) nuclei. 
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Figure 2: Grimes' taxonomy of relations (simplified) 

Although the taxonomies provided by Longacre (1983) and Grimes (1975) differ 

in a number of ways, they have a few things in common. First, in both frameworks, 

relations are defined beyond the representation of surface linguistic phenomena, and both 

theories focus on the underlying semantics of the clauses or propositions which 

contribute to the realization of the relations. Second, in both frameworks, relations are 

said to hold between and also within clauses. Finally, both theories suggest that relations 

can hold between larger chunks of a discourse (such as between groups of clauses or 

sentences, or even between paragraphs), but both of them concentrate only in describing 

the ways clauses are combined within complex sentences, and none of them provides 

much insight about the mechanisms concerning the coherence that might be present at the 

global level of a discourse. 

2.2.2. Cohesive Relations 

Halliday and Hasan (1976) and later Martin (1992) focus on surface linguistic 

phenomena in a language, and describe relations based on the analysis of the available 

resources which are commonly used as the explicit signals for linking different parts in a 

discourse. 
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Halliday and Hasan’s Conjunctive Relations 

Halliday and Hasan (1976) explain text-connectedness in terms of cohesion, 

referring to the grammatical and lexical relationships that exist between parts of a 

discourse. The authors distinguish five types of cohesion: reference, substitution, ellipsis, 

conjunction and lexical cohesion. The definitions and examples of these cohesion types 

are given below. In the example sentences, the words in italics refer either to the elements 

linked or to the linking devices. 

1. Reference: Two elements in a text are connected to each other by what they refer 

to. In English, reference items comprise personal pronouns, demonstratives and 

comparatives.  

(9) Wash and core six cooking apples. Put them into a fireproof dish. 

                                                                         (Halliday & Hasan, 1976: 2) 

2. Substitution: An element in a text is replaced by another element. 

(10) My axe is too blunt. I must get a sharper one. 

                                                                        (Halliday & Hasan, 1976: 89) 

3. Ellipsis: One of the identical elements in a text is omitted. 

(11) John brought some carnations, and Catherine some sweet peas. 

                                                                      (Halliday & Hasan, 1976: 143) 

4. Conjunction: A semantic relationship between two clauses or sentences is marked 

by a conjunction, such as and, yet, so or then. 

(12) Although he was very uncomfortable, he fell asleep. 

                                                                      (Halliday & Hasan, 1976: 229) 



 

16 

5. Lexical cohesion: Two elements in a text are connected to each other by a 

semantic relation (reiteration or collocation). 

(13) Can you tell me where to stay in Geneva? I’ve never been to the place. 

                                                                      (Halliday & Hasan, 1976: 275) 

Reference, Substitution, Ellipsis and Lexical cohesion – these four types of 

cohesion represent the relationships by which one part of a text is interpreted with respect 

to some other part in proximity. On the other hand, Conjunction can be used to describe 

the concept of coherence relations by which two independently interpretable text 

segments are semantically connected to each other. The difference between Conjunction 

and the other four types of cohesion also highlights a fundamental distinction between 

cohesion and coherence: Cohesion is used to explain the relationships between entities in 

a discourse while coherence is used exclusively to explain the relationships between 

propositions. The text segments in a conjunctive relation are the correlates (discourse 

segments) of that coherence relation, and the conjunction which is used to join the 

correlates is considered to be the explicit signal for interpreting the relation.  

Halliday and Hasan (1976) describe conjunctions (or conjunctive phrases) in 

terms of four types of conjunctive relations: Additive, Adversative, Causal and Temporal. 

Additive relations are signalled by conjunctions such as and, in addition, for instance and 

alternatively. They are used to add new information, or provide examples, or make a 

restatement of the previous utterance. In Adversative relations, the text segments 

represent a contrast in meaning which is often signalled by conjunctions such as but, 

despite, although and instead. Causal relations are signalled by conjunctions such as 

because, therefore, thus and so, and these relations imply a clause-effect relationship 

between two text segments. Finally, in Temporal relations, the text segments in question 

are connected to each other by a sequence of time, and the relation is often signalled 

explicitly by conjunctions such as before, after, previously and finally. 
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Halliday and Hasan (1976) also propose a binary classification of conjunctive 

relations: External relations, referring to the relations which hold between elements 

present in a text, such as between two events; and Internal relations, referring to the 

relations that hold between elements which are constitutive of the text itself, such as a 

relation between two speech acts. For instance, consider the following texts (from Knott 

(1996: 19)).  

(14) First he switched on the light. Next he inserted the key into the lock. 

(15) First he was unable to stand upright. Next he was incapable of inserting 

the key into the door. 

In these examples, both texts represent Temporal relations. The relation in the 

first text holds between two temporal events, and it represents an External relation. 

However, in the second text, the relation holds between two speech acts, somewhat like I 

assert that he was unable to stand upright, and I assert that he was incapable of inserting 

the key into the door; and thus, the relation is Internal.  

The following diagram in Figure 3 shows a simplified version of Halliday and 

Hasan’s (1976) taxonomy. 
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Figure 3: Halliday and Hasan's taxonomy of relations (simplified) 

Martin’s Taxonomy of Relations 

Martin (1992), following the concept of conjunctions proposed by Halliday and 

Hasan (1976), provides a more elaborate taxonomy of relations based on the usage of 

connectives. In addition, he provides a more comprehensive account of the relationship 

between the deep and surface relations, and also emphasizes the concept of implicit 

relations which are not signalled by an overt conjunction. Martin identifies an implicit 

relation in terms of the absence of an explicit conjunction (or a conjunctive phrase), and 

determines the relation type by inserting an extra conjunction which functions as a typical 

signal for that relation. This idea is later exploited in the Penn Discourse Treebank 

project (Prasad et al., 2008) in which relations without connectives are made explicit by 

the insertion of an extra connective between two discourse arguments.  

In his taxonomy, Martin retains Halliday and Hasan’s (1976) original 

classification of Internal and External relations, and also Grimes’ (1975) dichotomy of 
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Paratactic and Hypotactic relations. In addition, he proposes four broad groups of 

relations: Additive, Comparative, Temporal and Consequential. The highly detailed 

taxonomy of Martin includes more than one hundred relations which are organized in a 

hierarchical structure. The following diagram in Figure 4 shows a simplified version of 

Martin’s (1992) taxonomy, representing only the higher level relations. 

 

 

 

Figure 4: Martin's taxonomy of relations (simplified) 

We consider the above-mentioned theories of cohesive relations to be extremely 

relevant to the present study. First of all, in the present study we question the validity of 

the traditional classification of explicit and implicit coherence relations, and we find that 

these two concepts, explicit and implicit relations, originated respectively in the theories 

of Halliday and Hasan (1976) and Martin (1992). Halliday and Hasan’s concept of 

conjunctive relations, i.e., the semantic relationship between two text segments joined by 

a conjunction, represents the traditional notion of explicit relations between two text 

segments signalled by a DM. On the other hand, the traditional notion of implicit 

relations, i.e., relations not signalled by any DM, is parallel to the notion of implicit 

relations introduced in Martin’s theory.  
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Furthermore, we also find these theories very useful for building the resource for 

our corpus annotation task. One of the research objectives our study is to discover as 

many as (if not all) possible signals of coherence relations. For that purpose, we annotate 

the signals of coherence relations in the RST Discourse Treebank (Carlson et al., 2002). 

In our annotation, we use a taxonomy of signals which we build based on the different 

classes of relational markers that we identified in our preliminary corpus work (Das, 

2012; Das & Taboada, 2013a, 2013b; Taboada & Das, 2013) or that have been mentioned 

in previous studies on the signalling in discourse. In our taxonomy, we have a large 

number of cohesive devices collected from the works of Halliday and Hasan (1976) and 

Martin (1992). For example, conjunctions, as proposed by Halliday and Hasan and later 

by Martin, belong to the class of DMs in our taxonomy of signals. We have also retained 

Halliday and Hasan’s Reference type (further subdivided into personal, demonstrative 

and comparative reference). Furthermore, we have considered Lexical cohesion as part of 

the semantic feature since this type links words of similar or related meaning present in 

the respective discourse segments in a text.  

2.2.3. Computational Theories of Text Coherence 

Since the 1980s, an altogether new line of research on coherence relations 

emerged with the works of computational linguistics. These theories, characterized by AI 

(artificial intelligence) concepts (such as knowledge representation, planning and 

recursion), consider coherence relations to be potential constructs in discourse processing 

applications. We outline some of the well-known computational theories in this section. 

Hobbs’ Theory 

Hobbs (1985) notes that the interpretation of coherence relations depends on the 

inferences which are aided by the reader’s or listener’s world knowledge. Hobbs 

distinguishes four types of coherence relations: Occasion, Evaluation, Background and 

Explanation, and Expansion. For each type, the relations are motivated towards the 

requirements of the discourse situation. Occasion, further subdivided into Cause and 

Enablement, refers to the relations which hold between text segments representing 
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events. In Evaluation, relations between text segments originate from the need to relate 

the message to the goal of the discourse. Background and Explanation are used to relate a 

discourse segment to the listener’s prior knowledge. Finally, in Expansion, relations are 

used to expand the discourse, and they specify inferential connections between text 

segments which facilitate the listeners to understand the discourse. Expansion is 

subdivided into Positive (further classified into Parallel, Generalisation and 

Exemplification), and Negative (also known as Contrast). Hobbs’ framework is 

characterized as a computational theory of coherence relations because it essentially 

requires a knowledge-intensive approach to discourse interpretation. The following 

diagram in Figure 5 shows Hobbs’ (1985) taxonomy. 

 

Figure 5: Hobbs' taxonomy of relations 

Hobbs’ (1985) theory is later extended by Kehler (2002) who presents a typology 

of coherence relations, based on three general classes of “connection among ideas”, 

namely Resemblance, Contiguity in time or place and Cause or Effect, as introduced by 

Hume (1955:32). Kehler also makes a few changes in Hobbs’ (1985) relation inventory. 

For example, Kehler adds a new relation called Denial of Preventer in order to 

complement the Cause-Effect category, and excludes Evaluation relation from the 

taxonomy. In addition, he modifies the definitions for several relations in order to 

highlight commonalities among them. 
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A unique feature in Hobbs’ (1985) theory is that the framework employs a 

recursive mechanism.  

When two segments of discourse are discovered to be linked by some 

coherence relation, we can consider the two together as a single segment 

of discourse. By recognising coherence relations between segments, we 

can thus build up recursively a structure for the discourse as a whole. 

  (Hobbs, 1985: 22) 

The idea of treating the relational structure in a recursive fashion for building up larger 

sections of a text has two distinct advantages. First, it provides the text a well-defined 

structural identity which is easy to understand, and which can be represented in a tree 

diagram structure. Second, the recursive aspect assigns a procedural role to the relations 

in constructing larger sections of text, and this is particularly useful for many text 

processing applications.  

Grosz and Sidner’s Theory 

In Grosz and Sidner’s (1986) theory, as in Hobbs’ (1985), the notion of recursion 

plays an important role. According to Grosz and Sidner, discourse segments (DSs) are the 

principal units of structure, and relations hold between these discourse segments to form 

larger structures in a recursive fashion. However, Grosz and Sidner, unlike Hobbs, 

emphasize the intention of the writer, and suggest that relations between DSs should 

actually be interpreted as relations holding between discourse segment purposes (DSPs). 

In this framework, each discourse segment is specified with a single overriding intention, 

and these intentions are connected to each other by means of relations. 

Grosz and Sidner’s (1986) taxonomy contains only two intention-based relations: 

Dominance and Satisfaction-Precedence. The following diagram in Figure 6 shows 

Grosz and Sidner’s (1986) taxonomy of relations. 
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Figure 6: Grosz and Sidner's taxonomy of relations 

These relations are defined in terms of two DSPs, called DSP1 and DSP2. In 

Dominance, DSP1 contributes to DSP2, and DSP2 dominates DSP1 if the satisfaction of 

DSP1 is intended to provide part of the satisfaction of DSP2. In Satisfaction-Precedence, 

DSP1 satisfaction-precedes DSP2 if the satisfaction of DSP2 is conditioned by the 

satisfaction of DSP1. 

Although Hobbs (1985) introduces the notion of a recursive mechanism for 

building discourse structures, Grosz and Sidner (1986) are the first to look in detail at the 

idea of relations holding between larger text segments in a discourse hierarchy. In fact, 

Grosz and Sidner limit their attention only to the high-level relations, and most of their 

examples are used to represent high-level relations. Furthermore, the atomic discourse 

segments in their account often consist of two or more sentences. This is the reason why 

the theory often falls short in providing a comprehensive account of the relations that 

occur in the lower levels in a discourse hierarchy. 

Rhetorical Structure Theory 

Rhetorical Structure Theory or RST was originally developed by William Mann, 

Christian Matthiessen and Sandra Thompson in the 1980s, and it has been adopted, 

elaborated and modified in many later studies. RST (Mann & Thompson, 1988), like 

Hobbs’ (1985) and Grosz and Sidner’s (1986) theories, considers a discourse to be a 

hierarchical organization of text segments. In RST, rhetorical (coherence) relations are 

considered to be the central constructs, and they are defined functionally, with an 

emphasis on the effect that the writer intends to achieve by presenting two adjacent text 

spans.  
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RST distinguishes four types of components for describing text structures: (1) 

Relations, (2) Schemas, (3) Schema applications and (4) Structures. These components 

are described below. 

(1) Relations: Relations hold between two non-overlapping text spans. These spans 

include nucleus, referring to the central or the most important span, and satellite, 

referring to the peripheral or the secondary span. In cases where each span is 

equally important, they are considered to be the nuclei, and the relation is 

multinuclear.  

(2) Schemas: Schemas define the structural constituency arrangements in which a 

particular span of text is analyzed in terms of other spans. Schemas are considered 

to be abstract patterns of text structure comprising a small number of constituent 

text spans. They determine the possible RST structure of a given text by providing 

specifications about what relations hold between text spans, and how certain 

spans are related to the whole collection. 

(3) Schema Applications: The schema application conventions define the ways a 

schema can be instantiated, mostly with some modifications over the actual 

schemas. Three conventions are used to determine the possible application of a 

schema, and they are unordered spans, optional relations and repeated relations. 

(4) Structures: The composition of the schema applications determines the structure 

of an entire text. A structural analysis of a text is a set of schema applications 

which is determined by four constraints: completedness, connectedness, 

uniqueness and adjacency. 

RST Taxonomy 

Mann and Thompson (1988) propose a set of 23 relations which are broadly 

classified into two groups: Subject-matter relations, in which the writer intends that the 

relations are recognized by the reader, and Presentational relations, in which the intended 



 

25 

effect is to increase some inclination on the part of the reader. The following diagram in 

Figure 7 shows Mann and Thompson’s (1988) taxonomy of relations. 

 

Figure 7: Mann and Thompson's taxonomy of relations 

We should note that the above-mentioned taxonomy proposed by Mann and 

Thompson is not an absolute one in RST as there exist different modified versions of the 

RST relational taxonomy developed and used by various later studies. Researchers 

working on RST are often seen to use particular relations which are modified from the 

original RST relations. For instance, Rösner and Stede (1992) use a relation called Step-

Sequence which is a specialized version of Sequence adopted from Mann and Thompson 

(1988). Sometimes, a number of original RST relations are also coalesced in order to 
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form a general relation. For example, the relations Volitional-Cause, Non-Volitional-

Cause, Volitional Result, Non-volitional-Result and Evidence are amalgamated in Scott 

and de Souza (1990). Hovy et al. (1992) use a relation called Analogy which covers three 

relations from RST: Elaboration, Evaluation and Restatement. Furthermore, sometimes 

an altogether new relation has also been created. For example, Rösner and Stede (1992) 

create a relations called Until which represent a situation in which a given action must be 

performed until a certain condition is met.   

Attempts have also been made to create alternative collections of relations which 

are parallel to the RST taxonomy. For instance, Hovy and Maier (1992) create a set of 70 

relations, based on the language metafunctions (ideational, interpersonal and textual). 

Grosz and Sidner (1986), as mentioned earlier, propose only two relations, Dominance 

and Satisfaction-Precedence, which they claim to be sufficient to analyse the discourse 

structure of any given text. Knott (1996) motivates a taxonomy of coherence relations, 

classifying a large set of discourse connectives or cue phrases by means of substitution 

tests. 

The number of the relations in the RST taxonomy also varies from study to study. 

Mann and Thompson’s original taxonomy of 23 relations has been expanded to 30 

relations in the RST website (Mann & Taboada, 2007). Le Thanh (2007) uses a reduced 

set of 22 RST relations for automatically generating discourse structure of texts. An 

extended set of 32 relations is used by Pardo and Nunes (2008) in DiZer – a discourse 

parsing system. Most elaborately, Carlson, Marcu and Okurowski, in building the 

annotated RST Discourse Treebank (Carlson et al., 2002), use a large set of 78 individual 

relations which are divided into 16 major groups of relations (see Carlson and Marcu 

(2001) for more information). 

In sum, the type and the number of RST taxonomies are quite variable. The 

reason for having so many versions of the RST taxonomy can, however, be ascribed to a 

number of features in RST itself. Mann and Thompson (1988) themselves consider the 

inventory of relations to be an open set. Furthermore, Mann et al. (1989) see RST as 
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more of a useful tool for determining text structures than a strict theory of discourse with 

limited attributes, and for this reason, the authors allow relevant modifications within the 

RST taxonomy.  

Relation definitions have the status of applications of the theory rather 

than elements of the theory. One might want to change or replace the 

definitions… such changes are to be expected and do not cross the 

definitional boundaries of RST.  (Mann et al., 1989: 48) 

A small or a large set of relations has its own pros and cons. In the case of a small set of 

relations, the trees are easier to build while they lack details. On the other hand, large sets 

of relations render very informative trees, but they also increase the difficulty of manual 

text analysis.  

Segmented Discourse Representation Theory 

Segmented Discourse Representation Theory or SDRT (Asher & Lascarides, 

2003; Lascarides & Asher, 2007) presents a formal approach to discourse interpretation. 

Primarily based on Discourse Representation Theory or DRT (Kamp, 1981; Kamp & 

Reyle, 1993), SDRT combines the insights of dynamic semantics of anaphora with a rich 

theory of discourse structure.  

SDRT attempts to highlight the interactions between the semantic contents of 

discourse segments and the global or pragmatic structure of a discourse. It provides two 

types of logics: logic of information content, meant to represent (or interpret) the logical 

forms of discourse, and glue logic, meant for constructing logical forms. The logic of 

information content is assigned a dynamic semantic interpretation while the glue logic 

extends dynamic semantics’ mechanism for constructing logical form by encoding an 

interaction between semantics and pragmatics.  

In SDRT, coherence relations are considered to be relations holding between 

speech acts (Asher & Lascarides, 2003). For example, in a discourse involving two 

participants, A and B, if two utterances, α and β, are connected to each other by an 

Explanation relation, then it implies that the person who uttered β performed the speech 
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act of providing an explanation, relative to α. On the other hand, if the utterances are 

connected by a Contrast relation, then B performed the speech act of contrasting β with 

α. The notion of viewing coherence relations as speech act types parallels with the claims 

about speech acts proposed by Searle (Searle, 1965, 1969): Speech acts constitute an 

essential component of meaning, and reasoning about which speech acts have been 

performed leads to successful communication. 

The relation inventory of SDRT (Asher & Lascarides, 2003) includes more than 

30 relations which are divided into five broad groups: (i) Content-level relations, (ii) Text 

structuring relations, (iii) Cognitive-level discourse relations, (iv) Divergent relations and 

(v) Metatalk relations. The following diagram in Figure 8 shows a simplified version of 

the SDRT taxonomy of relations (Asher & Lascarides, 2003). 

 

Figure 8: SDRT taxonomy of relations (simplified) 

RST and SDRT share a common point in that both theories put forward the notion 

of asymmetry to describe relations, i.e., some parts in a text play a subordinate role 

compared to others. While RST addresses this in terms of the nucleus-satellite distinction, 

SDRT explains this in terms of the coordinating-subordinating distinction. However, 

unlike RST which emphasizes the intention of the writer for analyzing relations (i.e., how 

are the relations cognitively generated?), SDRT focuses on the effect of relations on 

meaning (i.e., what is the contribution of relations to truth conditions?). SDRT also 
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allows the possibility that two utterances can be related by more than one relation at 

different levels, but such a situation is not permissible in RST (Moore & Pollack, 1992).  

(Unified) Linguistic Discourse Model 

The (Unified) Linguistic Discourse Model or LDM (Polanyi et al., 2004) is a 

syntactically informed and semantically driven model which is used as the theoretical 

framework for building discourse parsing and text summarization systems such as 

PALSUMM (Polanyi et al., 2004). The LDM attempts to provide a semantic 

interpretation for every utterance in a discourse, and thus, in spirit is very close to 

Segmented Discourse Representation Theory or SDRT (Asher & Lascarides, 2003; 

Lascarides & Asher, 2007). However, unlike SDRT which interprets a discourse from a 

purely semantic ground, the LDM follows a distinction between discourse syntactic 

structure and discourse interpretation. In this respect, the LDM also bears some similarity 

with Grosz and Sidner’s (1986) theory and RST (Mann & Thompson, 1988) since it 

incorporates an explicit tree structure model of relationships between discourse segments, 

represented otherwise as a model of discourse syntax.  

The Linguistic Discourse Model or LDM views a discourse as a product 

consisting of discourse constituent units (DCUs) connected to each other in a recursive 

fashion. The LDM represents text structures in the form of an open right tree of DCUs. 

DCUs are made of basic discourse units (BDUs) which form the content of the leaves of 

the tree. After a text is segmented into BDUs, an open right tree is built up. The 

completed tree, at any given point in discourse, shows which DCUs are available (or no 

longer available) for continuation.  

In the LDM, three structural relations are found between discourse units: (i) 

discourse coordination (e.g., units related by bearing a similar relationship to an existing 

or newly formed common parent in the tree), (ii) discourse subordination (e.g., units 

related by an Elaboration relationship in which the content of a subordinated unit 

provides more information about an entity or situation in the subordinating unit) and (iii) 

n-ary construction (e.g., unit related by logical or rhetorical, genre or interactional 
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conventions specific to a given language). The following diagram in Figure 9 shows the 

LDM taxonomy of relations (Polanyi et al., 2004). 

 

Figure 9: LDM taxonomy of relations 

In sum, after examining the above-mentioned theories of coherence relations we 

find that the concept of coherence relations has been approached from different 

perspectives. While early accounts of relational coherence (Ballard et al., 1971; Grimes, 

1975; Longacre, 1983) define relations in terms of deep relations underlying surface 

syntactic relations in discourse, cohesive accounts of discourse coherence (Halliday & 

Hasan, 1976; Martin, 1992) describe relations focusing on the available linguistic 

resources in a text used to connect different text elements. Furthermore, coherence 

relations in computational theories of discourse (Asher & Lascarides, 2003; Grosz & 

Sidner, 1986; Hobbs, 1985; Mann & Thompson, 1988; Polanyi et al., 2004) are treated as 

potential constructs for analyzing discourse structure and developing discourse 

processing applications. Despite the diversity of goals these theories aspire to achieve and 

the manners in which they explain coherence relations, we find that these theories agree 

on conceptualizing the basic tenets of coherence relations: A text is interpretable by 

virtue of being coherent. Coherence in a text is achieved by establishing meaning 

relationships across different parts of the text. These parts represent propositions or 

independently interpretable text segments, and they are connected to each other either 

semantically or pragmatically by means of coherence relations. 
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The Present Study and RST 

In the present study, we adopt RST as our theoretical framework. In addition, we 

follow Carlson and Marcu’s (2001) taxonomy of RST relations. 

We adopt RST for a number of reasons. First, RST provides a more descriptive 

account of text organization than other theories of discourse. Second, the association of 

relation and coherence is well illustrated in RST. Coherence is often described in terms of 

the absence of non-sequiturs, i.e., segments of text which do not seem to be part of the 

communicative intent of the writer. In RST analyses, it is assumed that each and every 

element of a text contributes to the overall organization of the text since they are 

somehow connected to each other at a certain level in the hierarchy. The possibility of 

establishing an RST analysis for a given text thus strongly stems from the subjective 

judgement that the text is coherent. Third, RST proves to be useful in various applications 

in computational linguistics. In particular, studies in discourse parsing show that RST 

could be used as an advantageous tool for detecting coherence relations and for 

establishing valid structures of discourse. Finally, the choice of RST is also motivated by 

a pragmatic reason. In order to examine the signalling of coherence relations, we decide 

to conduct a corpus study, using a large corpus already annotated for coherence relations. 

There are two such corpora available for our purpose: The Penn Discourse Treebank 

(Prasad et al., 2008) and the RST Discourse Treebank (Carlson et al., 2002). We choose 

to use the RST Discourse Treebank because it best serves our purpose (see Chapter 5 for 

more information). The corpus is annotated based on the framework of RST, and this also 

helps us to choose RST as our theoretical framework. In addition, the relations in the 

RST Discourse Treebank are annotated following the taxonomy proposed by Carlson and 

Marcu (2001). Accordingly, we also choose to follow Carlson and Marcu’s taxonomy 

while annotating signals of the relations in the corpus. 
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2.3. Psycholinguistic Aspects of Coherence Relations 

In addition to the theories of relational coherence mentioned above, the concept of 

coherence relation is also explained from a psychological point of view (Hobbs, 1985; 

Knott & Sanders, 1998; Mann & Thompson, 1988; Sanders & Noordman, 2000; Sanders 

& Spooren, 2007, 2009; Sanders et al., 1992, 1993). Coherence relations, in this view, are 

viewed as psychological constructs which point to the psychological processes that 

speakers use to relate a number of text spans, and that listeners use to interpret those 

spans. Knott and Sanders, elaborating on the psychological claims of coherence relations, 

note: 

When readers process a text, they construct a representation of the 

information it contains. A crucial property of this cognitive representation 

is that it integrates the individual propositions expressed in the text into a 

larger whole, just as our representations of an individual situation in the 

world draws together a number of separately perceived events and states 

[…]. The psychological claim about coherence relations is that they 

should be seen as modelling the different ways in which this integration 

between propositions can occur. According to this idea, determining the 

coherence relations in a text is part of the process of understanding it.  

  (Knott & Sanders, 1998: 138) 

Hobbs (1985) is perhaps the first to provide a psychological account of coherence 

relations. Relations, in Hobbs’ account, are ‘text-building strategies’ which the speakers 

or writers employ in order to facilitate the understanding of the text by the listeners or 

readers (Hobbs, 1985). Since the interpretation of discourse is dependent on the listeners’ 

or readers’ understanding, relations are seen as being modified to the listener’s or 

readers’ need. Furthermore, Hobbs mentions that coherence relations are built based on a 

general principle of ‘cognitive economy’, although the details of this principle are not 

discussed in Hobbs (1985). 

Mann and Thompson also emphasize the psychological aspects of the coherence 

relations. In RST (Mann & Thompson, 1988), relations are considered to be functional 

constructs which are used by writers in order to achieve some particular effects. 
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However, while relations in RST are defined with reference to the writers’ or readers’ 

psychological state, Mann & Thompson (1988) provide no empirical evidence in support 

of the psychological mechanisms responsible for using or understanding relations. 

Rather, the justification of the relations in RST is purely explained by discourse analysts 

in terms of their descriptive adequacy. 

The most convincing evidence in support of the claim that coherence relations are 

psychologically real is provided by works of Sanders and colleagues. Knott notes, 

Any theory proposing that relations ‘model psychological constructs’ must 

address two key issues. Firstly, some kind of account of human text 

processing is needed, which makes it clear what role is played in the 

mechanism by ‘relation-like’ constructs. Secondly, there has to be some 

way of investigating these psychological constructs, and working out what 

they are. Sanders et al. address both of these requirements. 

  (Knott, 1996: 44) 

We provide below a brief overview of Sanders et al.’s work on the 

psycholinguistic reality of coherence relations. 

2.3.1. Sanders et al.’s Psycholinguistic Account of Coherence 

Relations 

Sanders and colleagues (Degand & Sanders, 2002; Knott & Sanders, 1998; Mak 

& Sanders, 2013; Mulder & Sanders, 2012; Sanders & Noordman, 2000; Sanders & 

Spooren, 1999, 2007, 2009; Sanders et al., 1992, 1993) address the psychological reality 

of coherence relations in terms of text understanding. Discourse comprehension, in 

Sanders et al.’s view, is a psychological process which requires a coherent mental 

representation of a text. Understanding the discourse is achieved by establishing the 

appropriate links between the mental representations of the text segments.   

Sanders and colleagues argue that there exist some general cognitive resources 

which are used to establish coherence links. Comprehension is a language-independent 

process in which the segments of the discourse are integrated into a unified whole, using 
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part of the reader’s general background knowledge of the world. A coherent discourse is 

one which facilitates this integration. Sanders et al. propose four cognitively basic 

features or primitives which underlie coherence relations. These primitives include Basic 

operation, Source of coherence, Order of segments and Polarity. We provide below a 

short description of these primitives. 

1) Basic operation: There is either a causal or an additive component in each 

relation. Causal relations convey a relevant causal connection between two 

segments in a text. Relations without a causal connection are additive. 

2) Source of coherence: The source of coherence of a relation emerges from either 

semantic or pragmatic grounds. Semantic relations and pragmatic relations are 

considered to be coherent with respect to their propositional contents and their 

illocutionary force, respectively. 

3) Order of segments: This primitive, applicable only for causal relations, signifies 

two orders: basic and non-basic. The basic order places the antecedent in the left 

while the non-basic places it in the right. 

4) Polarity: Relations, according to their polarity, are classified as positive or 

negative. In a positive relation, the content of the two spans are linked by the 

basic operation. In a negative relation, the content of one of the segments is 

negated by the content of the other segment. 

Sanders and colleagues, based on the different combinations of these four 

primitive types, provide a set of twelve relation types, such as cause-consequence (basic 

operation = causal, source of coherence = semantic, order = basic, polarity = positive) 

and claim-argument (basic operation = causal, source of coherence = pragmatic, order = 

non-basic, polarity = positive). The following diagram in Figure 10 shows Sanders et 

al.’s (1992) taxonomy of relations. 
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Figure 10: Sanders et al.'s (1992) taxonomy of relations 

Sanders and colleagues, in a number of experiments, show that subjects, both 

discourse analysts and naïve readers, are able to identify coherence relations in unseen 

texts with a fair amount of accuracy. In addition, the subjects are sensitive to different 

relations. It was also shown that under specified circumstances, the subjects show fair 

amount of accuracy in identifying the source of relations and their polarity, while no 

convincing evidence was found for the impact of the order of the segments. 

The works by Sanders and colleagues also address various issues associated with 

the cognitive status of coherence relations, such as the effect of coherence relations and 

their linguistic marking on the psychological representation of discourse (Kamalski et al., 

2008; Knott & Sanders, 1998; Sanders et al., 2007; Sanders & Noordman, 2000), the 
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acquisition order of different coherence relations for children (Evers-Vermeul & Sanders, 

2009; Sanders & Spooren, 2008), and the relationship between coherence relations and 

second language learning (Degand & Sanders, 2002), to name a few. 

We find the works of Sanders and colleagues extremely relevant to the present 

study in a few ways. First, we believe that coherence relations are recognized cognitively, 

and Sanders and colleagues provide empirical evidence for this belief. They show that 

connectedness in discourse is a mental phenomenon, and language users, during 

interpreting a discourse, make a coherent representation of the information in that 

discourse. This representation is aided by connecting different parts of a discourse by 

appropriate relations. Thus, understanding a discourse fundamentally requires that the 

linguistic representation and the mental representation of a discourse are parallel to each 

other, and this parallelism is built by recognizing the correct coherence relations. 

Second, we believe that coherence relations are recognized cognitively by 

linguistic signals. Sanders and colleagues show that explicit signals guide the 

understanding of discourse. 

… the connectedness of discourse is a mental phenomenon. When 

confronted with a stretch of discourse, language users make a coherent 

representation of it. At the same time, discourse itself contains (more or 

less) overt signals that direct this interpretation process,…  

  (Sanders & Spooren, 2007: 919) 

In the present study, we also assume that textual signals enable us to identify 

coherence relations, and hence, they contribute to make a coherent mental representation 

of discourse. We address these issues in the context of a corpus analysis of signals for a 

large number of coherence relations. 

2.4. Conclusion 

To sum up, we have outlined the concept of coherence relations in this chapter. In 

particular, we have given a general definition of coherence relations, and shown how the 
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concept of relations emerges from two distinct phenomena, called cohesion and 

coherence. Next, we have provided a brief review of the existing literature on coherence 

relations. In this occasion, we have mentioned how the concept of coherence relations 

was introduced in early 1970s, and discussed how the concept had undergone gradual 

development and richer refinement within different discourse theories over the years. 

While discussing cohesive relations, we have also touched upon the phenomenon of the 

signalling of coherence relations which is central to the objective of the present study, 

and we hinted how we are going to exploit cohesive devices as potential signals of 

coherence relations. RST, as we mentioned earlier, has been adopted as the theoretical 

framework for our study, and we have explained the reasons for selecting RST over other 

theories for conducting our research. Finally, we have provided a brief discussion on the 

psychological aspects of coherence relations, and explained how we base our research 

claims crucially upon the psychological status of coherence relations. In the next chapter, 

we will discuss the signalling of coherence relations, and explore the psychological issues 

associated with the signals of relations in more detail. 
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Chapter 3. Signalling Coherence Relations 

In this chapter, we provide a review of the existing literature on the signalling of 

coherence relations. In particular, we focus on different types of signals in discourse, and 

discuss their role in discourse interpretation. 

Coherence relations, as mentioned earlier, can be indicated by various signals. We 

group major types of signals into two categories: discourse markers (DMs) and other 

signals. DMs are the most common signals in discourse, and they are easy to identify. 

Other signals include reference, semantic, syntactic or graphical features, and they 

remain relatively understudied in the discourse literature. In this chapter, we focus on 

both kinds of signals, and discuss how they are used to indicate relations in discourse. 

This chapter is organized as follows: Section 3.1 provides a brief review of 

previous studies on the signalling of coherence relations by DMs. In particular, we 

examine the status of DMs, and discuss their role in discourse understanding. We focus 

on two research areas, computational linguistics and psycholinguistics, in which the 

signalling by DMs is investigated. Section 3.2 is devoted to the signalling of relations by 

other signals. In particular, we review various studies in which the knowledge about 

numerous other signals is used to identify the presence and type of coherence relations in 

the absence of DMs. 

3.1. Signalling Coherence Relations by Discourse Markers 

Discourse markers (DMs) are generally considered to be the most prominent 

signals of coherence relations. Accordingly, DMs, among various signals, have been the 

centre of research on the signalling in discourse for a long time (Taboada & Mann, 

2006b). DMs in English have been extensively investigated in a number of studies 
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(Abraham, 1991; Aijmer, 1988, 2002; Andersen, 2001; Ariel, 1998; Bazzanella, 1990; 

Bell, 1994; Blakemore, 1987, 1992, 2002; Brinton, 1990, 1996; Carlson, 1984; Erman, 

1987, 2001; Fischer, 2000, 2006; Fraser, 1990, 1996, 1999, 2006, 2009; Goldberg, 1980; 

Grote, 2003; Grote et al., 1997; Jucker & Ziv, 1998; Knott, 1996; Knott & Dale, 1994; 

Knott & Sanders, 1998; Lenk, 1998; Louwerse & Mitchell, 2003; Maschler, 1997; 

Östman, 1981, 1995; Pit, 2003; Redeker, 1990, 1991; Sanders et al., 2007; Sanders et al., 

1992, 1993; Schiffrin, 1987, 2001; Schourup, 1985, 1999; Schwenter, 1996; Urgelles-

Coll, 2010; Wilson & Sperber, 1993).  

However, despite the overwhelming amount of research on DMs, researchers still 

have not come to consensus about DMs with respect to a few fundamental issues, such as 

the identity of DMs and the role they have in discourse. We highlight these two issues in 

the following two sub-sections, respectively. 

3.1.1. What are Discourse Markers? 

The problem of determining the identity of DMs centres around two theoretical 

issues: the terminology (what to call them) and the definition (what they are).  

Problem of Terminology 

DMs are known by different names in the discourse literature. Among the pool of 

various terms, the most frequently used expressions are discourse particles (Abraham, 

1991; Aijmer, 2002; Fischer, 2006; Kroon, 1998), cue phrases (Knott, 1996; Knott & 

Sanders, 1998), discourse connectives (Blakemore, 1987, 2002; Hall, 2007), discourse 

markers (Fraser, 1990, 1999, 2006, 2009; Iten, 2000; Lenk, 1998; Mosegaard-Hansen, 

2008; Schiffrin, 1987; Taboada, 2006), discourse operators (Redeker, 1990, 1991), 

discourse signalling devices (Polanyi & Scha, 1983), indicating devices (Dascal & 

Katriel, 1977; Katriel & Dascal, 1984), phatic connectives (Bazzanella, 1990), pragmatic 

expressions (Erman, 1987), pragmatic markers (Brinton, 1996; Erman, 2001; Fraser, 

1996), pragmatic operators (Ariel, 1998), pragmatic particles (Östman, 1995), semantic 
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conjuncts (Quirk et al., 1985), or even pesky little particles (Grimes, 1975), to name a 

few. 

Furthermore, it is also seen that a particular term denoting the concept is used by 

researchers towards different goals. Fraser (2009) provides an example of this: 

Under the term Discourse Connectives van Dijk (1979) was primarily 

interested in showing how semantic and pragmatic connectives were 

different, Schiffrin (1987, 2005) was interested in illustrating their use in 

discourse coherence, Fraser (2006) was concerned with their role in 

pragmatic interpretation, Sweetser (1990) was concerned with their 

function in pragmatic ambiguity, Ducrot (1980) used them to illustrate the 

subtleties of argumentation, while Blakemore (2002) was interested in 

them for how they illustrate the conceptual/procedural meaning distinction 

in relevance theory. (Fraser, 2009: 294) 

In the present study, we choose to use the term discourse marker (or DM). We 

prefer this term to others for three reasons. First, the term DM is currently the most 

popular term in practice, and it provides a greater understanding of the concept. Second, 

the choice of DM is functionally motivated. While competing terms, such as discourse 

particle, seem to contain more of a syntactic connotation, DMs are considered to 

constitute a functional class of expressions used to connect components in a discourse. 

Finally, the choice of the term DM is motivated by the objective of the present study. We 

examine the signalling (or marking) of coherence relations, and therefore, we feel that the 

term discourse marker (or DM) is perhaps the best candidate for representing the concept 

of signalling (or marking) in discourse. 

Problem of Definition 

Discourse theorists are also in disagreement over determining the definition of 

DMs. We touch upon three of the most influential accounts of DMs. 

One of the earliest and most exhaustive accounts of DMs is provided by Schiffrin 

(1987). Schiffrin defines DMs as “sequentially dependent elements which bracket units 

of talk” (Schiffrin, 1987: 31), and notes that DMs “add to discourse coherence” 
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(Schiffrin, 1987: 326). Schiffrin, based on an extensive sociolinguistic study, examines a 

number of expressions such as and, because, but, I mean, oh, so, then, well and y’know, 

and provides a number of conditions necessary for considering an expression to be a DM. 

These conditions include: (i) a DM should be syntactically detachable from a sentence; 

(ii) DMs should usually be used in the beginning of an utterance; (iii) a DM should 

contain a range of prosodic features; (iv) DMs should be able to operate at local as well 

as global levels of discourse; and (v) DMs should be able to function at different planes 

of discourse (exchange structure, action structure, ideational structure, etc.). According 

to Schiffrin, the class of DMs should comprise not only linguistic elements, but also 

paralinguistic features and non-verbal gestures. 

Blakemore (1987, 1992, 2002), working with the framework of Relevance Theory 

(Sperber & Wilson, 1995), defines DMs (she uses the term discourse connective) in terms 

of Grice’s conventional implicature (Grice, 1975). According to Blakemore, DMs are 

lexical expressions which direct the listeners or readers to the intended interpretation of a 

discourse by imposing constraints on the implicatures that one can draw from the 

discourse. 

…lexical expressions that constrain the interpretation of the utterances that 

contain them by virtue of the inferential connections they express.  

  (Blakemore, 1987: 105) 

Blakemore (2002) further argues that linguistic expressions are either conceptual 

(expressions contributing to explicatures) or procedural (expressions imposing constraints 

on implicatures) in nature, and DMs exclusively belong to the class of procedural 

expressions which can have both truth-conditional and non-truth conditional meanings. 

Fraser (1990, 1996, 1999, 2006, 2009) views DMs as constituting a subset of a 

superordinate class, called pragmatic markers (PMs). According to Fraser, PMs are 

proposition-initial free morphemes which signal a specific message either about or in 

addition to the basic message. DMs, under the cover term PMs, constitute a functional 

class of linguistic elements which are drawn from different syntactic classes, such as 
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conjunctions, adverbs and prepositional phrases. DMs connect discourse segments and 

signal a relation between them. Fraser distinguishes three types of DMs: (i) contrastive 

markers (they signal a direct or indirect contrast, e.g., although, but, despite), (ii) 

elaborative markers (they signal an elaboration in one discourse segment to the 

information contained in the other segment, e.g., and, for example, in particular), and 

(iii) inferential markers (they signal how a discourse segment provides a basis for 

inferring the other, e.g., as a result, because, thus). 

Although the three accounts of DMs outlined above are different from each other 

in various technical aspects, they highlight some of the most important characteristics of 

DMs. These characteristics include: DMs connect discourse segments, and signal the 

relation that holds between them; they generally occur in the beginning of an utterance; 

they contribute to discourse coherence; and they guide the interpretation of discourse. In 

the present study, we are interested in the ways coherence relations are signalled in 

discourse, and we thus consider DMs to be a set of functional elements contributing to 

the semantic and pragmatic interpretation of a text. Therefore, in order to identify the 

relations in our corpus signalled by DMs, we mainly follow Fraser’s (1999, 2006, 2009) 

definition, that is, DMs constitute a functional class of lexical expressions drawn from 

different syntactic classes (such as conjunctions, adverbials and prepositional phrases), 

and they connect discourse segments, signalling a semantic or pragmatic relationship 

between them. 

3.1.2. The Role of Discourse Markers in Discourse 

The role of DMs in signalling coherence relations is mainly investigated in two 

disciplines: computational linguistics and psycholinguistics. We briefly discuss some of 

the well-known studies on DMs from these two research areas in the following two 

subsections, respectively. 
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Discourse Markers in Computational Linguistics 

In computational linguistics, the role of DMs in discourse organization is 

investigated in various NLP applications, such as discourse parsing (Forbes et al., 2001; 

Le Thanh, 2007; Marcu, 2000; Pardo & Nunes, 2008; Schilder, 2002; Subba & Eugenio, 

2009), text summarization (Marcu, 1997) machine translation (Marcu et al., 2000; Rey, 

1997), knowledge acquisition from text (Barker, 1994) and natural language generation 

(Di Eugenio et al., 1997; Grote, 2003). 

In this subsection, we specifically focus on studies on DMs in discourse parsing. 

This is because we feel that the present study, with respect to its research objectives, 

comes closest to discourse parsing amongst all the other NLP applications mentioned 

above. Discourse parsing applications determine the discourse structure of unseen texts 

by identifying coherence relations holding between text segments. In our study, we 

investigate how signalling contributes to that identification of coherence relations in 

discourse. We outline here some of the most significant studies on discourse parsing 

which use DMs as one of the central sources of signalling information. 

One of the pioneering works in discourse parsing is provided by Marcu (2000). 

Marcu specifies a set of surface-based algorithms for automatically constructing 

rhetorical structures of unseen texts. These algorithms follow a series of sequences: 

identifying discourse usage of cue phrases (or DMs), segmenting sentences into clauses, 

hypothesizing rhetorical (or coherence) relations that hold between textual units, and 

finally constructing tree structures for natural language texts. Marcu uses more than 450 

DMs, and exploits the occurrence of those DMs in terms of a number of criteria. These 

criteria include marker (the orthographical environments of DMs), usage (sentential, 

discourse or semantic roles of DMs), position of DMs (in a clause), where to link (the 

position of a DM with respect to its host segment), rhetorical relation (the relations 

signalled by the DM involved) and types of textual units (clauses or multiple paragraphs) 

joined by a DM. Marcu’s algorithms are based on a corpus analysis of cue phrases (or 

DMs), and they rely on a first-order formalization of rhetorical structure trees. 
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DMs play an important role in Schilder’s (2002) discourse parsing system. 

Schilder’s algorithm works in the following way: (i) the linguistic knowledge about DMs 

is employed to derive the partial discourse structure of a text, and the rest of the discourse 

is left underspecified, (ii) for the underspecified discourse, discourse units are given 

topicality scores according to the degree of closeness to the main topic(s) of the 

discourse, thereby making the underspecified part fully specified, and (iii) finally, the 

topicality score is adjusted for those sentences that occur in significant positions in that 

discourse. One of the unique features of Schilder’s system is that the algorithm is not 

confined to a particular theory; rather, it can be adapted to any discourse framework and 

applied to any sort of texts. 

Le Thanh (2007) presents a discourse parsing system, DAS (Discourse Analysing 

System), in which the knowledge of lexical cues such as overt cue phrases (or DMs), NP 

cues, VP cues and other cohesive devices is used for automatically producing text 

structures. Le Thanh notes that different types of lexical cues have different strengths in 

signalling coherence relations, and DMs function as the most explicit signals among all 

signalling devices. DAS, in addition to various lexical cues, also makes use of constrains 

of textual adjacency and textual organization for automatically generating the discourse 

structure of a text. 

Pardo and Nunes (2008) develop a symbolic cue phrase-based discourse parser, 

called DiZer, for Brazilian Portuguese. Based on the framework of RST (Mann & 

Thompson, 1988), DiZer makes use of discourse templates that specify correspondences 

between certain coherence relations and cue phrases (or DMs) used to signal them. For 

example, a template for Otherwise relation signalled by the DM ou, alternativamente (in 

Portuguese) can be specified in the following way: When the DM ou, alternativamente is 

used to signal an Otherwise relation, the satellite will precede the nucleus, and the DM 

ou, alternativamente will occur in the satellite. Pardo and Nunes use about 750 templates 

which are manually extracted from a corpus of scientific texts. Results show that DiZer 

not only performs satisfactorily in parsing scientific texts, but it also exhibits potentials 

for accurately determining the discourse structures for texts from other genres, such as 
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newspaper. Pardo and Nunes conclude that the genre-independent success of DiZer can 

be attributed to the extensive use of DMs across text genres and domains. 

Subba and Di Eugenio (2009) present a discourse parser which exploits 

compositional semantics and information on the structure of text segments for 

determining coherence relations between discourse segments. The parser is based on a 

modified shift-reduce algorithm, and it uses a rhetorical relation classifier which 

determines the site of attachment of a new incoming chunk together with the appropriate 

relation label. The classifier is built upon a number of rules based on different linguistic 

information which crucially include the knowledge of cue phrases or more specifically 

DMs. 

Hernault et al. (2010) developed a discourse parser called HILDA (High Level 

Discourse Analyzer) based on RST (Mann & Thompson, 1988) and Support Vector 

Machine (SVM) (Vapnik, 1995) classification. For determining the presence of 

coherence relations, the authors used the knowledge of cue phrases (DMs) along with the 

shallow syntactic information. Following the framework of HILDA, Feng and Hirst 

(2012) developed a discourse parser in which the knowledge of DMs and their 

distribution (occurrence of DMs in nucleus or satellite, and also in the beginning, middle 

or end position of a span) was effectively used for identifying coherence relations. 

The role of temporal signals (DMs such as as soon as, before, after and when) in 

determining temporal relations is investigated by Derczynski and Gaizauskas (2013). 

Using a signal-curated version of TimeBank (Pustejovsky et al., 2003), a corpus 

annotated for temporal relations, the authors trained a number of classifiers in order to 

automatically identify temporal relations. The results show the temporal signals are 

highly effective in recognizing temporal relations, including both event-event and event-

time relation types. 

In the D-LTAG (Discourse-Lexicalized Tree Adjoining Grammar) discourse 

parsing system (Forbes et al., 2001) and also later in the Penn Discourse Treebank 

(PDTB) project (Prasad et al., 2008), discourse connectives (equivalent to DMs) play a 
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vital role in producing text structures. In both the D-LTAG and the PDTB, it is assumed 

that the compositional aspects of semantics at the discourse level are parallel to those at 

the sentence level. Discourse connectives in the D-LTAG framework are considered to be 

the predicates in the discourse level, and just like the ways sentential predicates have 

arguments, discourse connectives as discourse predicates are assumed take as their 

arguments two text units which they connect. The connectives in the PDTB are classified 

into two categories: explicit and implicit connectives. Explicit connectives belong to 

syntactic classes, such as conjunctions and adverbial phrases, and they are actually 

present in a discourse connecting two discourse arguments. For implicit connectives, a 

relation holds between two discourse arguments which are not connected by an overt 

connective. In such cases, an external explicit connective, which could best express the 

relation, is inserted between the discourse arguments.  

We see that DMs, in all those studies mentioned above, are used as one of the 

most advantageous tools for determining coherence relations. It is also important to note 

that while coherence relations are often signalled by DMs, the correlation between DMs 

and the relations they signal is not one-to-one; but, in most cases, it is one-to-many. For 

instance, while a single relation can be signalled by a number of DMs (e.g., Condition is 

signalled by a number of DMs, such as if, unless, given and since), a single DM can also 

indicate a number of relations (e.g., the DM ‘but’ is used to indicate different relations, 

such as Contrast, Concession and Antithesis). As a result, the information solely based on 

the list of DMs indicative of particular relations sometimes proves to be insufficient for 

determining relations in unseen texts. As a solution to this problem, discourse parsing 

systems often rely on different criteria or heuristics in order to specify the accurate 

relationship between relations and DMs in a more straightforward way. For instance, 

Marcu (2000) imposes specific conditions upon the usage of DMs, and Pardo and Nunes 

(2008) employ different templates based on the information of the distribution (position 

of occurrence) of DMs. 
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Discourse Markers in Psycholinguistics 

Research on text processing shows that connectedness in a discourse is a mental 

phenomenon, and language users, when interpreting a discourse, make a coherent 

representation of the information from that discourse (Sanders & Spooren, 2007). This 

representation is aided by connecting different parts of the discourse with appropriate 

coherence relations. Cognitive linguists often hypothesize that if coherence relations play 

a significant role in establishing the mental representation of a coherent discourse, then 

the linguistic signals of coherence relations must have some influence on the reading 

process, and also on the mental representation that a reader achieves after reading. DMs, 

in psycholinguistic studies, are considered to be the processing instructions which guide 

the readers to recognize the coherence relations that hold between text segments.  

The linguistic marker
2
 facilitates the appropriate encoding of the 

coherence relation, with the result that, initially, the relational information 

is more available. In the unmarked condition the coherence relation is 

established as well, but there it requires more time to establish the relation 

because it has to be derived on the basis of the content of the clauses 

without being facilitated by the marker.  

  (Sanders & Noordman, 2000: 54) 

… they [DMs] help to integrate new information with the information 

stated previously. In the absence of such instructions, readers have to 

determine for themselves what coherence relation connects the incoming 

segment to the previous discourse. (Sanders et al., 2007: 220) 

Subsequently, it is assumed that DMs must have a positive influence on the readers’ 

understanding of a discourse and on the readers’ recall performance in retrieving the 

textual information. 

The majority of psycholinguistic studies in text processing provide empirical 

evidence to the claim that DMs accelerate text processing, i.e., the presence of DMs, 

 
2 The term linguistic marker in Sanders and Noordman’s (2000) description is synonymous with 

DM. 
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during reading tasks, leads to a faster processing of the immediately following text 

segment (Britton et al., 1982; Gaddy et al., 2001; Haberlandt, 1982; Sanders & 

Noordman, 2000; Sanders et al., 1992). However, studies on the influence of DMs on 

mental representation show a somewhat mixed pattern. For instance, some studies 

suggest that the presence of DMs have a positive effect on the mental representation of a 

discourse, that is, subjects perform better while a DM is present (Loman & Mayer, 1983; 

Lorch & Lorch, 1986; Meyer et al., 1980; Millis & Just, 1994). In contrast, studies such 

as Meyer (1975), Sanders (1992), Sanders and Noordman (2000), and Spyridakis & 

Standal (1987) show that DMs do not contribute to cognitive representation, and they do 

not have any significant effect on it. Furthermore, some scholars even claim that DMs 

have a negative influence on the readers’ recall performance, and they hinder the process 

of cognitive representations (Millis et al., 1993). In this sub-section, we provide a brief 

review of some of the well-known psycholinguistic studies which investigate the role of 

DMs in the processing of discourse and its mental representation. 

Meyer (1975), in one of the earliest studies on the role of DMs on text 

representations, showed that DMs did not have any influence on the readers’ immediate 

and delayed recall performance. However, Meyer et al. (1980) found that subjects, while 

reading expository texts (texts with DMs), were successful in reproducing the content of 

the original texts. They also noticed that in the immediate recall tasks, the subjects’ 

reproductions were highly affected by the literal rendering of the original texts, that is, in 

the immediate recall just after the reading tasks, the subjects reproduced the identical 

words and DMs from the original text. However, in the delayed recall, this effect partly 

disappeared, and subjects often replaced the words from the original texts by new words 

in their reproductions. 

Britton et al. (1982) investigated the effect DMs on online text processing in a 

secondary task technique. The authors found no significant effect of DMs on the amount 

of information retrieved by the readers in the free recall tasks. But they noticed that DMs 

resulted in a faster processing of discourse in a secondary reading task. Haberlandt (1982) 
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also examined the online effect of DMs, and reported similar results, that is, sentences 

containing DMs were processed at a faster rate than sentences without DMs. 

The effect of DMs on text processing was examined by Millis and Just (1994) in 

the context of immediate free recall. In Millis and Just’s experiments, the subjects were 

given two clauses for the reading task. The clauses were either signalled or not signalled 

by a DM, and one of the clauses might contain a probe word. It was seen that subjects 

consistently took shorter recognition time in going from the first clause to the probe word 

when the clauses were signalled by a DM. They also found that the subjects performed 

better in providing faster and more accurate responses to comprehension questions when 

clauses were signalled by a DM. 

Rickards et al. (1997) suggested that text representation in expository discourse is 

determined by the degree of subjects’ involvement in the recall tasks. In their experiment, 

the subjects showed average level recall performances when they were exposed only to 

the listening tasks, but their performances rose up significantly when they were forced to 

process information more deeply in a task requiring taking notes while listening.  

Sanders and Noordman (2000) investigated the role of coherence relations (causal 

vs. additive) and their linguistic marking (DMs vs. no DMs) in text processing. In an 

experiment involving reading, verification, and free recall tasks, Sanders and Noordman 

found that text processing was influenced by both relations and their marking. In 

particular, the processing of a text segment was dependent on the type of relation. For 

instance, text segments were processed faster, verified better, and resulted in superior 

recall for Problem-Solution (causal) relations. With respect to the linguistic marking, the 

results showed that the presence of DMs speeded up text processing, but they did not 

seem to have any significant effect on recall. In contrast, the influence of relation types 

on text processing resulted in better retention of discourse. 

The reported contradictions with respect to the impact of DMs on text 

representation are addressed by Degand and Sanders (2002). Degand and Sanders 

identify several possible factors responsible for the inconsistent patterns documented in 
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different psycholinguistic studies: First, the category of DMs or linguistic markers in 

most of these studies lacked an appropriate definition. There are two types of signals, 

importance signals (signalling entities) and relational signals (signalling relations), and 

they can have different kinds of impact on text representations. Second, in experimental 

text construction, DMs were often treated as mere linguistic elements connecting text 

segments, and their meanings were not taken into consideration. However, the 

understanding of a discourse is often achieved by aligning the relational meanings of 

DMs and the meaning of the contents of the segments they connect. Third, the recall 

methods used in many studies could be too broad to register the true impact of DMs on 

text representation. Degand and Sanders suggest that recall methods are not sufficiently 

sensitive to the effects of DMs, and other methods, such as recognition, question-

answering and sorting can be considered in place of recall. Finally, many of these studies 

neglected other factors, such as readers’ prior knowledge of the content domain of the 

discourse and readers’ goal, which could also be determining factors for establishing text 

representation. 

Degand and Sanders (2002) themselves investigated the impact of DMs on 

expository text comprehension in L1 and L2. In order to eradicate the possible influences 

of above-mentioned interfering factors, the authors designed the experiment based on a 

number of constraints. First, they limited the scope of the study only to causal relations 

(also choice of DMs, signalling only causal relations), and then to a particular text type 

(expository text). Second, they used only subjects who did not have any prior knowledge 

about the content of the discourse. Finally, they also used an open question-answering 

method in place of recall. Results showed that both L1 and L2 readers benefited from the 

presence of causal DMs in text representation. 

The role of coherence marking and prior knowledge in text representation was 

investigated by Kamalski (2007). In an experiment involving two groups of students, 

high knowledge readers (with prior knowledge) and low knowledge readers (without 

prior knowledge), Kamalski examined the impact of DMs on the readers’ understanding 

of the text contents in two different genres represented by informative and persuasive 



 

51 

texts. Results showed that while the low knowledge readers had a better understanding of 

the explicit text (with DMs), the high knowledge readers had a better understanding of 

the implicit text (without DMs). On the other hand, the presence of the DMs in the 

persuasive genre proved to be beneficial for the comprehension for both types of readers. 

Mulder (2008) examined the role of DMs in the comprehension of causal 

relations. Mulder hypothesized that the presence of DMs (such as because) would have a 

speeding-up effect in understanding causal relations. The results, however, were contrary 

to the expectation. There was no significant effect of the presence of DMs on the 

processing time and readers’ mental representations as the subjects’ performance 

remained the same in reading time and verification tasks for both explicit (with DMs) and 

implicit (without DMs) versions. 

Cevasco (2009) investigated the role of DMs in the comprehension of 

spontaneous spoken discourse. Cevasco examined the impact of the DM but in the 

realization of causal inferences and the integration of adjacent segments in the context of 

two tasks, a judgement task and a word-monitoring task, respectively. Results showed 

that in the judgement task, DMs led to a shorter reaction time for the realization of causal 

inferences. However, in the word-monitoring task, no significant effect of DMs on the 

integration of adjacent segments was found. Cevasco suggested that the lack of an effect 

of DMs in the word-monitoring task could be attributed to the inappropriate task design 

which probably influenced the subjects to focus on the surface information, and not on 

the representation of the coherence relations in the text. Cevasco concluded that listeners 

were able to construct coherent relations among the segments of a discourse, and the 

presence of DMs facilitated them to create and decide on the existence of the correct 

coherence relations. 

The influence of DMs on young readers’ processing and comprehension of text 

was investigated by Cain and Nash (2011). Using online and offline tasks, the authors 

examined young readers’ knowledge, processing, and comprehension of temporal, causal, 

and adversative DMs. It was found that in the offline task the 10 year old children 
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performed better than the 8 year old children in identifying temporal and adversative 

DMs. Furthermore, 10 year old children were more successful than the younger group in 

discriminating the relations between text segments joined by appropriate DMs from those 

joined by inappropriate DMs. In the online task, the influence of DMs on the processing 

of text was registered for both age groups: The target sequences of clauses joined by 

appropriate DMs were read by both age groups more quickly than the sequences joined 

by inappropriate DMs, or not joined by a DM.  Furthermore, compared to the 

performance by adult subjects, both age groups were seen to perform poorly in both 

offline and online tasks. Cain and Nash concluded that the cognitive development of the 

knowledge about DMs among young children is still an ongoing activity, and DMs 

facilitate text processing for typically developing readers. 

We see that the presence of DMs in all the above-mentioned studies is shown to 

be facilitative for text processing, although their effect on text representation is still a 

matter of controversy. In the present study, we consider DMs to be one type of signals 

which are used to indicate coherence relations. We examine the relationship between 

DMs and coherence relations in the context of a corpus experiment, and this is the reason 

why our study is methodologically different from all these studies mentioned above. 

Nevertheless, we strongly believe that coherence relations are psychologically 

recognized, and since they are recognized, their recognition must be achieved by means 

of signals. DMs, as the majority of the above-mentioned studies show, contribute to the 

recognition of coherence relations. We investigate different types of coherence relations 

which are signalled by a particular DM, and also different DMs which are used to signal 

a particular relation. In other words, in our corpus analysis we examine two particular 

issues: How a particular coherence relation is conveyed with respect to the different DMs 

used, and how a DM is used with respect to the different types of relations signalled by it.  
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3.2. Signalling Coherence Relations by Other Signals 

Coherence relations, as we have seen in the previous section, are often signalled 

by DMs, and accordingly, DMs are used as useful signals for identifying relations in 

texts. However, strategies for identifying relations solely based on DMs often appear to 

be inadequate since DMs account only for a small number of relations in discourse. As a 

solution to this problem, researchers also focus on different textual features (other than 

DMs) which can function as potential signals of coherence relations in the absence of 

DMs. 

In this section, we outline a few studies which either address the issue of 

signalling beyond DMs, or attempt to identify coherence relations using other textual 

features. There is one important reason for consulting these studies, and that is directly 

related to the objective of the present study. We investigate the signalling of coherence 

relations, and one of our research goals is to find as many signals of relations as possible 

(See Chapter 5 for more detail). For that purpose, we have selected a corpus, the RST 

Discourse Treebank (Carlson et al., 2002) which is already annotated for rhetorical 

(coherence) relations. We examine each and every relation in the corpus, and identify the 

signal(s) which is used to signal those relations. In addition, we add a new layer of 

annotation of signalling information to the existing relations in the corpus. As a starting 

point of the annotation process, we have done beforehand an exhaustive listing of all 

possible signals of coherence relations. The most important aspect in listing the signals 

involves selecting and classifying the types of signals to annotate. DMs are relatively 

easy to identify. Beyond DMs, we find different types of other signals that we have 

identified in our preliminary corpus study (Das & Taboada, 2013a; Taboada & Das, 

2013), or that have been mentioned in previous studies on the signalling in discourse. 

Thus, we attempt to cover an extensive kind of literature review on the signalling of 

coherence relations (beyond DMs) in order to prepare a strong database (or taxonomy) of 

signals. The complete database (with description of all signals, their classification and 

examples from the corpus) is provided in Appendix B.  
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This section is divided into three parts. Section 3.2.1 highlights some studies on 

computational discourse analysis (discourse parsing, in particular) in which different 

types of other signals are used to identify coherence relations from unseen texts. In 

Section 3.2.2, we describe a few studies which attempt to automatically determine the 

presence or type of coherence relations, using the Penn Discourse Treebank (Prasad et al., 

2008). Finally, Section 3.2.3 discusses some of the best known studies in computational 

linguistics which deal with the automatic identification of coherence relations using 

probabilistic methods. 

3.2.1. Computational Discourse Analysis using Other Signals 

In computational discourse analysis systems, particularly in discourse parsing 

applications, the goal is to build the discourse structure of an unseen text by determining 

the coherence relations that hold between the text segments. Thus, studies on 

computational discourse analysis (or discourse parsing) extensively use the knowledge 

about textual signals for developing text structures. Previously, we discussed the role of 

DMs in discourse parsing (see Section 3.1.2). In the present section, we provide a brief 

review of some of the well-known studies which use other signals for identifying 

relations and building discourse structures. 

Scott and de Souza (1990) showed that syntactic features could sometimes serve 

as indicators for certain relations. For instance, in a main-relative clausal construction, 

one can infer the presence of an Elaboration relation in the following way: The head 

noun in the main clause can denote the entity that is elaborated on in the relative clause. 

Furthermore, syntactic devices such as tense and mood could also be used as signals of 

certain relations. For example, in Brazilian Portuguese, subjunctive mood is a good 

predictor of Concession relations (those marked with embora). 

Corston-Oliver (1998) used modules for anaphora resolution and ellipsis as 

signals of relations in RASTA (Rhetorical Structure Theory Analyzer), a discourse 

analysis component within the Microsoft English Grammar. RASTA takes fully 
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syntactically analysed sentences as input, and determines the coherence relations by 

applying heuristics based on a variety of linguistic cues, such as clausal status, anaphora 

and deixis. In addition, syntactic features are also used in RASTA for both identifying 

relations, and reducing the number of possible incorrect relations that can hold between 

two text spans. These features include tense (present or past), aspect (stative or 

progressive) and polarity (positive or negative). 

Marcu (1999) presented a shift-reduce parsing algorithm which learned to 

construct discourse structures of texts from a corpus of discourse-parse action sequences. 

The system exploited a variety of lexical, syntactic and semantic knowledge sources for 

identifying coherence relations. In a later study, Marcu (2000) mainly used various 

properties of DMs for determining the discourse structure of unrestricted texts. However, 

he found that signalling devices such as lexical chains and certain cohesive devices 

(Halliday & Hasan, 1976) were also useful in identifying relations such as Elaboration, 

Joint and Background. 

Dale (1991a, 1991b) stressed the role of punctuation and graphical features in 

signalling coherence relations. According to Dale, punctuation markers (such as commas, 

colons, semi-colons, dashes and parentheses) and graphical markers (such as the use of 

paragraph breaks and itemized or enumerated lists) play an important role in signalling 

structural relations in written discourse. For instance, a dash can be used to signal an 

Elaboration or a Cause relation. Dale also notes that the correlation between the 

punctuation (also graphical markers) and coherence relations they signal is not one-to-

one; however, these markers can be used to isolate a set of a limited number of relations 

which are signalled by them. 

The role of textual layout in indicating structural relations in a discourse was 

emphasized by Bateman et al. (2001). The authors suggested that a well-organized textual 

layout was sometimes crucial for achieving presentational coherence. Bateman et al. 

introduced an integrated approach to layout, text and diagram generation in which layout 

was treated as an essential and complex part of the overall text generation system. 
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Thomas et al. (2010) highlighted the effectiveness of graphical signals in 

understanding discourse structure. The authors introduced a framework for annotating 

graphical signals of discourse, and concluded that signals such as layout, spacing, bullets 

and various typographical realizations of verbal elements contributed to the 

understanding of coherence relations and discourse organization. 

Lorch et al. (2011) suggested that textual signals such as headings, typographical 

variations, bullets/numbering and preview sentences can play an important role in 

discourse organization. Lorch et al. proposed a theory of signalling in discourse, called 

SARA (signalling available, relevant, acceptable), and investigated the role of text 

headings (such as introduction and conclusion) in text processing. The authors reported 

that the use of headings helped readers successfully identify the text topics, label parts of 

a text, and demarcate underlying text boundaries. 

Polanyi et al. (2004) presented a rule based approach to discourse parsing in 

which different linguistic signals were used to determine text structures. These signals 

included lexical information (such as knowledge of lexemes, synonym/antonym and 

hypernym), syntactic information (such as parallel syntactic structure, topic/focus and 

centering information, syntactic status of lexemes and adverbials), and semantic 

information (such as realis status and genericity). 

Le Thanh (2007) exploited the knowledge of DMs and many other signals in 

order to determine coherence relations in a discourse parsing system, called DAS 

(Discourse Analysing System). The other signals used in Le Thanh’s experiment included 

the following features. 

 NP cues and VP cues: Certain noun phrase cues (e.g., the NP ‘the result’ as an 

indicator of Result relations) and verb phrase cues (e.g., the VP ‘means’ (from ‘to 

mean’) as an indicator of Interpretation relations) were used. 

 Syntactic information: Symmetric and asymmetric relations were determined 

based on certain syntactic features. For instance, in a reported speech, the 
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reporting clause was considered to be the satellite while the reported clause was 

the nucleus. 

 Time references: Changes in time references (e.g., from present to past) were used 

to indicate relations such as Hypothetical, Elaboration and Cause. 

 Reiterative devices: Reiterative devices, such as repetition, synonyms (e.g., 

employer/boss), hypernyms/hyponyms (e.g., country/Mexico), co-hyponyms (e.g., 

United Kingdom/Mexico), and antonyms (e.g., simple/complex) were useful in 

identifying certain relations. For example, a Contrast relation often occurs when 

most words in two spans are similar, and one span contains the word ‘not’. A 

multinuclear relation (such as Contrast and List) often exists between spans 

whose main noun phrases are co-hyponyms or antonyms. 

Theijssen (2007) and Theijssen et al. (2008) investigated various linguistic 

features which could be used as potential signals for identifying coherence relations 

between multi-sentential discourse units (text spans consisting of two or more sentences) 

within same paragraphs. These features included surface features (such as proper nouns, 

POS tags and length of spans), syntactic features (such as syntactic similarity, tense and 

aspect), lexical features (such as cue phrases, word overlap, word similarity and time 

references), reference features (such as personal pronouns and definite articles), and 

discourse features (such as position in the text and continuous punctuation). Theijssen et 

al. (2008) reported that, among these features, the determination of coherence relations 

was best achieved by syntactic similarity, word overlap, word similarity, continuous 

punctuation and many reference features. On the other hand, features such as time 

references, proper nouns and definite articles were useful for introducing new topics or 

arguments in a discourse. 

In DiZer, a Brazilian Portuguese discourse parser, Pardo and Nunes (2008) and 

later Maziero et al. (2011) used a large number of discourse templates for identifying 

coherence relations. These templates were mainly created based on the distribution 

(position of occurrence) of DMs. However, in the absence of DMs, the templates were 
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also built on patterns comprising indicative words and phrases. These words and phrases 

represent certain morphosyntactic information, lemma and specific genre-related 

information which are helpful for identifying relations. In addition, several heuristics 

based on the contextual knowledge associated with particular relations were also 

exploited in DiZer for constructing text structures. 

Berzlánovich and Redeker (2012) investigated the interaction between coherence 

and lexical cohesion in expository (encyclopedia entries) and persuasive texts 

(fundraising letters). The authors distinguished genre differences in terms of genre-

specific moves, and analyzed coherence structure with respect to different types of lexical 

cohesion, such as repetitions, systematic semantic relations and collocations. Results 

showed that the contribution of lexical cohesion to discourse organization varies across 

genre. In particular, coherence and lexical cohesion were closely aligned in the 

expository genre, but not in the persuasive genre. 

Thus, we see that discourse analysts, in the absence of DMs, often depend on 

different types of other signals for determining coherence relations in unseen texts. These 

above-mentioned studies provide evidence to the claim that coherence relations in a 

discourse can be present without DMs, and they can be identified using other signals. We 

make a note of all the relevant signals from these studies, and include them in our 

taxonomy of other signals. 

3.2.2. Treatment of Implicit Connectives in the PDTB 

Using the Penn Discourse Treebank (Prasad et al., 2008), a number of studies 

have been published investigating the role of connectives (equivalent to DMs) and other 

linguistic devices in determining discourse structures. In this section, we provide a brief 

overview of the development of the research on relations and their signals in the PDTB. 

The Penn Discourse Treebank or the PDTB (Prasad et al., 2008) is a large scale 

corpus (containing one million words) annotated with the information related to discourse 

structure and discourse semantics. In the PDTB, discourse relations are defined in terms 
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of predicate-argument structures in which a discourse connective (such as because) is 

considered to be a discourse predicate, and the associated two text spans are considered 

to be its two discourse arguments. The argument hosting a discourse connective is called 

ARG2, and the other argument is called ARG1. Discourse relations (equivalent to 

coherence relations) in the PDTB are divided into three categories: explicit relations, 

implicit relations and AltLex (alternative lexicalization) relations. By definition, an 

explicit relation contains a discourse connective attached to ARG2. On the other hand, an 

implicit relation contains no connective, and in such cases, the annotator infers the 

relations, and inserts an extra connective that best reflects the relation
3
. In AltLex 

relations, the insertion of an extra connective (as in case of implicit relations) between 

adjacent text spans leads to a redundancy in the expression of the relations, and these 

relations are considered to be alternatively lexicalized by indicative phrases. Furthermore, 

the PDTB, in the absence of any valid relation, distinguishes two more situations: EntRel 

(entity-based coherence) and NoRel (no relation). In EntRel, there is no relation between 

the text spans, and the second argument serves to provide some additional information 

about an entity mentioned in the first argument. On the other hand, NoRel refers to those 

cases in which neither a discourse relation nor an entity-based coherence can be inferred. 

Prasad et al. (2010) provide three conditions for categorizing Altlex, EntRel and NoRel. 

The conditions can be described on part of an annotator, as follows: 

(a) “there is a relation between these sentences but I cannot think of a 

connective to insert between them”, (b) “there is a relation between the 

sentences for which I can think of a connective, but it doesn’t sound 

good”, and (c) “there is no relation between the sentences”.  

  (Prasad et al., 2010: 1025) 

Condition (a) represents EntRel while AltLex is associated with condition (b). On the 

other hand, condition (c) is represents NoRel. 

 
3  The notion of conceptualizing an implicit relation through the insertion of an extra DM 

between text spans dates back to Martin (1992), who distinguishes between explicit and 

implicit relations in terms of the presence or absence of an explicit conjunction between text 

segments. 
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The corpus analysis of these five situations in the PDTB shows the following 

distributions (out of a total of 40,600 tokens annotated) – (i) explicit: 18459 (45.47%), 

(ii) implicit: 16053 (39.54%), (iii) AltLex: 624 (1.54%), (iv) EntRel: 5210 (12.83%), and 

(v) NoRel: 254 (0.63%). 

Relations in the PDTB (explicit, implicit and AltLex) are organized in terms of a 

three level hierarchy of relation tags. In the top level, called the class level, there are four 

major classes: TEMPORAL, CONTINGENCY, COMPARISON, and EXPANSION. Each 

major class is further divided into certain relation types in the second level. For instance, 

the class COMPARISON is divided into four relation types: Contrast, Pragmatic 

Contrast, Concession and Pragmatic Concession. In the third level, the relation types are 

further divided into specific relations that actually exist between adjacent text spans. For 

example, the type Contrast (under the class COMPARISON) has two specific relations: 

juxtaposition and opposition. The following diagram in Figure 11 shows a simplified 

version of the PDTB relation hierarchy (Prasad et al., 2008). Note: the subcategories are 

only illustrative, and not exhaustive. 

 

Figure 11: Relation hierarchy in the PDTB 

Within the PDTB framework, attempts to identify implicit relations in unseen 

texts have been made in a number of studies. For instance, Lin et al. (2009) developed a 

classifier for implicit discourse relation types (relations in the second level of the PDTB 

hierarchy) based on features, such as contextual modeling of relation dependencies, 

features extracted from constituent parse trees and dependency parse trees, and word 

pair features. However, the analysis showed that the system failed to produce satisfactory 

results, as it only achieved an accuracy of 40.2% (although there was an improvement of 
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14.1% over the majority baseline). The authors identify the following factors for the 

unsatisfactory performance of the system. 

 Ambiguity among relations: Sometimes the relations are very similar to each 

other in terms of words, syntax and semantics, and they are very hard to 

distinguish. As a result, Contrast relations are often mistakenly identified as 

Conjunction relations. 

 Inference: Some relations based on inference are confused with relations based on 

world knowledge. 

 Context: The selection of argument spans in the PDTB is based on the minimality 

principle which considers only the minimal spans necessary for recognizing the 

relations. However, in some cases the determination of a relation requires the 

consideration of the larger contexts which is not covered by the arguments’ spans. 

 World knowledge: Sometimes, relations can be identified only on the basis of 

world knowledge which cannot be extracted from the text itself. 

Lin et al., therefore, suggest that an implicit discourse relation classification system needs 

deeper semantic representations, more robust system design, and access to more external 

knowledge. 

Pitler et al. (2009), in a series of experiments, examined the effectiveness of 

various lexical and semantic features for identifying the major classes of relations in the 

PDTB hierarchy. These features included polarity tags (category of words representing 

polarity values such as negated and non-negated positive, negative, and neutral), inquirer 

tags (category of words/arguments in terms of binary values such as Understatement vs. 

Overstatement, Rise vs. Fall, and Pleasure vs. Pain), verb information (the classes of 

verbs as categorized in Levin’s (1993) verb taxonomy), first-last, first3 (the first and last 

words/the first three words of a relation’s arguments), modality (modal verbs such as can, 
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should and may), context (whether the preceding or the following relation is explicit), and 

word pairs (pair of words comprising one word drawn from each argument). 

Pitler et al.’s (2009) experiments also examined the relative strength of features in 

accurately identifying the first four major classes of relations in the PDTB hierarchy. 

Results showed that features such as first-last, first3 and context were the most useful 

signals for identifying COMPARISON relations. On the other hand, CONTINGENCY 

relations were best conveyed through the verb information and first-last/first3 features. 

For EXPANSION relations, features such as polarity tags, Inquirer tags and context were 

the most useful factors, while the feature first-last/first3 was again helpful for 

recognizing TEMPORAL relations. 

Louis et al. (2010), in an attempt to automatically distinguish the major relation 

classes of implicit relations, examined the association between discourse relations and the 

properties of the referring expressions that appear in the related sentences. The entity 

related features exploited by Louis et al. included grammatical role (whether an NP is the 

subject of a main clause, subject of other clauses in the sentence or a noun phrase not in 

the subject position), given vs. new (whether an entity is introduced for the first time or 

mentioned earlier), syntactic realizations (the POS tags associated with the head of the 

noun phrase, such as pronoun, nominal, name and expletive), modification (the presence 

of a premodifier or postmodifier in a referring expression), topicalization (the presence of 

a preposed prepositional or adverbial phrase before the subject of a sentence) and number 

(whether the entity is singular or plural). 

Louis et al. (2010) found that features such as coreference, givenness, syntactic 

form and grammatical role of entities were useful in predicting the implicit relation 

classes between adjacent sentences. However, with respect to developing automatic 

discourse parsers, these entity features were less likely to be useful since they did not 

outperform (or complement) the simpler lexical features. 

With respect to AltLex relations, Prasad et al. (2010), provide some insight about 

their nature and types. Prasad et al. note that AltLex includes three types of expressions: 
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(1) those which have two parts, one referring to the relation and another anaphorically 

referring to ARG1; (2) those which have just one part referring anaphorically to ARG1; 

(3) those which have just one part referring to the relation. An example (of the first type) 

of AltLex is given below (the elements representing AltLex in the text is in boldface and 

within square brackets). 

(16) And she further stunned her listeners by revealing her secret garden design 

method: Commissioning a friend to spend “five or six thousand dollars… 

on books that I ultimately cut up.” AltLex [After that], the layout had 

been easy. 

Prasad et al. suggest that the set of AltLex markers is open-ended, and is drawn 

from a wider variety of syntactic types. In particular, AltLex expressions can be divided 

into three classes based on their lexico-syntactic properties: (i) syntactically admitted and 

lexically frozen (such as quite the contrary, for one thing and as well), (ii) syntactically 

free and lexically frozen (such as What’s more, Never mind that and To begin with), and 

(iii) syntactically and lexically free (such as That compares with, After these payments 

and That would follow). Prasad et al. (2010) also report that the majority of AltLex 

annotations in the PDTB consist of the third type (syntactically and lexically free) of 

AltLex expressions (76.6%) while the first type (syntactically admitted and lexically 

frozen) and the third type (syntactically and lexically free) comprise only 14.7% and 

8.7% of all the AltLex annotations, respectively. 

Finally, EntRel annotations are characterized by those situations in which the 

same entity is realized in both sentences, either directly or indirectly. An example of 

EntRel is provided below (the elements representing EntRel is in boldface and within 

square brackets). 

(17) Hale Milgrim, 41 years old, senior vice president, marketing at Elecktra 

Entertainment Inc., was named president of Capitol Records Inc., a unit of 

this entertainment concern. EntRel [Mr. Milgrim succeeds David 

Berman, who resigned last month]. 
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EntRel annotations are not associated with any sense or relations (according to the 

PDTB annotation scheme) as their labels are self-evident of their semantic type. There 

has not been any significant research on EntRel in the PDTB so far, and thus, the status 

of EntRel is rather unexplored compared to that of the explicit and implicit relations, and 

AltLex, to some extent. 

In the PDTB studies mentioned above, we notice at least three significant issues 

which, we feel, are extremely relevant to our present study. First, in the PDTB, only 46% 

relations are explicit (Prasad et al., 2007). This suggests that relations without a 

connective (or DMs) comprise a large portion (in fact, the majority) of text. Second, we 

believe that coherence relations, in the absence of DMs, can often (if not always) be 

identified by other signals, and the above-mentioned PDTB studies (Louis et al., 2010; 

Pitler et al., 2009) provide evidence for this belief. Finally, the PDTB studies used a wide 

variety of other signals. The knowledge of these signals offers a solid background for our 

annotation task, and we accordingly include the relevant signals in our taxonomy of 

signals. 

3.2.3. Identification of Coherence Relations using Statistical 

Methods 

More recently, a few studies in the last decade came into attention for their 

innovative treatment towards coherence relations. These studies focus on the automatic 

identification of implicit relations using probabilistic methods. The starting point of this 

brief yet significant line of research is attributed to an experiment documented in Marcu 

and Echihabi (2002) which is followed and developed upon by many later studies. 

Marcu and Echihabi (2002) proposed a machine learning method for 

automatically detecting coherence relations in the absence of DMs. The authors examined 

four relations (Contrast, Cause-Explanation-Evidence, Condition and Elaboration) from 

the inventory of relations proposed in Mann and Thompson (1988), along with two types 

of non-relations (No-Relation-Same-Text and No-Relation-Different-Text). The training 

data in their investigation were extracted automatically from a large text corpus (around 
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40 million sentences). In the training data, Marcu and Echihabi used some manually 

constructed extraction patterns which contained cue phrases (DMs) which typically signal 

one of these above-mentioned four relations. For example, if a sentence contained the cue 

phrase but, then it was extracted together with the immediately preceding sentence, and 

the relation between these two sentences was labelled Contrast. On the other hand, 

examples of non-relations were created artificially by selecting non-adjacent text spans 

(from the same or different texts). It was assumed that since the text spans were non-

adjacent and randomly selected, it was unlikely that a relation would hold between them. 

Using this method, the authors obtained between 900,000 and 4 million examples per 

relation. 

In the next phase, the DMs were removed from the relations, and a Naive Bayes 

classifier was trained on the automatically labelled data. The classifier then learned to 

exploit linguistic cues other than DMs (e.g., word co-occurrences) to determine 

coherence relations even when no unambiguous DM was present. Results showed that the 

system achieved an accuracy of 49.7% for the six-way classifier when it was tested on a 

set of automatically labelled and unambiguously marked examples from which the DMs 

were removed. The accuracy score was not very impressive (less than 50%). 

Nevertheless, Marcu and Echihabi’s experiment introduced the idea that the knowledge 

about linguistic features other than DMs could effectively be used for determining 

coherence relations. 

Following Marcu and Echihabi (2002), Lapata and Lascarides (2004) used the 

method to automatically extract training data for inferring discourse connectives (since, 

while, etc.), typically representative of temporal relations. However, Lapata and 

Lascarides’ work differed from that of their predecessors in that they attempted to find 

the original temporal connectives (which were removed from the test set) rather than the 

underlying coherence relations. Lapata and Lascarides trained simple probabilistic 

models based on nine types of linguistically motivated features which included temporal 

signature (tense and aspect), verb identity (semantic features associated with verbs), verb 

class (categories of verbs taken from WordNet (Fellbaum, 1998) and Levin (1993)), noun 
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identity (semantic features associated with nouns), noun class (e.g., nouns of cognition, 

events, plants, substances), adjective (such as antonyms), syntactic signature (the degree 

of syntactic complexity), argument signature (the argument structure profile of main and 

subordinate clauses), and position (the position of the two clauses in the parse tree). 

Using a combination of different models, Lapata and Lascarides’s system reported an 

accuracy of up to 70.7% in identifying temporal DMs in texts. 

Sporleder and Lascarides (2005) also followed Marcu and Echihabi’s (2002) 

proposal of automatically labelling training data. However, they used a more 

sophisticated machine learning method, and used a wide variety of linguistic and textual 

features other than DMs for determining coherence relations between two adjacent text 

spans. The features included positional features (whether the relation holds inter-

sententially or intra-sententially), length features (average span length for Continuation is 

longer than for Contrast), lexical features (word overlap may be evidence for a Summary 

relation), Part-of-Speech features (noun, verb, adjective etc.), temporal features (tense, 

aspect, etc.), syntactic features (the degree of syntactic complexity as a determining 

factor for certain relations), and cohesion features (the degree of cohesion between text 

spans with respect to the distribution of pronouns and the presence or absence of the 

ellipsis). 

Sporleder and Lascarides (2005) tested their method on five relations: Contrast, 

Expansion, Result, Summary and Continuation, and reported that the system achieved an 

accuracy of 57.6% (which is more than 20% compared to the results achieved by the 

bigram model used by Marcu and Echihabi (2002)) for a five-way classifier when applied 

to a test set of automatically labelled and marked examples from which the DMs were 

removed. The authors concluded that feature-rich models performed significantly better 

than simpler bigram models, at least on relatively small training sets. 

In a later study, Sporleder and Lascarides (2008) implemented two models for 

identifying unmarked coherence relations (both DM-removed relations and naturally 

occurring relations without DMs). The first model was a Naive Bayes model which used 
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word co-occurrences to predict a relation (as used in Marcu and Echihabi (2002)). The 

second one was a BoosTexter-based model which exploited a variety of linguistic cues 

roughly falling into six classes: positional features, length features, lexical features, part-

of-speech features, temporal features, and cohesion features. Sporleder and Lascarides 

(2008) examined the same set of relations which were used in their previous experiment 

(Sporleder & Lascarides, 2005), namely Contrast, Result, Explanation, Summary and 

Continuation. 

Sporleder and Lascarides (2008) mentioned that the hypothesis adopted in Marcu 

and Echihabi (2002) of using training on marked (by DMs) examples for identifying 

unmarked (by DMs) relations would work only if two conditions are fulfilled. First, there 

should be a certain amount of redundancy between the DMs and the general linguistic 

contexts, so that the removal of the DM still leaves enough residual information for the 

classifier to learn how to distinguish unmarked relations. Second, marked and unmarked 

relations should be sufficiently similar, so that a classifier trained on the former can 

generalize to the latter. In particular, properties which are predictive of a given relation in 

the examples of unmarked relations should also be predictive of the same relation in the 

marked examples. 

Results of Sporleder and Lascarides’ (2008) experiment showed that the 

classifiers trained in this way performed well for identifying the relations in the dataset 

from which DMs were removed. But, they did not generalise very well for the unmarked 

data in which relations occurred naturally without DMs. Sporleder and Lascarides 

concluded that training on automatically labelled and unambiguously marked (by DMs) 

data, as exercised in Marcu and Echihabi (2002), was not necessarily a good strategy 

when the goal was to develop a coherence relations classifier for those examples in which 

the relation was not unambiguously signalled by DMs. Furthermore, it was found that 

this behaviour was not dependent on the classifiers used; rather, it seemed to lie in the 

data itself. For example, marked and unmarked examples might be linguistically too 

dissimilar, and removing unambiguous markers in the automatic labelling process might 

result in a change of meaning in the examples. In other words, the contexts containing a 
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DM could be very different from the contexts without a DM. Therefore, while some 

contexts could naturally lead the presence of a DM, others probably could not. 

In the present study, we do not employ any probabilistic algorithm to classify 

coherence relations or their signals, and thus, it is hard for us to draw any direct 

comparison between our study and the computational studies that we outlined in this 

section. However, there are a few areas in which we feel that our study would relate to 

these works. First, these studies show, as we believe, that coherence relations can often 

be present without DMs, and furthermore, relations without DMs in a discourse can be 

identified with a fairly higher degree of accuracy using probabilistic methods. Second, 

these studies also show that the knowledge of various linguistic features is useful in 

signalling coherence relations in the absence of DMs, and they can be fed into 

probabilistic algorithms for identifying specific types of relations. In our study, we take a 

note of all the relevant signals from these studies, and include them in our taxonomy of 

signals to be used in our annotation task. 

3.3. Conclusion 

To sum up, in this chapter we have provided a review of the existing research on 

the signalling of coherence relations, and discussed different issues associated with the 

phenomenon of signalling. We have shown that coherence relations are signalled by 

different types of signals, and these signals can be classified into two broad groups: DMs 

and other signals. 

DMs are often used to signal coherence relations, and they have been investigated 

extensively in the discourse literature. However, despite the overwhelming amount of 

research on DMs, there is still no consensus among the researchers regarding the status of 

DMs. DMs as useful signals of coherence relations are often used in many discourse 

parsing applications. Psycholinguistic research on DMs also shows that their presence, in 

most cases, proves to be beneficial for text processing. In our research, we also consider 
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DMs to be one of the most important types of signals of coherence relations, and examine 

their relationship with the relations they signal. 

Other signals, on the other hand, comprise a wide variety of textual features other 

than DMs, and they can be classified into major types, such as reference, semantic, 

lexical, syntactic and graphical features. Compared to the amount of research on DMs, 

other signals remain relatively understudied in the discourse literature. However, studies 

show that other signals can be used as potential markers for identifying relations in the 

absence of DMs. For our own study, we have made a note of all the relevant signals we 

came across, and included them in our taxonomy of signals. In our experiment, we will 

use that taxonomy for annotating the relations in the RST Discourse Treebank with the 

relevant signalling information. 
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Chapter 4. Theoretical Framework: RST 

In this chapter, we provide a brief account of Rhetorical Structure Theory or RST 

which is adopted as the theoretical framework of the present study. For a more detailed 

account of RST, see Mann and Thompson (1988), Taboada and Mann (2006b) and the 

RST website (Mann & Taboada, 2007). 

RST is a functional theory of text organization. It describes what parts a text is 

made of, what kinds of relationships exist between these parts, and how these parts are 

organized with respect to each other to constitute a coherent piece of discourse. RST was 

developed by William Mann, Christian Matthiessen and Sandra Thompson in the 1980s. 

The theory originally emerged as part of research on computational text generation. 

However, the use of RST has not been restricted to this particular area alone, and it has 

also been used later in various other applications, including the analysis of spoken 

discourse.  

This chapter is organized as follows: Section 4.1 describes the basic components 

of RST: relations, schemas, schema applications and text structures. In Section 4.2, we 

discuss the number and types of rhetorical (coherence) relations in RST taxonomies. An 

example of text analysis using RST is provided in Section 4.3. Finally, Section 4.4 

summarizes the chapter, and provides the conclusion. 

4.1. RST Components 

RST distinguishes four components for describing text structures. The 

components are relations, schemas, schema applications and structures.  
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4.1.1. Relations 

Text organization in RST is primarily described in terms of relations that hold 

between two (or sometimes more) non-overlapping text spans. Relations are 

characterized as mononuclear or multinuclear depending on the nuclearity status of the 

spans. A mononuclear relation includes a nucleus, referring to the central or the most 

important span, and a satellite, referring to the peripheral or the secondary span. In 

multinuclear relations, each span is equally important, and they are considered to be 

nuclei, and the relation is multinuclear. 

The classification of relations based on nuclearity (i.e., mononuclear and 

multinuclear) is often compared with the hypotaxis-parataxis distinction found in the 

structural description of language. Mononuclear relations are equated with hypotactic 

structures in which the relation holds between a main clause (nucleus) and a subordinate 

clause (satellite)
4
. On the other hand, multinuclear relations are equated with paratactic 

structures in which the relation holds between two (or more) main clauses (nuclei). 

Relations in RST are defined in terms of four fields: (1) constraints on the 

nucleus, (2) constraints on the satellite, (3) constraints on the combination of nucleus and 

satellite and (4) effect (on the reader). The locus of the effect, derived from the effect 

field, is identified as either the nucleus alone or the nucleus-satellite combination. An 

analyst builds the RST structure of a text based on the particular judgements that are 

specified by these four fields.  

In Table 1, we provide an example of how relations are defined in RST. Mann 

and Thompson define Concession relation in the following way (reproduced from Mann 

and Thompson (1988: 254 - 255)). 

 
4  From a semantic point of view, hypotactic relationships are sometimes explained in terms of 

a Focal clause and a Supporting clause, referring to the main clause and the subordinate 

clause, respectively (Dixon, 2009). 



 

72 

Table 1: Definition of Concession relation 

relation name: CONCESSION 

constraints on N: W has positive regard for the situation presented in N 

constraints on S: W is not claiming that the situation presented in S doesn’t 

hold 

 

constraints on the 

N + S 

combination: 

W acknowledges a potential or apparent incompatibility 

between the situations presented in N and S; W regards 

the situations presented in N and S as compatible; 

recognizing that the compatibility between the situations 

presented in N and S increases R’s positive regard for the 

situation presented in N  

the effect: R’s positive regard for the situation presented in N is 

increased 

locus of the effect: N and S 

Note: N = nucleus; S = satellite; W = writer; R = reader 

 

4.1.2. Schemas 

Schemas define the structural constituency arrangements in which a particular 

span in a text is analyzed in terms of the other spans. Schemas represent abstract patterns 

of text structure comprising a small number of constituent text spans. Schemas determine 

the possible RST structure of a given text by providing specifications about what 

relations hold between text spans, and how certain spans are related to the whole 

collection of spans. 

There are five types of schemas in RST which are represented by the five 

diagrams in Figure 12. In the diagrams, the curves represent the relations while the 

horizontal straight lines represent the text spans. The vertical and inclined straight lines 

are used for linking relations nodes at different levels of discourse hierarchy (from Mann 

and Thompson (1988: 247)). 
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Figure 12: Examples of five schema types in RST 

The schemas for the other relations (not mentioned in this example) are 

represented by the schema provided for Circumstance relation. In case of multinuclear 

schemas (in the presence of two or more nuclei), there are certain possibilities. For 

instance, a Contrast relation includes only two nuclei, while there could be more than two 

(in fact, indefinitely many) nuclei for Joint or Sequence relations. 

4.1.3. Schema Applications 

The schemas appearing (mostly with some modifications over the actual schemas) 

in text structures are instantiated by a number of conventions which determine the 

possible applications of a schema. The conventions of schema applications include the 

following features. 

1) Unordered span: The order of the nucleus and satellite spans is not constrained by 

the schema. 

2) Optional relations: In case of multi-relational schemas, all individual relations are 

considered to be optional, but at least one relation among them must hold. 

3) Repeated relations: A relation that is part of a schema can be applied multiple 

times in the text structure by the application of that schema. 
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4.1.4. Structures 

The composition of schema applications determines the structure of a text. A 

structural analysis based on a set of schema applications emerges from the following 

constraints. 

1) Completedness: The set includes one schema application representing a set of text 

spans which constitute a text. 

2) Connectedness: Each text span in the analysis is either a minimal unit (unit of text 

structure, usually considered to be a clause) or a constituent of another schema 

application of the analysis. The only exception is the text span comprising the 

entire text, since it is the largest constituent in the text structure. 

3) Uniqueness: Each schema application is characterized by a different set of text 

spans. In case of multi-relation schemas, each relation applies to a different set of 

text spans. 

4) Adjacency: The text spans of each schema application constitute one larger text 

span. 

In sum, the relation definitions specify the particular relationship that holds 

between text segments. On the basis of the relations, the schemas are used to describe the 

patterns which determine the way the text segments are organized with respect to each 

other in a discourse. The schema applications are used to instantiate the schemas, with 

some modifications over the actual schema. Finally, the notion of the structure of the 

entire text is defined by the way the schema applications are arranged with respect to 

each other in the cumulative RST structure of the text. 
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4.2. Types and Number of Relations 

4.2.1. Types of Relations 

Mann and Thompson (1988), based on the intended effect, divide RST relations 

into two classes: subject matter relations and presentational relations. In subject matter 

relations, the intended effect is that the reader recognizes the relations in question. On the 

other hand, in presentational relations, the intended effect is to increase some inclination 

in the reader (positive regard, belief, or acceptance of the nucleus). The original RST 

taxonomy includes 16 subject matter relations and 7 presentational relations, as shown in 

Table 2 (reproduced from Mann and Thompson (1988: 257)). 

Table 2: Classification of Subject Matter and Presentational relations in RST 

Subject Matter Presentational 

Elaboration 

Circumstance 

Solutionhood 

Volitional Cause 

Volitional Result 

Non-Volitional Cause 

Non-Volitional Result 

Purpose 

Condition 

Otherwise 

Interpretation 

Evaluation 

Restatement 

Summary 

Sequence 

Contrast 

Motivation (increases desire) 

Antithesis (increases positive regard) 

Background (increases ability) 

Enablement (increases ability) 

Evidence (increases belief) 

Justify (increases acceptance) 

Concession (increases positive regard) 

 

Another possible classification of RST relations (which is highly relevant to the 

objectives of the present study) can be made with respect to the signalling of relations. 

Taboada (2006b) shows that some relations, such as Concession, Condition and Purpose, 

are frequently signalled by a DM, while relations, such as Background and Summary, are 

rarely signalled by a DM. Furthermore, it is also suggested that relations, such as 
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Elaboration, Enablement, Evaluation and Solutionhood are never signalled by a DM 

(Knott & Dale, 1994; Taboada, 2004a; Taboada & Mann, 2006b). In the present study, 

we also aim for such a classification of relations based on signalling, and for that 

purpose, we examine the relative distribution of relations in a corpus with respect to 

being signalled by a DM. 

4.2.2. Number of Relations 

The number of relations in an RST taxonomy is not fixed; rather, it varies from 

study to study. Mann and Thompson’s (1988) original taxonomy contains 23 relations 

while the RST website (Mann & Taboada, 2007) includes an extended set of 30 relations. 

A set of 22 RST relations is used by Le Thanh (2007) for automatically generating 

discourse structure of texts. Pardo and Nunes (2008) and later by Maziero et al. (2011) 

use an extended set of 32 relations in the discourse parsing system, DiZer. Most 

elaborately, Carlson, Marcu and Okurowski, in building the annotated RST Discourse 

Treebank (Carlson et al., 2002), use a large set 78 relations which are divided into 16 

relation groups (see Carlson and Marcu (2001) for more information). 

The reason for having so many different versions of the RST taxonomy, as 

mentioned in Section 2.2.3, can be ascribed to a number of features in RST itself. Mann 

and Thompson (1988) themselves consider the inventory of discourse relations to be an 

open set. Furthermore, Mann et al. (1989) consider RST to be more of a useful tool for 

determining text structures than as a strict theory of discourse with limited attributes, and 

thus, they allow relevant modifications within the RST taxonomy. 

Relation definitions have the status of applications of the theory rather 

than elements of the theory. One might want to change or replace the 

definitions… such changes are to be expected and do not cross the 

definitional boundaries of RST.  (Mann et al., 1989: 48)  

A small or a large set of relations has its own pros and cons. In the case of a small 

set of relations, the trees are easier to build while they lack details. On the other hand, 
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large sets of relations render very informative trees, but they also increase the difficulty 

of manual text analysis. 

In the present study, we adopt Carlson and Marcu’s (2001) taxonomy of RST 

relations. The choice of this particular taxonomy stems from a practical reason. We 

decide to use an existing corpus, the RST Discourse Treebank (Carlson et al., 2002), to 

which we add signalling information for each relation instance. The relations in the RST 

Discourse Treebank are annotated based on the taxonomy proposed by Carlson and 

Marcu (2001). Accordingly, we also choose to follow Carlson and Marcu’s relational 

taxonomy while annotating signals for the relations in the corpus. 

4.3. An Example of the Analysis of a Text Using RST 

In this section, we provide the discourse analysis of a text using RST. The text is 

taken from one of the RST files (file no. wsj_609) in the RST Discourse Treebank, and is 

provided below. 

(18) President Bush insists it would be a great tool for curbing the budget deficit and 

slicing the lard out of government programs. He wants it now. 

The graphical representation of the RST analysis of this text is provided in Figure 13. 

 

Figure 13: Graphical representation of an RST analysis 
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The RST analysis shows that the text comprises five spans which are represented 

in the diagram (in Figure 13) by the cardinal numbers, 1, 2, 3, 4, and 5, respectively. In 

the diagram, the arrowhead points to a span refer to the nuclei, and the arrow points away 

from another span refer to the satellites. Span 1 (satellite) is connected to Span 2 

(nucleus) by an Attribution relation, and together they make the combined span 1-2. Span 

3 (nucleus) and 4 (nucleus) are in a multinuclear List relation, and together they make the 

combined span 3-4. Span 3-4 (satellite) is connected to span 1-2 (nucleus) by an 

Elaboration (more specifically, Elaboration-object-attribute-e) relation, and together 

they make the combined span 1-4. Finally, span 5 (satellite) is connected to span 1-4 

(nucleus) by an Elaboration (more specifically, Elaboration-additional) relation. 

4.4. Conclusion 

In this chapter, we have briefly outlined Rhetorical Structure Theory or RST 

which is adopted as the theoretical framework of the present study. RST is a functional 

theory of text organization. It describes how a text is made of smaller parts, and how 

those parts are related to each other in terms of certain organizational patterns. RST 

distinguishes four components of text organization: relations, schemas, schema 

applications and structure. These four components interact with each other in order to 

provide a functional representation of a coherent text. In RST analyses, the focus is laid 

upon the notion of relations which hold between text spans. Relations, in terms of their 

intended effects, can be of two types, namely subject matter and presentational relations. 

With respect to the number of relations, there is no fixed or absolute taxonomy available 

yet, although different sets of relations, mostly based on the original RST taxonomy 

(Mann & Thompson, 1988), used by different researchers prove to be useful for different 

research goals.  

The use of RST has been successful in a number of areas such as discourse 

analysis, theoretical linguistics, psycholinguistics and computational linguistics. More 

particularly, RST shows a wide-scale usability to be applied in areas such as text 
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generation, discourse parsing, summarization, cross-linguistic issues, argumentation and 

writing (see Taboada and Mann (2006a) for a more detailed overview). RST is also 

applied to the analysis of spoken discourse (Benwell, 1999; Stent, 2000; Taboada, 2004a, 

2004b), although in our study we specifically use RST in the analysis of written 

(newspaper) texts. 

We adopt RST for a number of reasons. First, RST provides a more descriptive 

account of text organization than other theories of discourse. Second, the association of 

relation and coherence is well illustrated in RST. Coherence is often described in terms of 

the absence of non-sequiturs, i.e., segments of text which do not seem to be part of the 

communicative intent of the writer. In RST analyses, it is assumed that each and every 

element of a text contributes to the overall organization of the text since they are 

somehow connected to each other at a certain level in the hierarchy. The possibility of 

establishing an RST analysis for a given text thus strongly stems from the subjective 

judgement that the text is coherent. Third, RST proves to be useful in various applications 

in computational linguistics. In particular, studies in discourse parsing show that RST 

could be used as an advantageous tool for detecting coherence relations and for 

establishing valid structures of discourse. Finally, the choice of RST is also motivated by 

a pragmatic reason. In order to examine the signalling of coherence relations, we decide 

to conduct a corpus study, using a large corpus already annotated for coherence relations. 

There are two such corpora available for our purpose: The Penn Discourse Treebank 

(Prasad et al., 2008) and the RST Discourse Treebank (Carlson et al., 2002). We choose 

to use the RST Discourse Treebank because it best serves our purpose (see Chapter 5 for 

more information). The corpus is annotated based on the framework of RST, and this also 

helps us to choose RST as our theoretical framework. 
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Chapter 5. Methodology 

In this chapter, we describe the methodology of the present study. We conduct a 

corpus-based experiment in order to investigate the signalling of coherence relations in 

discourse. Our corpus experiment comprises a sequence of different tasks: (i) we select 

an existing corpus already annotated for coherence relations, (ii) we examine each and 

every relation in that corpus, (iii) we identify signals which are used to indicate those 

relations, and finally, (iv) we add to those relations a new layer of annotation of 

signalling information. In this chapter, we provide a detailed account of different aspects 

of our methodology, including a description of the corpus, the relational and signalling 

taxonomies, the tool used for the annotation task, and the procedure. 

This chapter is organized as follows: In Section 5.1, we describe the corpus used 

in the present study. In particular, we discuss the motivation for corpus selection, provide 

an overview of the corpus, and discuss a few problematic issues associated with its 

theoretical framework. Section 5.2 outlines the taxonomy of signals used in our signalling 

annotation task. In Section 5.3, we describe the annotation tool used in the annotation 

process, and discuss reasons for tool selection. Section 5.4 describes the procedure 

followed in our signalling annotation task. An example of our annotation is provided in 

Section 5.5. In Section 5.6, we discuss the reliability of our annotation. In Section 5.7, we 

provide a brief account of a few recent corpus-based projects on signalling annotation. 

Finally, Section 5.8 summarizes the chapter, and provides the conclusion. 
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5.1. The Corpus 

5.1.1. Corpus Selection and Motivation 

One of the research objectives of our study is to discover as many signals of 

coherence relations as possible. Accordingly, our research design required a large 

database from which a considerably large number of tokens (representing relational 

signals) can be extracted. Thus, we specifically looked for a large corpus in which 

coherence relations are already annotated, and from which additional information about 

signalling of relations can be extracted.  

To our knowledge, there are only two available large relation-wise discourse 

annotated corpora relevant to our work: the Penn Discourse Treebank or PDTB (Prasad et 

al., 2008) and the RST Discourse Treebank or RST-DT (Carlson et al., 2002). We choose 

to use the RST-DT as our source of data. The choice of the RST-DT over the PDTB 

stems from two reasons. First, we wanted to work on a discourse annotated corpus whose 

theoretical foundation is identical or similar to the theoretical framework we would use 

for the present study. We choose RST as the theoretical framework for this study, and the 

RST-DT, as its name implies, is also annotated (for coherence relations) based on RST. 

In contrast, the annotations in the PDTB follow a lexico-semantic approach which is very 

different from RST. Also, the PDTB presupposes that DMs or similar signals (alternative 

lexicalization) are the only type of signals in discourse, and accordingly, it provides 

annotations of relations based on the explicit or implicit presence of DMs (or similar 

signals). This, we believe, delimits the scope our study as we are primarily interested in 

finding signals other than DMs. Therefore, we decided to start with a corpus with no 

prior signalling information included. This primarily motivates our choice of the RST-DT 

over the PDTB.  

Second, we are also interested in examining the signalling of relations at different 

levels of discourse. Unfortunately, the PDTB provides annotations only for relations 

which are at the local level of discourse (between clauses or sentences), but not for the 
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global level relations (between units comprising multiple sentences). In contrast, the 

RST-DT provides annotations for both levels of relations. This is because RST follows a 

hierarchy principle in which a discourse sequence (the combined span comprising the 

nucleus and the satellite of a relation) can often function as a larger discourse segment, 

and can combine as a nucleus or a satellite with another discourse segment in order to 

establish a global level relation.  

Another option for us was to use the Discourse Graphbank or DG (Wolf et al., 

2005). The DG includes a set of 135 texts from the Wall Street Journal and the AP 

Newswire. The texts are annotated manually with respect to coherence relations 

following the framework of Hobbs' (1985) theory. Two unique features in the DG are that 

it allows cross-dependencies between discourse units (for example, in a linear discourse 

sequence comprising four units A, B, C and D, relations can possibly (although not 

necessarily) hold between A and C, between B and D, and between A and D) and 

multiple-parent structures (i.e., a discourse unit can enter into more than one relation, 

thereby having more than one parent node). For these requirements, the discourse 

structures in the GB are represented using graphs or in the form of graph chains (unlike in 

the RST-DT which uses tree diagrams).  

We could not consider using the DG mainly because the corpus is not large 

enough to conduct a wide-scale signalling annotation study such as ours. The DG 

includes only 9,619 relations while the RST-DT includes more than 20,000 relations (see 

Section 6.1 for more detail). Furthermore, the graph chains comprising cross-

dependencies and multiple-structures in the DG impose additional complexity to the 

relational annotations (Egg & Redeker, 2010), and we believe this would accordingly add 

more complexity to a signalling annotation task as well. 

5.1.2. The RST Discourse Treebank: An Overview 

The RST Discourse Treebank or RST-DT (Carlson et al., 2002) is a corpus 

annotated for coherence relations, and it contains a collection of 385 Wall Street Journal 
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articles (representing over 176,000 words of text) selected from the Penn Treebank 

(Marcus et al., 1993). The corpus is distributed by the Linguistic Data Consortium 

(LDC)
5
, from which the corpus can be downloaded (for a fee).  

The articles chosen for annotation in the RST-DT come from a variety of topics, 

such as financial reports, general interest stories, business-related news, cultural reviews, 

editorials, and letters to the editor. The texts in these articles are annotated manually by a 

group of annotators. The annotation process is aided by a modified version of RSTTool 

(O'Donnell, 1997) which provides a graphical representation of the RST analysis of a text 

in the form of tree-diagrams. The reliability of the annotations is measured for four 

levels: elementary discourse units, hierarchical spans, hierarchical nuclearity and 

hierarchical relation assignments. The results of the inter-annotator agreement show 

considerably higher scores in all these four levels of annotations (see Carlson et al. 

(2001) for more information). 

5.1.3. Theoretical Framework of the RST-DT 

The relational annotation in the RST-DT is performed following Rhetorical 

Structure Theory or RST (Mann & Thompson, 1988). Carlson et al. (2001) find three 

reasons for using RST as the theoretical framework for their annotation work. The 

reasons are: (i) RST produces rich annotations that uniformly represent intentional, 

semantic and textual features of texts; (ii) discourse annotations by multiple judges within 

the RST framework yield relatively higher levels of agreement; and (iii) the use of RST 

trees prove to be beneficial in many NLP applications such as natural language 

generation, text summarization, machine translation and essay-scoring systems; and this 

suggests that RST can also be applied for other NLP-related resources, such as in the 

building of a discourse annotated treebank. 

 
5  https://www.ldc.upenn.edu/ 
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Carlson et al. (2001) use a modified version of the RST framework in their 

annotation scheme (Carlson & Marcu, 2001). These modifications include some 

refinements in the treatment of elementary discourse units and in the taxonomy of RST 

relations used for the annotation. These issues are highlighted in the two following 

subsections, respectively. 

5.1.4. Elementary Discourse Units in the RST-DT 

Carlson and Marcu (2001) generally consider clauses to be the minimal units of 

discourse. However, they specify certain conditions for a clause to be used as an 

elementary discourse unit (EDU). The conditions are enumerated with example below
6
. 

 Clauses that are subjects or objects of a main verb are not considered to be EDUs. 

(19) [Deciding what constitute “terrorism” can be a legalistic exercise.] 

wsj_1101 

(20) [Making computer smaller often means sacrificing memory.] wsj_2387  

 Clauses that are complements of a main verb are not considered to be EDUs. 

(21) [With the golden share as protection, Jaguar officials have rebuffed Ford’s 

overtures, and moved instead to forge an alliance with GM.] wsj_0632 

(22) [The company’s current management found itself “locked into this,” he 

said.] wsj_1103 

 Complements of attribution verbs (speech acts and other cognitive acts) are 

considered to be EDUs. 

 
6  The texts in the examples are taken from the RST-DT (Carlson et al., 2002). The text within 

square brackets denotes a span. A span (or a sequence of spans) is followed by a file number, 

denoting the article (in the RST-DT) from which the text is taken. For highlighting a 

particular clause, the relevant parts in a span are underlined. 
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(23) [The legendary GM chairman declared] [that his company would make “a 

car for every purse and purpose”.] wsj_1377 

(24) [Analysts estimated] [that sales at U.S. stores declined in the quarter, too.] 

wsj_1105 

 Relative clauses, nominal postmodifiers, or clauses that break up other legitimate 

EDUs, are considered to be embedded discourse units. 

(25) [Some entrepreneur say] [the red tape] [they most love to hate] [is red 

tape] [they would also hate to lose.] wsj_1162 

(26) [The fact] [that this happened two years ago] [and there was a recovery] 

[gives people comfort] [that this won’t be a problem.] wsj_2345 

 Phrases that begin with a strong DM, such as because, despite, without and as a 

result are considered to be EDUs. 

(27) [Today, no one gets in or out of the restricted area] [without De Beer’s 

stingy approval] wsj_1121 

(28) [Some big brokerage firms said] [they don’t expect major problems] [as a 

result of margin calls.] wsj_2393  

Note that the above-mentioned conditions are not standard in discourse 

segmentation. We discuss difficulties with working with some of these conditions in 

Section 5.1.6.  

5.1.5. Taxonomy of Relations in the RST-DT 

Carlson et al. (2001), for the development of the RST-DT, use a large set 78 

relations which are divided into 16 major relation groups (Carlson & Marcu, 2001). 

Carlson et al.’s taxonomy of RST relations is provided in Table 3. 
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Table 3: Taxonomy of RST relations in the RST-DT 

# Relation Group Relation 

1. Attribution Attribution, Attribution-negative 

2. Background Background, Circumstance 

3. Cause Cause, Result, Consequence 

4. Comparison Comparison, Preference, Analogy, Proportion 

5. Condition Condition, Hypothetical, Contingency, Otherwise 

6. Contrast Contrast, Concession, Antithesis 

7. Elaboration Elaboration-additional, Elaboration-general-specific, 

Elaboration-part-whole, Elaboration-process-step, 

Elaboration-object-attribute, Elaboration-set-member, 

Example, Definition 

8. Enablement Purpose, Enablement 

9. Evaluation Evaluation, Interpretation, Conclusion, Comment 

10. Explanation Evidence, Explanation-argumentative, Reason 

11. Joint List, Disjunction 

12. Manner-Means Manner, Means 

13. Topic-Comment Problem-solution, Question-answer, Statement-response, 

Topic-comment, Comment-topic, Rhetorical-question 

14. Summary Summary, Restatement 

15. Temporal Temporal-before, Temporal-after, Temporal-same-time, 

Sequence, Inverted-sequence 

16. Topic Change Topic-shift, Topic-drift 

 

Note that the total number of individual relations in Table 3 is less than 78. This is 

because only the basic relations are listed in this taxonomy, irrespective of being further 

categorized with respect to nuclearity status (mononuclear/multinuclear) or the presence 

of relevant relational content in the nucleus or satellite. A single relation (such as Cause 

or Result) can be used as both mononuclear and multinuclear, based on the relative 

importance of the spans. Furthermore, a mononuclear/multinuclear relation such as 

Evaluation can be divided into evaluation-n or evaluation-s, implying the presence of the 

relevant relational content in the nucleus or satellite, respectively. The complete 

taxonomy, including all 78 relations, is provided in Appendix A. 

Furthermore, three additional relations: Textual-Organization, Span and Same-

Unit, have been used in the annotation of the RST-DT to in order to impose certain 

structure-specific requirements on the discourse trees. 
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As with the segmentation scheme, we also encounter a few problems working 

with the taxonomy of relations used by Carlson et al. (2001). We discuss these issues in 

the following section. 

5.1.6. Segmentation and Relational Taxonomy: Problematic 

Issues 

Although we follow Carlson and Marcu’s (2001) relational schemes in our 

signalling annotation task, there are two areas – the treatment of the EDUs and the 

taxonomy of RST relations (outlined in the two previous sub-sections, respectively) – in 

which we do not entirely agree with the annotations in the RST-DT. First, with respect to 

segmenting discourse units, we believe that only a subset of all possible types of clauses 

can qualify as valid EDUs in a discourse. However, in the RST-DT we find that certain 

types of clauses prescribed in Carlson and Marcu (2001) do not actually constitute valid 

EDUs. For instance, Carlson and Marcu consider relative clauses to be EDUs. However, 

we believe that coherence relations can only hold between propositions, and not between 

an entity and a proposition, or between entities (for our segmentation approach, see 

Tofiloski et al. (2009)). Since a relative clause specifies the relationship between an 

entity in the main clause and a proposition in the subordinate clause, we do not consider 

it to form a valid EDU in a discourse. 

Second, we believe that the inventory of relations proposed by Carlson and Marcu 

(2001) is too detailed, and the relations within a major relation group are sometimes 

indistinguishable from each other. For instance, relations within Evaluation group, such 

as Interpretation, Conclusion and Comment, are essentially subjective in nature. These 

relations share very similar definitions, and each of them can be replaced by others in 

choosing a correct relation tag. 

Despite the disagreements mentioned above, we still believe that the RST-DT 

provides us with the best possible resources for achieving our research goals. It provides 

an extremely organized database in which the structures of texts are represented in terms 

of a systematic hierarchical network of coherence relations. For this reason, we choose to 
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use it for the present study. Furthermore, in order to expedite our research, we also 

assume that the existing annotations in the RST-DT are correct (even though we feel that 

the corpus may not be ideal). We believe that this is becoming a more and more frequent 

situation for discourse analysts nowadays since there have been so many annotated 

corpora developed so far, and also, there are many more in the process of development. 

5.2. Taxonomy of Signals 

The most important aspect of the signalling annotation task is to select and 

classify the types of signals to annotate. There are mainly three ways to build resources of 

discourse signalling. First, one can manually build a repository of signals: Stede and 

Umbach (1998) develop a dictionary of German and English DMs called DIscourse 

Marker LEXicon (DiMLex), compiling entries from available sources such as standard 

dictionaries and grammars; Alonso et al. (2002) gather a set of 577 DMs in Spanish from 

previous work in addition to a corpus study, and provide a data-driven classification of 

those DMs using clustering techniques; Roze et al. (2012) construct LEXCONN, a 

French lexicon of DMs manually extracted from a corpus called FRANTEXT. Second, 

one can automatically infer a list of markers from existing manually annotated discourse 

corpora: Al-Saif and Markert (2010) collect a set of 107 Arabic DMs using machine 

learning algorithms to identify DMs along with the relations they convey. Third, one can 

use available corpora in a source language to automatically build signalling lexicon in a 

target language, as exercised in Meyer and Webber (2013). 

In this study, we start with the first strategy, i.e., manually building the repository 

of relational signals, and then, follow the second strategy, i.e., extracting more markers 

from the corpus we annotate for signals. First, we build our taxonomy of signals based on 

the different classes of relational markers that have been mentioned in previous studies 

on the signalling in discourse (see Chapter 3). Second, we add to the taxonomy more 

signals identified in our preliminary corpus work (Das & Taboada, 2013a; Taboada & 

Das, 2013).  
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The taxonomy of signals used in our annotation is organized hierarchically in 

three levels: signal class, signal type and specific signal. The top level, signal class, has 

three tags representing three major classes of signals: single, combined and unsure. For 

each class, a second level is defined; for example, the class single is divided into nine 

types (DMs, reference, lexical, semantic, morphological, syntactic, graphical, genre and 

numerical features). Finally, the third level in the hierarchy refers to specific signals; for 

example, reference type has four specific signals: personal, demonstrative, comparative 

and propositional reference. The hierarchical organization of the signalling taxonomy is 

provided in Figure 14. Note that subcategories are only illustrative, not exhaustive.  

 

Figure 14: Hierarchical taxonomy of signals 
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A single signal is made of one (and only one) feature used to indicate a particular 

relation. Consider the following examples from the RST-DT
7
. 

(29) [Although Larsen & Toubro hadn't raised money from the public in 38 years,]S 

[its new owners frequently raise funds on the local market.]N – Antithesis 

(wsj_629: 142/143) 

In this example, the DM although, which is a single signal, is used to indicate the 

Antithesis relation. 

(30) [Iran's President Rafsanjani offered to help gain freedom for Western hostages in 

Lebanon,]N [but said the assistance was contingent on U.S. aid in resolving the 

cases of three Iranians kidnapped in Lebanon in 1982 or the release of frozen 

Iranian assets.]S – Contingency (wsj_1353: 77/78-82) 

In this example, the Contingency relation is indicated by a lexical signal, the indicative 

word contingent, which represents a single signalling feature. 

(31) [To encourage more competition among exporting countries,]S [the U.S. is 

proposing that export subsidies, including tax incentives for exporters, be phased 

out in five years.]N – Purpose (wsj_1135: 54/55-58) 

The Purpose relation in this example is signalled by a syntactic feature, the infinitival 

clause (underlined), which is also a single signal. 

 
7  Conventions for interpreting examples from the RST-DT: The text within square brackets 

denotes a span. Each pair of square brackets is followed by either the uppercase character N, 

referring to the nucleus span, or the uppercase character S, referring to the satellite span. A 

pair of two spans (N and S) is respectively followed by a dash and the name of the relation 

that holds between the spans. The relation name is further followed by parentheses containing 

the file number (of the source document), and the span numbers (the location of the relation 

in the document), respectively. In addition, the file number and the span numbers within the 

parentheses are separated by a colon, and each span number is separated from the other span 

number by a forward slash. For highlighting a particular signal used, the relevant parts 

(referring to the relevant textual features) in a span are underlined. 
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A combined signal
8
, on the other hand, comprises two single (other) signals (or 

features) which work in combination with each other to indicate a particular relation. 

Consider the following example from the RST-DT. 

(32) [Gerald C. Beddall, 47 years old, was named president of the Clairol division of 

this pharmaceuticals and health-care company.]N [He succeeds C. Benjamin 

Brooks Jr.,…]S – Elaboration-additional (wsj_1341: 3/4-8) 

In this example, two types of single signals, a reference feature and a syntactic feature, 

are operative together in signalling the Elaboration-additional relation. The reference 

feature indicates that the word He in the satellite span is a personal pronoun because it 

refers back to Gerald C. Beddall, an entity mentioned (or introduced) in the nucleus span. 

Syntactically, the personal pronoun, He, is also in the subject position of the sentence the 

satellite span starts with, representing the topic of the Elaboration-additional relation. 

Therefore, the combined signal, comprising the reference and syntactic features – in the 

form of a personal reference plus a subject NP, represented as (personal reference + 

subject NP) – functions here as a signal for the Elaboration-additional relation. 

 Finally, unsure refers to those cases in which no potential signals were found or 

were specified. 

(33) [This hasn't been Kellogg Co.'s year.]S [The oat-bran craze has cost the world's 

largest cereal maker market share.]N – Cause (wsj_610: 1/2) 

(34) ["This is a democratic process]N [-- you can't slam-dunk anything around 

here."]N – Consequence (wsj_1963: 33/34) 

 
8  A combined signal is represented within parentheses, including two features conjoined by the 

‘+’ symbol. For example, a combined signal, containing feature 1 and feature 2, is 

represented in the following form: (feature 1 + feature 2). 
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The detailed taxonomy used in our signalling annotation task is provided in Table 

4. For more information about the signal class, signal types and specific signals (with 

definitions, classifications and examples), see Appendix B. 

Table 4: Taxonomy of signals used in the annotation of relations in the RST-DT 

# Signal class Signal type Specific signal 

 

1 

 

single 

discourse marker (DM) and, but, if, since, then, when, etc. 

 

reference 

personal reference 

demonstrative reference 

comparative reference  

propositional reference 

lexical indicative word 

alternate expression 

 

 

 

semantic 

synonymy  

antonymy  

meronymy  

repetition  

indicative word pair  

lexical chain  

general word 

morphological tense 

 

 

 

 

 

syntactic 

relative clause 

infinitival clause  

present participial clause  

past participial clause 

imperative clause 

interrupted matrix clause  

parallel syntactic construction  

reported speech 

subject auxiliary inversion  

nominal modifier 

adjectival modifier 

 

 

graphical 

colon  

semicolon  

dash 

parentheses  

items in sequence 

 

genre 

inverted pyramid scheme  

newspaper layout 

newspaper style attribution  

newspaper style definition 

numerical same count 

 

2 

 

combined 

 

(reference + syntactic) 

(personal reference + subject NP) 

(demonstrative reference + subject NP)  

(comparative reference + subject NP) 

(propositional reference + subject NP) 



 

93 

 

 

(semantic + syntactic) 

(repetition + subject NP) 

(lexical chain + subject NP)  

(synonymy + subject NP) 

(meronymy + subject NP ) 

(general word + subject NP) 

(lexical + syntactic) (indicative word + present participial 

clause) 

(syntactic + semantic) (parallel syntactic construction + lexical 

chain) 

(syntactic + positional) (present participial clause + beginning) 

(past participial clause + beginning) 

(graphical + syntactic) (comma + present participial clause) 

(comma + past participial clause) 

3 unsure unsure unsure 

 

Relations can also be indicated by multiple signals (by more than one signal), as 

we have seen in example (3) in Chapter 1 (Section 1.2). The difference between 

combined signals and multiple signals is one of independence of operability. In a 

combined signal, there are two signals, one of which is an independent signal, while the 

other one is dependent on the first signal. For example, in a combined signal such as 

(personal reference + subject NP), the feature personal reference is the independent 

signal because it directly (and independently) refers back to the entity introduced in the 

first span. In contrast, the feature subject NP is the dependent signal because it is used to 

specify additional attributes of the first signal. In this particular case, the syntactic role of 

the personal reference (i.e., a subject NP) in the second span is specified by the use of the 

second signal subject NP. Multiple signals, on the other hand, function independently of 

and separately from each other, but they all contribute to signalling the relation. For 

example, in an Elaboration relation with multiple signals, involving a genre feature (e.g., 

inverted pyramid scheme) and a lexical feature (e.g., indicative word), the signals do not 

have any connection, as they refer to two different features which separately signal the 

relation. 
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5.3. Annotation Tool 

We use UAM CorpusTool (O'Donnell, 2008), a software for text annotation, for 

performing our signalling annotation task. In order to facilitate the annotation process, we 

sought to use an annotation tool that would best serve our purpose. For selecting a 

suitable annotation tool, we define the following requirements. 

1. Importability: In our annotation task, we need to select individual relations from 

the RST-DT, and tag them with appropriate labels of signalling information. This 

requirement specifies that the text to be annotated must be imported into the 

annotation tool along with the relevant relational information, in the original 

LISP, in XML, or in similar format that allows for visualization of the relations. 

2. Annotation scheme: The signal tags in our taxonomy are organized 

hierarchically in three levels (see Section 5.2). To annotate each relation, we need 

to record the signalling information for all these three levels. This requirement 

necessitates that the annotation tool supports the structure of the taxonomy. 

3. Customizability: This requirement implies a convenient access to edit or modify 

the annotation tags while continuing with the annotation. 

4. Multiple annotations: In our annotation, a single relation can be indicated by 

more than one signal, and the annotation of that relation accordingly requires the 

attachment of two or more sets of signalling tags to a single relation. 

5. Convertibility: This requirement necessitates that the output of the annotation is 

stored in XML-based format which would facilitate the reuse of the existing 

annotation, standardization of annotation format and application of other tools to 

the same data. 

6. Simplicity: This requirement specifies that the users of the tool should be able to 

use it even without having advanced computational knowledge about the inner 

workings of the tool. In addition, the tool should also have a graphical user 
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interface which can provide adequate visualization of both the source data and 

annotated data. 

Based on the above-mentioned requirements, we examined four annotation tools, 

namely RSTTool
9
 (O'Donnell, 1997), MMAX2

10
 (Müller & Strube, 2006), PALinkA

11
 

(Orăsan, 2003) and UAM CorpusTool
12

 (O'Donnell, 2008), and analyzed their pros and 

cons.  

5.3.1. RSTTool 

RSTTool (O'Donnell, 1997) is an annotation tool that facilitates the annotation of 

the rhetorical structure of a text. It allows users to segment a text into discourse units and 

to connect those units with appropriate relations into an RST tree. RSTTool directly 

imports the RST files from the RST-DT, and provides the most convenient representation 

of the relational annotation. In fact, the RST-DT was built using a modified version of 

RSTTool (O'Donnell, 1997). Figure 15 shows an RST tree annotated by RSTTool. 

 

Figure 15: Relation annotation using RSTTool 

 
9 http://www.wagsoft.com/RSTTool/ 
10 http://mmax2.sourceforge.net/ 
11 http://clg.wlv.ac.uk/projects/PALinkA/ 
12 http://www.wagsoft.com/CorpusTool/ 
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From a practical point of view, however, RSTTool does not qualify for most of 

our requirements, including the ability to have a flexible annotation scheme, 

customizability, convertibility, or the provision to include multiple annotations for a 

single relation. 

5.3.2. MMAX2 

MMAX2 (Müller & Strube, 2006) provides annotation of linguistic data on 

multiple levels. MMAX2 produces XML-coded output (while it usually imports XML-

coded input). However, for our annotation task it poses a problem because upon 

importing the XML data (LISP files from the RST-DT converted into XML) MMAX2 

only provides visualization of the raw text, and not the relations that we need to annotate. 

As a remedy to this problem, we started selecting the first word of every satellite 

(relatively less important span) of a relation for tagging. This strategy worked as long as 

we had access to the relations in the same RST files (using some other tool, such as 

RSTTool), so that we could match a tagged element to the original relation in the RST 

file. 

MMAX2 supports multiple levels in annotation scheme although the levels are 

not organized hierarchically because they are in different and unconnected layers. In 

terms of customizability, one can modify the annotation scheme by separately editing the 

annotation scheme file, since the tool does not provide any graphical access to do so. 

MMAX2 also does not have a provision for inserting multiple annotation tags for a single 

relation. This tool is moderately easy to use, although its graphical interface is not very 

user-friendly, since one has to operate on two or three different windows at the same time 

during annotation.  

5.3.3. PALinkA 

PALinkA (Orăsan, 2003) is used to perform a variety of discourse annotation 

tasks. PALinkA imports and stores data in XML format. However, in our annotation task 
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PALinkA, like MMAX2, does not display any relational information, but only raw text. 

As a result, as with MMAX2, we had to have each RST file opened in both RSTTool and 

PALinkA in order to match tagged elements to the original relations. 

Unfortunately, PALinkA does not support a hierarchical annotation scheme or 

multiple annotations for a single element. Nor does it provide a graphical user interface to 

edit annotation schemes. On the other hand, it is relatively easy to use, and it has a simple 

and convenient graphical interface, allowing annotated elements to be placed inside 

brackets and marked with different colors. 

5.3.4. UAM CorpusTool 

UAM CorpusTool (O'Donnell, 2008) provides annotation of texts at multiple 

levels defined by the user (document layer, semantic-pragmatic level, syntactic level, 

etc.). The tool can directly import RST files, and show the discourse structure of a text in 

the form of RST trees, although it does not support layered annotation on top of RST-

level structures. We, however, found out that it is possible to import the RST base files 

(along with all relational information) into UAM CorpusTool after converting them from 

LISP format to a simple text file format. This allowed us to select individual relations and 

tag them with relevant signal tags. In addition, the annotated data in UAM CorpusTool is 

stored in XML. 

With respect to the annotation scheme requirements, UAM CorpusTool allows us 

to create a hierarchically-organized tagging scheme, and it also provides multiple 

annotations for a single element. In terms of simplicity, UAM CorpusTool is primarily 

aimed at those users with little or no prior computational knowledge. It also provides an 

adequate visualization of source and annotated data. 

UAM CorpusTool has two added advantages over those provided by other tools. 

First, it provides an excellent tag-specific search option for finding relevant annotated 

segments. Second, UAM CorpusTool provides various types of statistical analyses of the 

corpus. For all these reasons, we have chosen UAM CopusTool for our annotation task. 
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5.4. Procedure 

In our signalling annotation, we perform a sequence of three tasks: (i) we examine 

each relation in the RST-DT; (ii) assuming the relational annotation is correct, we search 

for signals that indicate that such relation is present; and finally (iii) we add to those 

relations a new layer of annotation of signalling information.   

We annotate all the 385 documents in the RST-DT (divided into 347 training 

documents and 38 test documents) containing 20,123 relations in total. We use the 

taxonomy of signals (presented in Table 4) to annotate the signals for those relations in 

the corpus. In some cases, more than one signal may be present. When confronted with a 

new instance of a particular type of relation, we consulted our taxonomy, and tried to find 

the appropriate signal(s) that could best function as the indicator(s) for that relation 

instance. If our search led us to assigning an appropriate signal (or more than one 

appropriate signal) to that relation, we declared success in identifying the signal(s) for 

that relation. If our search did not match any of the signals in the taxonomy, then we 

examined the context (comprising the spans) to discover any potential new signals. If a 

new signal was identified, we included it in the appropriate category in our existing 

taxonomy. In this way, we proceed through identifying the signals of the relations in the 

corpus, and, at the same time, keep on updating our taxonomy with new signalling 

information, if necessary. We found that after approximately 50 files, or 2,000 relations, 

we added very few new signals to the taxonomy. 

We would also like to mention that we annotate 21,400 relations in practice. This 

number is higher than the number of relations (20,123) stated above. This is because in 

the RST-DT some multinuclear relations, mostly List, Contrast and Sequence, often 

occur with more than two nuclei, and these relations (with three or more nuclei) are 

considered to be single relations. For example, the following List relation (from 

wsj_1369, the RST-DT) in Figure 16 represents such a situation. 
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Figure 16: Example of a multinuclear relation with more than two nuclei 

In this List relation, there are four nuclei, and these nuclei are connected to each other by 

a single relation. However, in our signalling annotation we consider such a relation to be 

a number of binuclear relations (relation with two nuclei). In other words, we divide a 

multinuclear relation containing three or more nuclei into a series of two or more 

binuclear relations in which every linear pair of adjacent spans are considered to be 

linked by a binuclear relation. For example, we divide the List relation in Figure 16 into 

three single List relations, respectively holding between the first and the second nuclei, 

then between the second and the third nuclei, and finally, between the third and the fourth 

nuclei. We encounter numerous instances of such relations in the corpus, and this makes 

us annotate signals for a higher number of relations (21,400 relations) than those (20,123 

relations) originally counted in the RST-DT.  

In the annotation process, we import the RST files (in a text file format, converted 

from the LISP format) into UAM CorpusTool. The visualization window of UAM 

CorpusTool shows the existing relational annotations, including the RST-segmented texts 

and the names of the relations holding between text spans. For tagging a particular 

relation instance, we select the name of the relation, and then choose from the annotation 

scheme (the taxonomy of signals already incorporated in the tool) the appropriate set of 

signalling tags (organized into three levels: signal class, signal type and specific signal) 

in order to assign signalling information to that relation. If the relation contains more 

signals, we select the relation again (and again, if necessary) and re-do the above-
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mentioned steps. A snapshot of the annotation window in UAM CorpusTool is provided 

in Figure 17. 

 

Figure 17: Signalling annotation in UAM CorpusTool 

5.5. An Example of Signalling Annotation 

We provide the annotation of a short RST file from the RST-DT (file number: 

wsj_650) with signalling information. The file contains the following text.  

(35) Sun Microsystems Inc., a computer maker, announced the effectiveness of its 

registration statement for $125 million of 6 3/8% convertible subordinated 

debentures due Oct. 15, 1999.  

The company said the debentures are being issued at an issue price of 

$849 for each $1,000 principal amount and are convertible at any time prior to 

maturity at a conversion price of $25 a share.  

The debentures are available through Goldman, Sachs & Co. 
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The graphical representation of the RST analysis of this text using the RSTTool is 

provided in Figure 18. 

 

Figure 18: Graphical representation of an RST analysis 

The RST analysis shows that the text comprises five spans which are represented 

in the diagram (in Figure 18) by the numbers, 1, 2, 3, 4 and 5, respectively. In the 

diagram, the arrowhead points to a span refer to the nuclei, and the arrow points away 

from another span refer to the satellites. Span 3 (nucleus) and span 4 (nucleus) are in a 

multinuclear List relation, and together they make the combined span 3-4. Span 2 

(satellite) is connected to span 3-4 (nucleus) by an Attribution relation, and together they 

make the combined span 2-4. A multinuclear List relation holds between spans 2-4 

(nucleus) and 5 (nucleus), and together they make the combined span 2-5. Finally, span 

2-5 (satellite) is connected to span 1 (nucleus) by an Elaboration (more specifically, 

Elaboration-addition-e) relation. 

We annotate the relations in the text with appropriate signalling information. A 

detailed description of our annotation is provided in Table 5. 
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Table 5: Annotation of an RST file with relevant signalling information 

File N S Relation Signal type Specific signal Explanation: How signalling 

works 

wsj_650 1 2-5 Elaboration

-additional 

genre inverted 

pyramid scheme 

In the newspaper genre, the 

content of the first paragraph (or 

the first few paragraphs) is 

elaborated on in the subsequent 

paragraphs. 

semantic lexical overlap The word debentures occurs both 

in the nucleus and satellite. 

lexical chain Words such as debentures, issue 

price, convertible, conversion 

price and share are in a lexical 

chain. 

(semantic + 

syntactic) 

(lexical chain + 

subject NP) 

The phrases Sun Microsystems 

Inc. and the company in the 

respective spans are in a lexical 

chain, and the latter is 

syntactically used as the subject 

NP of the sentence the satellite 

starts with. 

3/4  List DM and The DM and functions as a signal 

for the List relation. 

3-4 2 Attribution syntactic reported speech The reporting clause plus the 

reported clause construction is a 

signal for the Attribution relation. 

2-4/5  List semantic lexical chain The words, issued, convertible, 

debentures, available, in the 

respective spans are semantically 

related. 

 

According to our annotation, the Elaboration relation between spans 1 and 2-5 is 

indicated by three types of signals, more specifically by two types of single signals: genre 

and semantic features; and by a combined type of signal: (semantic + syntactic) feature. 

First, the text represents the newspaper genre (since it is taken from a Wall Street Journal 

article). In newspaper texts, the content of the first (or the first few) paragraphs is 

typically elaborated on in the subsequent paragraphs. A reader, being conscious of the 

fact that he/she is reading a newspaper text, expects the presence of an Elaboration 

relation between the first paragraph (or the first few paragraphs) and subsequent 

paragraphs. It is this prior knowledge about the textual organization of the newspaper 

genre that guides the reader to interpret an Elaboration relation between paragraphs in a 
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news text. In this particular example, the entire first paragraph is the nucleus of the 

Elaboration relation, with the two following paragraphs being its satellite. Thus, we 

postulate that the Elaboration relation is conveyed by the genre feature (more specifically 

by a feature which we call inverted pyramid scheme). Second, the Elaboration relation is 

also signalled by two semantic features: lexical overlap and lexical chain. The word 

debentures occurs in both the nucleus and satellite spans, indicating the presence of the 

same topic in both spans, with an elaboration in the second span of some topic introduced 

in the first span. Also, words such as convertible and debentures in the first span and 

words (or phrases) such as issue price, convertible, conversion price and share in the 

second span are semantically related. These words form a lexical chain which is a strong 

signal for an Elaboration relation. Finally, we postulate that a combined feature (semantic 

+ syntactic), made of two individual features, is operative in signalling the Elaboration 

relation. One can notice that the entity Sun Microsystems Inc., mentioned in the nucleus, 

is elaborated on in the satellite. The phrase Sun Microsystems Inc. is semantically related 

to the phrase the company in the satellite, and hence, they are in a lexical chain. 

Syntactically, the phrase the company is used as the subject NP of the sentence the 

satellite starts with, representing the topic of the Elaboration relation. 

The List relation between spans 3 and 4 is conveyed in a straightforward (albeit 

underspecified) way by the use of the DM and. 

The Attribution relation between spans 2 and 3-4 is indicated by a syntactic 

signal, the reported speech feature, in which the reporting clause (span 2) functions as the 

satellite and the reported clause (span 3-4) functions as the nucleus. The key is the 

subject-verb combination with a reported speech verb (said). 

Finally, the List relation between spans 2-4 and 5 is indicated by a semantic 

feature, lexical chain. The words such as issued and convertible (in the first nucleus) and 

words debentures and available (in the second nucleus) are semantically related, 

indicating (perhaps loosely) a List relation between the spans. 
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5.6. Reliability of Annotation 

Our list of signals and the annotation procedure were agreed upon after several 

iterations of the taxonomy, and after adding more signals when our initial analysis 

revealed more than we had originally listed.  

In order to check the validity and reproducibility of our initial annotation and 

original taxonomy, we conduct a reliability study.  We select 130 relations from two files 

in the RST-DT, after ensuring that the relation sample is representative of the overall 

distribution of the entire collection of the relations in the corpus. The 130 relations in 

those two files are annotated separately by two annotators, the present author (who also 

annotate the entire RST-DT) and his supervisor. We concentrate on whether we agree on 

each of the signals for every single relation. Some relations have multiple signals (more 

than one signal), and some relations have combined signals. As calculating agreement on 

those becomes very complex quite quickly, we stay with single signals. Also because of 

the complexity of the task, we calculate agreement focusing only the signal types in the 

signalling taxonomy, as provided in Table 4. We concentrate whether we agree on the 

type of signal, not necessarily on where it is conveyed in the text (e.g., for a lexical chain, 

we annotate semantic, but not what words or phrases are involved in the chain). 

Our original taxonomy of signals evaluated in the reliability study included nine 

types of single signals
13

. The description of these signals is provided in Table 6. A more 

detailed description of these signals can be found in Taboada and Das (2013).  

 

 

 
13  The original taxonomy also included ten types of combined signals (see Taboada and Das 

(2013) for more information). 
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Table 6: Description of signals in the original taxonomy 

# Signal type Description 

 

1 

 

DM 

DMs are lexical expressions (e.g., and, if, since, then) which are 

primarily drawn from different syntactic categories, such as 

conjunctions, adverbials and prepositional phrases. DMs connect 

discourse segments, and they signal a coherence relation between 

those segments.  

 

2 

 

Entity 

Entity features include links where entities, similar or dissimilar, 

help interpret the relation. Entities are of different types, such as 

given entity, different entities and mutually exclusive entities. 

 

 

3 

 

 

Genre 

Genre helps guide the interpretation of relations when the style of 

the genre is well known to the reader. In the newspaper genre that 

all the texts in the corpus belong to, it is common to start the text 

with general information, and to continue with further details. This 

results in Elaboration relations, with the nucleus being the first 

sentence or paragraph, and the rest of the article acting as a satellite 

that expands on the beginning of the text. 

4 Graphical Graphical and other punctuation features, such as lists and 

headings, and other forms of layout are sometimes indicators of a 

relation. 

 

5 

 

Lexical 

Lexical features include the use of indicative words and phrases, 

such as individual words that indicate a relation, for example, the 

verbs concede and cause for Concession and Cause respectively. 

 

6 

 

Morphologic

al 

Among morphological features, tense is the most prominent one, 

helping indicate temporal relations (Circumstance in RST terms), 

or more general Circumstances, as is the case with some instances 

of non-finite verbs. 

 

7 

 

Numerical 

Numerical elements are present in List relations, but also in more 

subtle ways, when an Elaboration consists of providing a general 

word (in this case, a number) and then listing the contents of that 

word. 

 

8 

 

Semantic 

A semantic feature has two components, each belonging to one of 

the spans. The components are in a semantic relationship with each 

other, such as synonymy, antonymy and lexical chain. 

 

9 

 

Syntactic 

At the syntactic level there are a host of constructions that help 

identify a relation. From word order, such as subject-verb inversion 

for Condition (Had he known…) to sentence mood, such as the use 

of interrogatives to signal Solutionhood. 

 

We use Cohen’s Kappa (Siegel & Castellan, 1988) for calculating the agreement 

value, with nominal data representing the aforementioned nine categories in our 

classification, plus an additional category unsure, used to indicate the situations in which 
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the annotators did not find any identifiable signal. The confusion matrix representing the 

agreements and disagreements between the two annotators for 130 instances of signalling 

annotation is provided in Table 7. 

Table 7: Confusion matrix of agreements and disagreements between two 

annotators 

     A2      

 DM ent genre graph lex morph numer sem syn no sig Total 

DM 25 0 0 0 1 0 0 0 0 0 26 

ent 0 5 0 0 0 0 0 0 0 0 5 

genre 0 0 0 0 0 0 0 0 0 0 0 

graph 0 0 0 4 0 0 0 0 0 0 4 

A1 lex 1 0 0 0 3 0 0 0 0 1 5 

 morph 0 0 0 0 0 0 0 0 0 0 0 

numer 0 0 0 0 0 0 0 0 0 0 0 

sem 1 14 0 0 0 2 0 7 0 6 30 

syn 0 0 0 0 0 0 0 0 53 3 56 

no sig 1 1 0 0 0 0 0 0 1 1 4 

Total 28 20 0 4 4 2 0 7 54 11 130 

Note: A1 = Annotator 1; A2 = Annotator 2 

 

The unweighted and weighted kappa values for our reliability study are 0.67 and 

0.71, respectively, which imply moderate agreement. Given that there are 10 different 

categories to choose from, we feel that this is a good level of agreement, and we do 

believe that our annotation is reproducible. 

The distribution in Table 7 also shows that agreements are higher for signals such 

as DM and syntactic type. This is expected since both these signal types include the most 

categorical signals. DMs are very prominent markers since they are more or less fixed 

lexical expressions and occur mostly in the beginning of a text span. The syntactic type 

also includes a variety of unambiguous types of constructions such as relative clause, 

participial clause or reported speech which are easy to distinguish.  

On the other hand, signals for which the annotators mostly disagree include entity 

and semantic types. It is also seen that one of the types is often chosen for the other, that 

is, while one annotator selects entity as the relevant signal for a certain relation, the other 



 

107 

annotator annotates it as being semantic. This leads us to review the definitions of these 

signals, and upon closer inspection we observe that many of the attributes of entity and 

semantic features actually overlap. Initially, we had reserved the category entity for those 

signals that involved reference to the same referent. The category semantic was reserved 

for semantic relations that do not necessarily involve same reference, such as synonymy. 

This distinction works along the lines of Halliday and Hasan’s (1976) grammatical versus 

lexical cohesion, with entity signals being close to the reference system in Halliday and 

Hasan’s grammatical cohesion. Our semantic group of signals contains lexical cohesion 

relations, such as synonyms, antonyms and hypernyms. The problem, however, is that 

lexical cohesion also includes repetition of the same item which is, strictly speaking, 

reference to the same referent, and thus entity in our system. As a solution to this 

problem, in our final annotation we substituted the entity type with a new type, reference, 

drawn from Halliday and Hasan (1976), with the latter exclusively represented by 

pronouns and other referential expressions. The semantic type, on the other hand, is kept 

apart for identifying semantic relationships which are represented by devices of lexical 

cohesion, and not by pronouns and referential expressions. 

5.7. Similar Work 

Research on the development of annotated corpora with textual signals has 

recently received considerable attention in discourse communities. We outline here some 

of the well-known corpus annotation projects. 

Studies involving annotating signals in discourse have mainly been restricted to 

annotating DMs. The largest available discourse annotated corpus, the Penn Discourse 

Treebank or PDTB (Prasad et al., 2008), presents annotations of 18,459 explicit and 

16,053 implicit discourse connectives (DMs) and their corresponding discourse relations 

in English newspaper texts (Prasad et al., 2007). Following the PDTB, a number of 

annotated corpora have been developed in other languages, such as Arabic (Al-Saif & 

Markert, 2010), Czech (Mladová et al., 2008), Hindi (Kolachina et al., 2012), Italian 



 

108 

(Tonelli et al., 2010), Turkish (Zeyrek et al., 2010) and German (Versley & Gastel, 

2013).   

Sometimes, annotation projects focus on annotating a particular relation type and 

its corresponding DMs. For example, Derczynski and Gaizauskas (2013) develop a 

corpus called TB-sig annotated for temporal relations and temporal DMs (such as before 

and as soon as). 

Attempts to annotate signals of coherence relations other than DMs have also 

been made in a few corpus-based projects. Afantenos et al. (2012) present ANNODIS, a 

corpus in French, which provides annotation of a wide range of textual signals in 

discourse. The annotated signals in ANNODIS are divided into the following four 

categories (Ho-Dac et al., 2009). 

1) Trigger cues: punctuational and lexico-semantic patterns (e.g., a paragraph ending 

with [:]), layout (e.g., headings) 

2) Co-item cues: punctuational and lexico-semantic patterns (e.g., certain sentence-

initial adverbials such as first, thirdly and finally; also circumstantial sentence-

initial adverbials or grammatical subjects such as the second point and the last 

characteristic), layout (e.g., bullets, indentation and formatted lists) and syntactic 

parallelism 

3) Closure cues: lexico-syntactic encapsulation patterns (e.g., demonstrative NP) 

4) Other cues relative to discourse organization: sentence-initial connectors, co-

referential expressions in grammatical subject positions (pronouns, reiterations, 

etc.) 

Redeker et al. (2012) compile a corpus of Dutch texts annotated with discourse 

structure and lexical cohesion. The cohesive devices representing lexical cohesion in the 

corpus include features such as lexical expressions indicative of certain relations, 

anaphoric chains and ellipsis. 
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Duque (2014) develops a small of corpus of 84 texts, annotating only two 

relations, Cause and Result, from the RST Spanish Treebank (da Cunha et al., 2011) with 

signalling information using numerous linguistic features, such as DMs, anaphors, non-

finite verbs and genre structure. 

5.8. Conclusion 

In this chapter, we have provided a detailed description of the methodology of the 

present study. We have described our corpus, the RST Discourse Treebank or RST-DT, 

chosen for annotating signals of coherence relations. We have also explained the 

motivation for selecting the corpus, and discussed some of the theoretical problems 

associated with the principles adopted for annotating the corpus.  

We have outlined the taxonomy of signals used in the present annotation task. The 

signals in our taxonomy are organized hierarchically, comprising three levels of signals: 

signal classes, signal types and specific signals. We have also described UAM 

CorpusTool used for the signalling annotation task, and explained how it serves our 

purpose. 

We have described the procedure of our signalling annotation task, including 

different steps followed in the annotation process. To illustrate this, we have provided an 

annotation example, examining the relations in a document from the RST-DT, and 

annotating those relations with relevant signalling information.  

We have also conducted a reliability study for evaluating the validity of our 

annotation, and motivated reasons for reproducing the present annotation. Finally, we 

have provided an overview of recent corpus studies involving the annotation of signalling 

information in discourse. 

We apply the methodology described in this chapter to the annotation of 385 

documents in the RST-DT. We provide the results from our corpus analysis in the next 

chapter. 



 

110 

Chapter 6. Results 

As described in the previous chapter, we examined the coherence relations in the 

RST Discourse Treebank (Carlson et al., 2002), and annotated those relations with 

respect to signalling information. In this chapter, we present the results from our corpus 

study. In particular, we provide the statistical distributions of the relations and the signals, 

and discuss the nature of correlation between them. 

This chapter is organized as follows: In Section 6.1, we provide the overall 

distribution of relation groups and individual relations in the corpus. In Section 6.2, we 

provide the distribution of relations with respect to whether they are signalled or 

unsignalled, and also the distribution of relations and their signals (DMs, other signals 

and multiple signals, in particular) with respect to each other. Finally, Section 6.3 

summarizes the chapter, and provides the conclusion. 

6.1. Overall Distribution of Relations in the RST-DT 

The RST Discourse Treebank includes 20,123 coherence relations in total. The 

distribution of the relations in the corpus is provided in Table 8. 

Table 8: Distribution of relations in the RST-DT 

# Relation Groups Relations Frequency Total 

1. Attribution Attribution 3,070 3,070 

2. Background Background 227 937 

Circumstance 710 

 

3. 

 

Cause 

Cause 52  

693 Result 159 

Cause-Result 65 

Consequence 417 

  Comparison 236  
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4. Comparison Preference  15 274 

Analogy 20 

Proportion 3 

 

5. 

 

Condition 

Condition 239  

328 Hypothetical 46 

Contingency 27 

Otherwise 16 

 

6. 

 

Contrast 

Contrast 352  

1,047 Concession 293 

Antithesis 402 

 

 

 

7. 

 

 

 

Elaboration 

Elaboration-additional 4,144  

 

 

7,902 

Elaboration-general-specific 473 

Elaboration-part-whole 44 

Elaboration-process-step 3 

Elaboration-object-attribute 2,698 

Elaboration-set-member 129 

Example 332 

Definition 79 

8. Enablement Purpose 537 568 

Enablement 31 

 

9. 

 

Evaluation 

Evaluation 192  

600 Interpretation 213 

Conclusion 5 

Comment 190 

 

10. 

 

Explanation 

Evidence 174  

986 Explanation-argumentative 606 

Reason 206 

11. Joint List 1,211 1,232 

Disjunction 21 

12. Manner-Means Manner 96 226 

Means 130 

 

 

13. 

 

 

Topic-Comment 

Problem-solution 65  

 

156 
Question-answer 33 

Statement-response 32 

Topic-comment 5 

Comment-topic 2 

Rhetorical-question 19 

14. Summary Summary 83 223 

Restatement 140 

 

 

15. 

 

 

Temporal 

Temporal-before 44  

 

443 
Temporal-after 93 

Temporal-same-time 160 

Sequence 131 
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Inverted-sequence 15 

16. Topic Change Topic-shift 35 89 

Topic-drift 54 

17. TextualOrganization TextualOrganization 157 157 

18. Span Span 0 0 

19. Same-unit Same-unit 1,192 1,192 

 TOTAL  20,123 20,123 

 

In practice, we annotated 21,400 instances of relations because, as explained in 

the previous chapter (see Section 5.4), we considered multinuclear relations with more 

than two nuclei (mostly for List, Contrast and Sequence) to be a number of individual 

binuclear relations (relations with two nuclei), and this resulted in annotating a higher 

number of relations (21,400 relations) than those (20,123 relations) originally counted in 

the RST-DT (see Table 8). The distribution of the signal-wise annotated relations is 

provided in Table 9. Notice that the distribution for relations such as List, Comparison, 

Contrast, Sequence and Topic-Shift in the (signal-wise) annotated version of the corpus 

(in Table 9) shows a higher number of instances for these relations than those presented 

in Table 8. 

Table 9: Distribution of annotated relations in the RST-DT 

# Relation Groups Relations Frequency Total 

1. Attribution Attribution 3,070 3,070 

2. Background Background 227 937 

Circumstance 710 

 

3. 

 

Cause 

Cause 52  

693 Result 159 

Cause-Result 65 

Consequence 417 

 

4. 

 

Comparison 

Comparison 265  

303 Preference 15 

Analogy 20 

Proportion 3 

 

5. 

 

Condition 

Condition 239  

328 Hypothetical 46 

Contingency 27 

Otherwise 16 

  Contrast 435  
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6. Contrast Concession 293 1,130 

Antithesis 402 

 

 

 

7. 

 

 

 

Elaboration 

Elaboration-additional 4,144  

 

 

7,902 

Elaboration-general-specific 473 

Elaboration-part-whole 44 

Elaboration-process-step 3 

Elaboration-object-attribute 2,698 

Elaboration-set-member 129 

Example 332 

Definition 79 

8. Enablement Purpose 537 568 

Enablement 31 

 

9. 

 

Evaluation 

Evaluation 192  

600 Interpretation 213 

Conclusion 5 

Comment 190 

 

10. 

 

Explanation 

Evidence 174  

986 Explanation-argumentative 606 

Reason 206 

11. Joint List 1,955 1,982 

Disjunction 27 

12. Manner-Means Manner 96 226 

Means 130 

 

 

13. 

 

 

Topic-Comment 

Problem-solution 65  

 

156 
Question-answer 33 

Statement-response 32 

Topic-comment 5 

Comment-topic 2 

Rhetorical-question 19 

14. Summary Summary 83 223 

Restatement 140 

 

 

15. 

 

 

Temporal 

Temporal-before 44  

 

530 
Temporal-after 93 

Temporal-same-time 160 

Sequence 218 

Inverted-sequence 15 

16. Topic Change Topic-shift 118 205 

Topic-drift 87 

17. TextualOrganization TextualOrganization 157 157 

18. Span Span 0 0 

19. Same-unit Same-unit 1,404 1,404 

 TOTAL  21,400 21,400 
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The distribution of relation in Table 9 shows that the most frequently occurring 

relation group in the RST-DT is Elaboration (7,902 instances, 36.93% of the total 

relations) which includes Elaboration-additional with the highest number of instances 

(4,144) for an individual relation in the corpus. The other most frequently occurring 

relation groups are Attribution (3,070 instances), Background (937 instances), Contrast 

(1130 instances), Explanation (986 instances) and Joint (1982 instances). On the other 

hand, the least frequently occurring relation groups are Comparison (303 instances), 

Condition (328 instances), Manner-Means (226 instances), Topic-Comment (156 

instances), Summary (223 instances), Topic-Change (205 instances) and 

TextualOrganization (157 instances). 

6.2. Distribution of Relations with Respect to Signalling 

The distribution of signalled relations (relations indicated by DMs or other 

signals) and unsignalled relations (relations not indicated by DMs or other signals) is 

provided in Table 10. 

Table 10: Distribution of signalled and unsignalled relations 

Relation Type Signalling Type Frequency Percentage 

 

Signalled relations 

Relations exclusively signalled by DMs 2,280 10.65% 

Relations exclusively signalled by other 

signals 

15,951 74.54% 

Relations signalled by both DMs and 

other signals 

1,616 7.55% 

TOTAL 19,847 92.74% 

Unsignalled 

relations 

Relations not signalled by DMs or other 

signals 

1,553 7.26% 

TOTAL 21,400 100.00% 

 

Table 10 shows that 19,847 relations (92.74%), out of all the 21,400 annotated 

relations, are signalled either by DMs or by means of other signals or by both. On the 

other hand, no significant signalling evidence is found for the remaining 1,553 relations 

(7.26%). Furthermore, 10.65% of the relations are exclusively signalled by DMs while 
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74.54% of the relations are exclusively indicated by other signals. In addition, 1,616 

relations or 7.55% of the relations in the corpus are indicated by both DMs and other 

signals. This result suggests that if we limit the signalling phenomenon only to DMs (as 

postulated in most previous studies on signalling), then the degree of signalling is indeed 

very low: Only 18.21% of the relations in the corpus (2,280 + 1,616 = 3,896 relations out 

of 21,400 relations) are signalled (by DMs). 

In Table 11, we provide the relative distribution of relation groups and individual 

relations with respect to whether they are indicated by DMs, by other signals, or whether 

they are unsignalled. 

Table 11: Distribution of relations and relation groups with respect to signalling 

 

# 

 

Relation 

Group 

 

Relation 

# relations 

exclusively 

signalled 

by DMs 

# relations 

exclusively 

signalled by 

other signals 

# relations 

signalled by 

both DMs and 

other signals 

# 

relations 

not 

signalled 

 

Total 

1 Attribution Attribution 5 3,056 0 9 3,070 

2 Background Background 11 163 11 42 227 

Circumstance 292 249 94 75 710 

 

3 

 

Cause 

Cause 13 22 8 9 52 

Result 65 35 22 37 159 

Cause-Result 27 14 15 9 65 

Consequence 108 185 50 74 417 

 

4 

 

Comparison 

Comparison 30 170 42 23 265 

Preference 7 4 4 0 15 

Analogy 10 5 1 4 20 

Proportion 0 2 1 0 3 

 

5 

 

Condition 

Condition 219 13 2 5 239 

Hypothetical 8 0 0 38 46 

Contingency 19 4 1 3 27 

Otherwise 6 1 8 1 16 

 

6 

 

Contrast 

Contrast 138 83 167 47 435 

Concession 189 13 75 16 293 

Antithesis 199 39 131 33 402 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Elaboration-

additional 

48 3,770 225 101 4,144 

Elaboration-

general-

specific 

6 440 6 21 473 

Elaboration-

part-whole 

1 42 1 0 44 
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7 

 

Elaboration 

Elaboration-

process-step 

0 2 0 1 3 

Elaboration-

object-attribute 

7 2,675 3 13 2,698 

Elaboration-

set-member 

1 124 1 3 129 

Example 25 224 27 56 332 

Definition 0 46 0 33 79 

8 Enablement Purpose 11 514 1 11 537 

Enablement 7 2 0 22 31 

 

9 

 

Evaluation 

Evaluation 7 155 21 9 192 

Interpretation 9 156 20 28 213 

Conclusion 1 1 0 3 5 

Comment 9 142 4 35 190 

 

10 

 

Explanation 

Evidence 9 94 7 64 174 

Explanation-

argumentative 

60 309 23 214 606 

Reason 84 58 31 33 206 

11 Joint List 285 1,025 533 112 1,955 

Disjunction 11 1 15 0 27 

12 Manner-

Means 

Manner 19 59 7 11 96 

Means 2 116 3 9 130 
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Topic-

Comment 

Problem-

solution 

3 38 5 19 65 

Question-

answer 

2 5 1 25 33 

Statement-

response 

1 16 1 14 32 

Topic-

comment 

0 0 0 5 5 

Comment-

topic 

0 1 0 1 2 

Rhetorical-

question 

1 2 0 16 19 

14 Summary Summary 3 66 0 14 83 

Restatement 4 107 0 29 140 
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Temporal 

Temporal-

before 

36 4 2 2 44 

Temporal-after 66 18 3 6 93 

Temporal-

same-time 

114 20 1 25 160 

Sequence 78 69 41 30 218 

Inverted-

sequence 

5 7 1 2 15 

16 Topic-

Change 

Topic-shift 3 28 0 87 118 

Topic-drift 16 2 1 68 87 

17 Textual Textual 0 156 0 1 157 
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Organization organization 

18 Span Span 0 0 0 0 0 

19 Same-Unit Same-unit 0 1,399 0 5 1,404 

TOTAL 2,280 15,951 1,616 1,553 21,400 

PERCENTAGE 10.65% 74.54% 7.55% 7.26% 100% 

 

The distribution in Table 11 shows that almost every group of relations contain 

signals, either DMs or other signals. In particular, relation groups such as Attribution, 

Cause, Condition, Contrast, Elaboration, Enablement, Joint, Temporal and 

TextualOrganization are most frequently signalled
14

. On the other hand, there are only 

two relation groups, Topic-Comment and Topic-Change, for which the signalling is not 

very common. We provide the reasons for not finding signals for these relation groups 

(and also the other unsignalled relations in the corpus) in the next chapter (Section 7.1.5). 

With respect to individual relations, relations such as Attribution, Cause, 

Comparison, Contrast, Concession, Elaboration-additional, Elaboration-object-attribute, 

Purpose, List, Temporal-same-time and TextualOrganization contain a noticeably high 

number of signals (either DMs or other signals, or both). In contrast, a few individual 

relations such as Hypothetical, Enablement, Topic-Drift and Topic-Shift are signalled 

infrequently in the corpus. 

In Table 12, we provide the percentage-wise distribution of individual relations 

with respect to whether they are signalled by DMs, by other signals, or whether they are 

unsignalled. 

 

 

 
14  We exclude Same-Unit from this list because Same-unit is not a true coherence relation. In 

the RST-DT, it is used to join discontinuous grammatical elements, such as subject NP and 

VP.   
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Table 12: Percentage-wise distribution of individual relations with respect to 

signalling 

 

# 

 

Relation 

% of 

relations 

exclusively 

signalled by 

DMs 

% of 

relations 

exclusively 

signalled by 

other signals 

% of relations 

signalled by 

both DMs 

and other 

signals 

% of 

relations 

not 

signalled 

 

# of 

total 

relation

s 

1 Attribution 0.16% 99.54% 0.00% 0.29% 3,070 

2 Background 4.85% 71.81% 4.85% 18.50% 227 

3 Circumstance 41.13% 35.07% 13.24% 10.56% 710 

4 Cause 25.00% 42.31% 15.39% 17.31% 52 

5 Result 40.88% 22.01% 13.84% 23.27% 159 

6 Cause-Result 41.54% 21.54% 23.08% 13.85% 65 

7 Consequence 25.90% 44.37% 11.99% 17.75% 417 

8 Comparison 11.32% 64.15% 15.85% 8.68% 265 

9 Preference 46.67% 26.67% 26.67% 0.00% 15 

10 Analogy 50.00% 25.00% 5.00% 20.00% 20 

11 Proportion 0.00% 66.67% 33.33% 0.00% 3 

12 Condition 91.63% 5.44% 0.84% 2.09% 239 

13 Hypothetical 17.39% 0.00% 0.00% 82.61% 46 

14 Contingency 70.37% 14.82% 3.70% 11.11% 27 

15 Otherwise 37.50% 6.25% 50.00% 6.25% 16 

16 Contrast 31.72% 19.08% 38.39% 10.81% 435 

17 Concession 64.51% 4.44% 26.60% 5.46% 293 

18 Antithesis 49.50% 9.70% 32.59% 8.21% 402 

19 Elaboration-

additional 

1.19% 90.98% 5.43% 2.44% 4,144 

20 Elaboration-

general-

specific 

1.27% 93.02% 1.27% 4.44% 473 

21 Elaboration-

part-whole 

2.27% 95.46% 2.27% 0.00% 44 

22 Elaboration-

process-step 

0.00% 66.67% 0.00% 33.33% 3 

23 Elaboration-

object-

attribute 

0.26% 99.15% 0.11% 0.48% 2,698 

24 Elaboration-

set-member 

0.78% 96.12% 0.78% 2.33% 129 

25 Example 7.53% 67.47% 8.13% 16.87% 332 

26 Definition 0.00% 58.23% 0.00% 41.77% 79 

27 Purpose 2.05% 95.72% 0.19% 2.05% 537 

28 Enablement 22.58% 6.45% 0.00% 70.97% 31 

29 Evaluation 3.65% 80.73% 10.94% 4.69% 192 

30 Interpretation 4.23% 73.24% 9.39% 13.15% 213 

31 Conclusion 20.00% 20.00% 0.00% 60.00% 5 

32 Comment 4.74% 74.74% 2.11% 18.42% 190 
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33 Evidence 5.17% 5.40% 4.02% 36.78% 174 

34 Explanation-

argumentative 

9.90% 50.99% 3.80% 35.31% 606 

35 Reason 40.77% 28.16% 15.05% 16.02% 206 

36 List 14.58% 52.43% 27.26% 5.73% 1,955 

37 Disjunction 40.74% 3.70% 55.56% 0.00% 27 

38 Manner 19.80% 61.46% 7.29% 11.46% 96 

39 Means 1.54% 89.23% 2.31% 6.92% 130 

40 Problem-

solution 

4.62% 58.46% 7.69% 29.23% 65 

41 Question-

answer 

6.06% 15.15% 3.03% 75.76% 33 

42 Statement-

response 

3.13% 50.00% 3.13% 43.75% 32 

43 Topic-

comment 

0.00% 0.00% 0.00% 100.00% 5 

44 Comment-

topic 

0.00% 50.00% 0.00% 50.00% 2 

45 Rhetorical-

question 

5.26% 10.53% 0.00% 84.21% 19 

46 Summary 3.61% 79.52% 0.00% 16.87% 83 

47 Restatement 2.86% 76.43% 0.00% 20.71% 140 

48 Temporal-

before 

81.82% 9.09% 4.55% 4.55% 44 

49 Temporal-after 70.97% 19.36% 3.23% 6.45% 93 

50 Temporal-

same-time 

71.25% 12.5% 0.63% 15.63% 160 

51 Sequence 35.78% 31.65% 18.81% 13.76% 218 

52 Inverted-

sequence 

33.33% 46.67% 6.67% 13.33% 15 

53 Topic-shift 2.54% 23.73% 0.00% 73.73% 118 

54 Topic-drift 18.39% 2.30% 1.15% 78.16% 87 

55 Textual 

organization 

0.00% 99.36% 0.00% 0.64% 157 

56 Span 0.00% 0.00% 0.00% 0.00% 0 

57 Same-unit 0.00% 99.64% 0.00% 0.36% 1,404 

TOTAL 21,40

0 

 

The distribution of relations in Table 11 and Table 12 show that DMs are most 

frequently used to signal individual relations such as Circumstance, Result, Condition, 

Contingency, Contrast, Concession, Antithesis, List, Temporal-before, Temporal-after, 

Temporal-same-time and Sequence. In contrast, relations such as Attribution, 

Background, Elaboration-additional, Elaboration-general-specific, Elaboration-object-
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attribute, Purpose, Evaluation, Interpretation, Comment, Evidence, Means, Summary, 

Restatement and TextualOrganization are rarely signalled by DMs. Our findings are 

parallel to the results presented by Taboada (2006) who also shows that relations such as 

Concession, Circumstance and Result are most frequently signalled (by a DM), while 

Background, Elaboration and Summary are rarely signalled (by a DM). 

Table 11 and Table 12 also show that a number of individual relations such as 

Attribution, Background, Comparison, Elaboration-additional, Elaboration-general-

specific, Elaboration-object-attribute, Example, Purpose, Evaluation, Interpretation, 

Comment, Evidence, Explanation-argumentative, List, Means, Problem-Solution, 

Summary, Restatement and TextualOrganization are most frequently indicated by other 

signals. In contrast, there are only a few relations, such as Condition and Temporal-

before, which are rarely indicated by other signals.  

Finally, in our annotation the relations are indicated by single signals, by 

combined signals or by both, as shown in Table 13. 

Table 13: Distribution of relations signalled by single signals and combined signals 

Relation Frequency Percentage 

Relations exclusively indicated by single signals 16,323 82.24% 

Relations exclusively indicated by combined signals 873 4.40% 

Relations signalled by both single and combined signals 2,651 13.36% 

TOTAL NUMBER OF SIGNALLED RELATIONS 19,847 100% 

 

We have found that, out of the 19,847 signalled relations, 82.24% of the relations 

are exclusively indicated by single signals while 4.40% of the relations are exclusively 

indicated by combined signals. In addition, 2,651 relations or 13.36% of the signalled 

relations in the corpus are indicated by both single and combined signals.  

6.2.1. Signalling of Relations by Discourse Markers 

In our corpus analysis, 19.63% of the signalled relations (3,896 relations out of 

19,847 signalled relations) and 18.21% of all the annotated relations (3,896 relations out 
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of 21,400 relations examined) are signalled by DMs. This measure is lower than the 

results documented in many previous studies on the signalling of coherence relations by 

DMs. For example, Taboada (2006) shows that, in smaller corpora, 31% of the relations 

in conversation and 43% of the relations in newspaper articles are signalled by DMs. In 

the PDTB, 45.47% relations are shown to be explicit, or are signalled by a DM (Prasad et 

al., 2007). Renkema (2009) states that the standard RST corpus (Mann & Taboada, 2007) 

contains DMs for 28% of the relations. One possible reason for the lower score in our 

experiment could be that we use a fairly strict definition of DMs, and our criteria for 

considering an expression to be a DM excludes many expressions which are treated as 

DMs elsewhere. For instance, we do not consider expressions such as always assuming 

that, for the simple reason and in other respects to be examples of DMs, but consider 

them to be indicative phrases (under lexical feature). However, these expressions are 

included under the class of DMs in other studies such as in Knott (1996). 

For the 3,896 instances of relations signalled by DMs, we found 201 different 

DMs. Examples of some of these markers include after, although, and, as, as a result, 

because, before, despite, for example, however, if, in addition, moreover, or, since, so, 

thus, unless, when and yet. A full list of these extracted DMs is provided in Appendix C. 

In Table 14, we provide the relative distribution of DMs with respect to the 

relations used to signal them. In the rightmost column of the table, the numerical value 

within parentheses following a DM refers to the number of times the DM is used to signal 

the relation mentioned in the leftmost column on the corresponding row. Note: the 

distribution in Table 14 is only illustrative, and not exhaustive. The complete distribution 

of DMs (and also other signals) with respect to individual relations is provided in 

Appendix D. 

Table 14: Distribution of DMs with respect to relations 

Relation # of relations Most common DMs 

List 818 and (698), but (19), while (16), or (13) 

Circumstance 386 when (109), as (64), after (37), without (21), 

and (20), with (15), once (15), before (14), 
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but (12) 

Antithesis 330 but (182), although (28), however (26), 

while (24), though (11) 

Contrast 305 but (186), however (22), while (20), and (17) 

Concession 264 but (100), although (28), though (24), 

despite (24), while (17), even though (13) 

Condition 221 if (162), unless (12), until (7) 

Sequence 119 and (69), then (20) 

Reason 115 because (65), because of (19) 

-- -- -- 

-- -- -- 

-- -- -- 

Attribution 5 as (5) 

Restatement 4 in other words (1), indeed (1) 

Question-answer 3 and (1), when (1), of course (1) 

Elaboration-set-

member 

2 with (1), moreover (1) 

Statement-response 2 and (1), but (1) 

Proportion 1 when (1) 

Conclusion 1 since (1) 

Rhetorical-question 1 but (1) 

Definition 0 -- 

TextualOrganization 0 -- 

 

The distribution of different DMs provided in Table 14 illustrates what DMs are 

commonly used to convey a particular relation, and how frequently they are used for 

signalling that relation. For example, Circumstance relations are most frequently 

signalled by DMs such as when, as and after. Out of the 386 instances of Circumstance 

relation, the DMs when, as and after are used 109, 64 and 37 times, respectively. 

The relative distribution of relations with respect to DMs used to signal them is 

provided in Table 15. In the rightmost column of the table, the numerical value within 

parentheses following a relation refers to the number of times the relation is signalled by 

the DM mentioned in the leftmost column on the corresponding row. Note: the 

distribution in Table 15 is only illustrative, and not exhaustive. The complete distribution 

of relations with respect to individual DMs is provided in Appendix E. 



 

123 

Table 15: Distribution of relations with respect to DMs 

DM # of DMs Most common relations 

 

and 

 

1,043 

List (698), Elaboration-additional (76), Sequence (69), 

Consequence (55), circumstance (20), Contrast (17), 

Cause-Result (15) 

but 615 Contrast (186), Antithesis (182), Concession (100), 

Elaboration-additional (48), List (19), Circumstance 

(12) 

if 180 Condition (162), Circumstance (7), Contingency (4) 

when 168 Circumstance (109), Temporal-same-time (29), 

Consequence (7)  

as 166 Circumstance (64), Temporal-same-time (31), 

Comparison (20), Explanation-argumentative (9)  

because 162 Reason (65), Explanation-argumentative (35), 

Consequence (22), Result (14), Cause-Result (11) 

while 131 Temporal-same-time (27), Antithesis (24), Contrast 

(20), Concession (17), Comparison (17), List (16) 

after 101 Temporal-after (48), Circumstance (37) 

-- -- -- 

-- -- -- 

-- -- -- 

nevertheless 6 Antithesis (2), Contrast (2) 

as soon as 5 Condition (3) 

whenever 4 Contingency (4) 

anyway 3 Elaboration-additional (2) 

previously 2 Background (1) 

particularly 1 List (1) 

on the contrary 1 Concession (1) 

 

The distribution in Table 15 shows what relations are most frequently signalled by 

a particular DM, and how frequently they are signalled by that DM. For instance, the DM 

because is most frequently used to signal Reason, Explanation-argumentative and 

Consequence relations. Out of the 162 instances of because, the relations Reason, 

Explanation-argumentative and Consequence are signalled 65, 35 and 22 times, 

respectively. 
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6.2.2. Signalling of Relations by Other Signals 

The relation-wise distribution of other signals and the distribution of relations 

with respect to other signals show even more diverse relationships between the relations 

and the other signals. The distribution of most common other signals with respect to the 

relations (signalled by them) is provided in Table 16. The numerical value within 

parentheses following a signal type or a specific signal refers to the number of times the 

signal type or the specific signal is used to signal the relation mentioned in the leftmost 

column on the corresponding row. Note: the distribution in Table 16 is only illustrative, 

and not exhaustive. The complete distribution of other signals (and also DMs) with 

respect to individual relations is provided in Appendix D. 

Table 16: Distribution of other signals with respect to relations 

Relation # of relations 

signalled by other 

signals 

Other signal type Specific other signal 

 

 

Elaboration-

additional 

 

 

 

3,995 

semantic (4,089) lexical chain (1,225), repetition 

(2,764)  

semantic + 

syntactic (1,882) 

lexical chain + subject np (934), 

repetition + subject np (894) 

syntactic (726) relative clause (454), nominal 

modifier (251) 

genre (618) inverted pyramid scheme (617) 

Attribution 3,056 syntactic (3,025) reported speech (3,020) 

Elaboration-

object-

attribute 

2,678 syntactic (2,617) nominal modifier (1,518), 

relative clause (1,078) 

 

List 

 

1,558 

semantic (1,043) lexical chain (1,039) 

syntactic + 

semantic (343) 

parallel syntactic construction + 

lexical chain (342) 

Purpose 515 syntactic (494) infinitival clause (483) 

Elaboration-

general-

specific 

446 semantic (284) lexical chain (202) 

graphical (225) colon (121), dash (91) 

Example 251 semantic (183) lexical chain (165) 

Comparison 212 semantic (76) lexical chain (71) 

reference (65) comparative reference (65) 

Background 174 morphological 

(125) 

tense (125) 

lexical (104) indicative word (104) 

Textual 156 genre (156) newspaper layout (156) 
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Organization 

-- -- -- -- 

-- -- -- -- 

-- -- -- -- 

Concession 88 semantic (82) lexical chain (80) 

Temporal-

after 

21 lexical (16) indicative word (16) 

Temporal-

same-time 

21 syntactic (16) relative clause (16) 

Condition 15 syntactic (8) subject-auxiliary-inversion (7) 

 

The distribution in Table 16 shows what other signals are most frequently used to 

indicate a particular relation, and how frequently they are used for indicating that 

relation. For instance, Elaboration-additional relations are most frequently signalled by 

semantic, syntactic and genre features. More specifically, semantic, (semantic + 

syntactic), syntactic and genre features are individually used 4,089, 1,882, 726 and 618 

times, respectively, out of the 3,995 instances of Elaboration-additional relation 

indicated by other signals. Note: the relations often contain two or more signals, and that 

is why, the total number of signals generally exceeds the number of relations. 

In an alternate combination in Table 17, we provide the distribution of the most 

common relations with respect to the other signals (used to signal them). The numerical 

value within parentheses following a specific signal refers to the number of times the 

signal is used, and the numerical value within parentheses following a relation refers to 

the number of times the relation is signalled by the specific signal on the corresponding 

row. Note: the distribution in Table 17 is only illustrative, and not exhaustive. The 

complete distribution of relations with respect to other signals is provided in Appendix F. 

Table 17: Distribution of relations with respect to other signals 

Other signal 

type 

# of other 

signal 

type 

Specific other signal Most common relations 

 

 

syntactic 

 

 

8,723 

reported speech 

(3,023) 

Attribution (3,020) 

nominal modifier 

(1,881) 

Elaboration-object-attribute (1,518), 

Elaboration-additional (251) 

relative clause (1,621) Elaboration-object-attribute (1,078), 
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Elaboration-additional (454) 

infinitival clause (524) Purpose (483) 

 

 

semantic 

 

 

7,262 

lexical chain (5,699) Elaboration-additional (2,766),  List 

(1,039), Explanation-argumentative (314) 

repetition (1,405) Elaboration-additional (1,255), 

Elaboration-general-specific (76) 

synonymy (38) Elaboration-additional (34) 

 

semantic + 

syntactic 

 

2,156 

lexical chain + subject 

np (1,043) 

Elaboration-additional (934), Elaboration-

general-specific (63), Summary (30) 

repetition + subject np 

(972) 

Elaboration-additional (894), Elaboration-

general-specific (51) 

lexical 1,440 indicative word 

(1,399) 

Evaluation (173), Interpretation (159), 

Elaboration-additional (157), Comment 

(135) 

 

 

graphical 

 

 

1,014 

dash (273) Elaboration-additional (93), Elaboration-

general-specific (91) 

items in sequence 

(252) 

List (229) 

parentheses (247) Elaboration-additional (116), Restatement 

(85) 

colon (222) Elaboration-general-specific (121), 

Elaboration-set-member (30) 

 

genre 

 

943 

inverted pyramid 

scheme (720) 

Elaboration-additional (617), Summary 

(56) 

newspaper layout 

(189) 

TextualOrganization (156), Topic-shift 

(27) 

 

 

reference 

 

 

585 

personal reference 

(259) 

Elaboration-additional (242) 

comparative reference 

(182) 

Comparison (65), Elaboration-additional 

(48), List (31) 

demonstrative 

reference (134) 

Elaboration-additional (122) 

reference + 

syntactic 

545 personal reference + 

subject np (506) 

Elaboration-additional (462), Elaboration-

general-specific (36) 

syntactic + 

semantic 

411 parallel syntactic 

construction + lexical 

chain (411) 

List (342), Contrast (25), Comparison (23) 

morphological 312 tense (312) Background (125), Circumstance (115), 

Consequence (45) 

graphical + 

syntactic 

226 comma + present 

participial clause 

(216) 

Elaboration-additional (80), Consequence 

(40), Manner (20) 

lexical + 

syntactic 

120 indicative word + 

present participial 

clause (120) 

Means (88), Manner (13) 

 

syntactic + 

positional 

 

69 

present participial 

clause + beginning 

(41) 

Circumstance (28) 
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past participial clause 

+ beginning (28) 

Circumstance (21), Elaboration-additional 

(5) 

numerical 26 same count (26) Elaboration-set-member (15), Elaboration-

general-specific (5) 

 

The distribution in Table 17 shows what relations are most frequently indicated 

by a particular other signal, and also how frequently they are indicated by that signal. For 

instance, the signal lexical chain is most frequently used to signal Elaboration-

additional, List and Explanation-argumentative relations: Out of the 5,699 instances of 

lexical chain, Elaboration-additional, List and Explanation-argumentative relations are 

signalled 2,766, 1,039 and 314 times, respectively. 

6.2.3. Signalling of Relations by Multiple Signals 

As previously mentioned, a single relation instance can be indicated by more than 

one signal. In our corpus annotation, we found that a considerably large number of 

relations are signalled by multiple signals. In Table 18, we provide the distribution of 

relations with respect to being signalled by multiple signals. 

Table 18: Distribution of relations with respect to being signalled by more than one 

signal 

Multiple 

signals 

# of 

relations 

signalled 

% of relations 

signalled 

Common relations 

 

1 signal 

or more 

 

 

19,847 

 

 

92.74% 

All signalled relations in the corpus, such as 

Elaboration-additional (4,043), Attribution (3,061), 

Elaboration-object-attribute (2,685), List (1,843), 

Circumstance (635), Purpose (526), Explanation-

argumentative (392) and Antithesis (369) 

 

2 signals 

or more 

 

7,901 

 

36.92% 

Elaboration-additional (2,745), List (861), 

Elaboration-general-specific (185), Contrast (182), 

Summary (65), Circumstance (148), Antithesis 

(133), Example (142), Elaboration-set-member 

(108) 

3 signals 

or more 

2,614 12.22% Elaboration-additional (1,561), Elaboration-

general-specific (104), Summary (62), List (56) 

4 signals 

or more 

725 3.39% Elaboration-additional (552), Summary (35), 

Elaboration-general-specific (25) 

5 signals 98 0.46% Elaboration-additional (80), Elaboration-general-
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or more specific (6) 

6 signals 9 0.04% Elaboration-additional (9) 

 

We also provide in Table 19 the distribution of relations with respect to being 

exclusively signalled by different number of signals. 

Table 19: Distribution of relations exclusively signalled by different number of 

signals 

Multiple 

signals 

# of 

relations 

signalled 

% of relations 

signalled 

Common relations 

 

1 signal 

only 

 

 

11,946 

 

 

55.82% 

most signalled relations in the corpus, such as 

Elaboration-additional (1,298), Attribution (3,061), 

Elaboration-object-attribute (2,667), List (982), 

Circumstance (487), Purpose (518), Explanation-

argumentative (348) and Antithesis (236) 

 

2 signals 

only 

 

5,287 

 

24.71% 

Elaboration-additional (1,184), List (805), 

Elaboration-general-specific (81), Contrast (178), 

Circumstance (134), Antithesis (132), Example 

(128), Elaboration-set-member (75) 

3 signals 

only 

1,889 8.83% Elaboration-additional (1,009), Elaboration-

general-specific (79), Summary (27), List (55) 

4 signals 

only 

627 2.93% Elaboration-additional (472), Summary (34), 

Elaboration-general-specific (19) 

5 signals 

only 

89 0.42% Elaboration-additional (71), Elaboration-general-

specific (6) 

6 signals 

only 

9 0.04% Elaboration-additional (9) 

TOTAL 18,847 92.74%  

 

The distribution of relations in Table 18 and Table 19 shows that, out of 19,847 

signalled relations, 11,946 (55.82%) relations contain only one signal while 7,901 

(36.92%) relations are indicated by more than one signal. In particular, a number of 

relations such as Elaboration-additional, Elaboration-general-specific, List, Contrast, 

Circumstance, Antithesis, Example and Elaboration-set-member are frequently signalled 

by two or more signals. Furthermore, a single relation instance (for Elaboration-

additional) can be conveyed through as many as six signals. 
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6.3. Conclusion 

In this chapter, we have presented the results of our corpus study. We have 

provided the overall distribution of both relation groups and individual relations in the 

RST-DT. This includes the distribution for the relations originally present in the corpus 

and also for the relations annotated for signalling information. Next, we have provided 

the distribution of relations with respect to being signalled and unsignalled in the corpus. 

We have shown that the majority of relations in the corpus are signalled, and also that the 

majority of signalled relations are indicated by other signals. We have further provided 

the distribution of DMs and other signals with respect to the relations signalled by them, 

and shown which DMs or other signals are most frequently (and also least frequently) 

used to signal those relations. Alternatively, we have also presented the distribution of 

relations with respect to being signalled by DMs and by other signals, and shown which 

relations are most frequently (and also least frequently) signalled by DMs or by other 

signals. Finally, we have presented the distribution of relations indicated by one or more 

signals, and shown that a considerably large number of relations are signalled by multiple 

signals. In the next chapter, we discuss the implications of these results, and also suggest 

the future applications of our annotated corpus. 
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Chapter 7. Discussion 

In this chapter, we provide a detailed discussion of the results of our corpus study. 

In particular, we discuss the implications of the statistical distributions of the signalled 

and unsignalled relations, and describe the signals of relations identified in our study. We 

also discuss the relationship between relations and their signals, and review the concept 

of explicit and implicit relations from the broader point of view of signalling. In addition, 

we discuss a few issues associated with the signalling annotation task, and also suggest 

the future applications of our annotated corpus.  

This chapter is organized as follows: Section 7.1 discusses the implications of the 

results from our corpus analysis. In Section 7.1.1, we provide a discussion of the 

statistical analysis of the signalled and unsignalled relations, and of the relations 

indicated by DMs and by other signals. Section 7.1.2 describes the signals of coherence 

relations identified in our corpus study. In Section 7.1.3, we discuss the nature of 

correlation between relations and their signals. Section 7.1.4 focuses on the classification 

of explicit and implicit relations, with respect to DMs as well as other textual signals in 

discourse. In Section 7.1.5, we explain the reasons for not finding signals for the 

unsignalled relations in the corpus. In Section 7.2, we discuss a few problems 

encountered in our annotation task. Section 7.3 suggests the future applications of the 

corpus. Finally, Section 7.4 summarizes the chapter, and provides the conclusion. 
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7.1. Implications 

7.1.1. Signalled vs. Unsignalled Relations 

The first goal of our study was to investigate whether coherence relations are 

frequently signalled in discourse. In this respect, we can confidently say that this is, 

indeed, the case: Out of the 21,400 relations annotated, 19,847 (92.74%) relations contain 

at least one signal (either DMs or other signals), and 7,901 (36.92%) relations contain 

two or more signals. Although some of the relations (1,553 relations, or 7.26% of the 

total 21,400 relations) are not signalled, the overwhelming majority of them are. 

The other major goal of our study was to examine whether signals other than DMs 

exist for coherence relations. In our corpus analysis, only 18.21% of the relations (3,896 

relations out of 21,400 annotated relations) are signalled by DMs, and furthermore, only 

10.65% of the relations (2,280 relations out of 21,400 annotated relations) are exclusively 

signalled by DMs (i.e., they are not conveyed through other signals, but contain DMs as 

their only signals). On the other hand, 82.08% of the total relations (17,567 relations out 

21,400 annotated relations) contain a signal other than DMs, and also 74.54% of the 

relations (15,951 relations out of 21,400 annotated relations) are exclusively indicated by 

other signals (i.e., they are not signalled by DMs, but contain other signals as their only 

signals).  

From the above-mentioned analyses, we can draw two significant conclusions: 

First, the majority (above 90%) of coherence relations in discourse contain a signal 

(either DMs or other signals). Second, only a small proportion of the signalled relations 

(19.63%, 3,896 out of 19,847 signalled relations) are indicated by DMs while the 

majority of the signalled relations (88.51%, 17,567 out of 19,847 signalled relations) are 

indicated by means of different textual features other than DMs. This is a novel result 

since most studies in coherence relations have shown a low level of signalling (usually 

below 50%) due to the narrow focus on DMs as principal signals. 
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7.1.2. Signals of Coherence Relations 

Contrary to the traditional belief that DMs are the only signals in discourse, our 

study shows that signalling of relations is not confined to the use of DMs alone. Rather, 

there exist a wide variety of textual signals, such as reference, lexical, semantic, syntactic 

or graphical features, which contribute to the understanding of coherence relations. As 

outlined in Chapter 5 (Section 5.2), we divide these signals into two broad classes: single 

and combined signals. In our corpus annotation, we have identified nine types of single 

signals and six types of combined signals. The single types comprise DMs and eight 

types of other signals: reference, lexical, semantic, morphological, syntactic, graphical, 

genre and numerical features. A combined signal is composed of two other signals which 

work in combination with each other to indicate a particular relation instance. We have 

found six types of combined signals: (reference + syntactic), (semantic + syntactic), 

(lexical + syntactic), (syntactic + semantic), (syntactic + positional) and (graphical + 

syntactic). Furthermore, the signal types are divided into specific signals. For instance, 

the graphical type includes specific signals such as colon, parenthesis, dash and items in 

sequence feature. Specific signals for a combined type such as (semantic + syntactic) 

include specific features such as (lexical chain + subject NP), (repetition + subject NP) 

and (synonymy + subject NP). In our corpus analysis, approximately 18% of the relations 

are indicated by combined signals while the majority (over 80%) of the signalled 

relations contain single signals. 

Relations are also indicated by multiple signals. For example, an Elaboration-

additional relation can be signalled by a DM, a number of lexical chains and a combined 

signal such as the (reference + subject NP) feature. Signalling by more than one signal of 

the same type is also very common. For example, a single Contrast relation can be 

indicated by two semantic signals, such as antonymy and lexical chain. Even two 

different DMs (in a very few instances though) can be used to signal a single relation 

instance. For example, the Disjunction relation in the following example is signalled by 

two DMs, or and alternatively. 
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(36) [that would allow them to acknowledge that Sverdlovsk violated the 1972 

agreement]N [or, alternatively, that would give U.S. specialists reasonable 

confidence that this was a wholly civilian accident.]N - Disjunction (wsj_1143: 

78-79/80-81) 

7.1.3. Relationship between Relations and Signals 

We would like to point out that what we have found are positive signals, that is, 

indicators that a relation exists. This does not mean that such signals are used exclusively 

to indicate the relation (as we have seen in the many-to-many correspondences between 

relations and their signals). It also means that the signals, as textual devices, are not 

exclusively used to mark a relation; they may well have other purposes in the text (for 

instance, the word since can be used as a preposition in addition to being used as a DM). 

In a sense, this means that the signals are compatible with a relation, not necessarily 

indicators of the relation exclusively. 

The degree of compatibility of a particular relation with a particular signal can be 

assessed from two directions. In the first approach, we first determine what relations are 

signalled by a particular signal, and at what frequencies. Then, we associate the relation 

with the highest frequency (or a set of relations with higher frequencies) with the 

particular signal. For example, in our corpus analysis, the DM and is used to signal 1,043 

relations in the corpus, and is the most versatile DM of all. Almost every relation type 

(except only a few such as Condition and TextualOrganization) is signalled by the DM 

and. However, the marker and is most frequently used to indicate List relations:  Out of 

the 1,043 instances of and, 698 instances (or 66.92% of all instances) convey List 

relations. The other relations most commonly signalled by and include Elaboration-

additional (76 instances), Sequence (69 instances), Consequence (55 instances) and 

Circumstance (20 instances). In this way, we conclude that, among all DMs, the DM and 

is mostly compatible with List relations, and highly compatible with relations, such as 

Elaboration-additional, Sequence, Consequence and Circumstance, with gradually 

deceasing degrees of compatibility. 
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In the second approach, we determine the compatibility between a relation and its 

signals by looking at the distribution of signals with respect to the relation. We first 

examine whether a particular relation is frequently signalled, and then, what signals are 

used to indicate the relation, and at what frequencies. Next, we associate the relation with 

the signal that distributes with the highest frequency (or a set of signals with higher 

frequencies). For instance, for finding the compatible signals for Comparison relations, 

we first confirm that the relation is signalled frequently in the corpus: Out of the 265 

instances of Comparison, 242 (or 91.32% of the 265 instances) relations are signalled. 

Next, we find that Comparison relations are most frequently indicated by lexical chains 

(semantic type) and comparative references (reference type): Out of the 242 signalled 

Comparison relations, 71 relations are signalled by lexical chains and 65 relations are 

signalled by comparative references. Thus, we conclude that Comparison relations are 

mostly compatible with the lexical chain feature followed by the comparative reference 

feature. 

We establish the correlation between relations and their signals based on the 

degree of compatibility between them. Generally, we found, as shown in Table 20, that 

DMs most often co-occur with relations such as Circumstance, Result, Condition, 

Contingency, Contrast, Concession, Antithesis, List, Temporal-before, Temporal-after, 

Temporal-same-time and Sequence. 

Table 20: Relations co-occurring with DMs and other signals 

Signal type Common relations 

 

DMs 

Circumstance, Result, Condition, Contingency, Contrast, 

Concession, Antithesis, List, Temporal-before, Temporal-after, 

Temporal-same-time, Sequence 

 

 

Other signals 

Attribution, Background, Comparison, Elaboration-additional, 

Elaboration-general-specific, Elaboration-object-attribute, Example, 

Purpose, Evaluation, Interpretation, Comment, Evidence, 

Explanation-argumentative, List, Means, Problem-Solution, 

Summary, Restatement, TextualOrganization 
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On the other hand, relations such as Attribution, Background, Comparison, 

Elaboration-additional, Elaboration-general-specific, Elaboration-object-attribute, 

Example, Purpose, Evaluation, Interpretation, Comment, Evidence, Explanation-

argumentative, List, Means, Problem-Solution, Summary, Restatement and 

TextualOrganization are present with other signals.  

As mentioned above, individual relations are also found to co-occur with a 

particular signal or a set of signals. Previously, we have shown that Comparison relations 

most often contain lexical chain and comparative reference features. Examples of other 

relations, as shown in Table 21, include Concession which most often contain DMs such 

as but, although and though, 

Table 21: Common signals for relations 

Relations Common signals 

List DM (and); 

syntactic + semantic (parallel syntactic construction + lexical 

chain) 

 

Circumstance 

DM (when, as, after); 

lexical (indicative word); 

morphological (tense) 

Antithesis DM (but, although, however) 

Background  morphological (tense); 

lexical (indicative word) 

Concession DM (but, although, though); 

semantic (lexical chain) 

Condition DM (if, unless) 

 

Elaboration-

additional 

semantic (lexical chain, repetition); 

semantic + syntactic (lexical chain + subject NP; repetition + 

subject NP); 

genre (inverted pyramid scheme) 

Attribution syntactic (reported speech) 

Purpose syntactic (infinitival clause) 

Elaboration-general-

specific 

semantic (lexical chain); 

graphical (colon, dash) 

Comparison semantic (Lexical chain); 

reference (comparative reference) 

TextualOrganization genre (newspaper layout) 
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and other signals such as lexical chain, or Circumstance which most frequently co-occur 

with DMs such as when, as and after, and other signals such as indicative word and tense 

feature.  

With respect to signal types and specific signals, the most common relations are 

shortlisted as well. We have already shown that the DM and most frequently co-occurs 

with List relations. Among the other signals, as shown in Table 22, we have found that 

infinitival clauses 

Table 22: Common relations for specific signals 

Signal type Specific signal Common relations 

 

 

DM 

and List, Elaboration-additional 

because Reason, Explanation-argumentative 

if Condition 

but Contrast, Antithesis, Concession 

while Temporal-same-time, Antithesis, 

Comparison 

reference demonstrative reference Elaboration-additional 

lexical indicative word Evaluation, Interpretation, Comment 

semantic synonymy Elaboration-additional 

lexical chain Elaboration-additional, List 

morphologi

cal 

tense Background, Circumstance, Consequence 

 

syntactic 

reported speech Attribution 

nominal modifier Elaboration-object-attribute 

infinitival clause Purpose 

graphical dash Elaboration-additional, Elaboration-general-

specific 

item in sequence List 

genre  inverted pyramid scheme Elaboration-additional, Summary 

numerical  same count Elaboration-set-member 

(reference + 

subject NP) 

(personal reference + 

subject NP) 

Elaboration-additional 

(syntactic + 

semantic) 

(parallel syntactic 

construction + subject NP) 

List, Contrast, Comparison 

(graphical + 

syntactic) 

(comma + present 

participial clause) 

Elaboration-additional, Consequence 

(lexical + 

syntactic) 

(indicative word + present 

participial clause) 

Means 
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are the most effective signals for Purpose relations, and indicative words are the most 

common signals for Evaluation, Interpretation, Elaboration-additional and Comment 

relations. 

7.1.4. Explicit vs. Implicit Classification 

As mentioned in Chapter 1 (Section 1.2), coherence relations are traditionally 

divided into two groups: explicit and implicit relations, based on the presence and 

absence of DMs, respectively. This classification hinges on the concept of signalling in 

discourse which considers DMs to be the only signals of coherence relations. 

Accordingly, it is postulated in many studies that the majority of relations in a discourse 

are implicit because DMs, which are relatively infrequent, account for only a small 

number of relations. 

We also address the concept of explicit-implicit classification of coherence 

relations from the signalling point of view. In our study, we have shown that the 

signalling of relations is achieved not only by the use of DMs, but mostly by means of 

signals other than DMs. These signals, including a wide variety of textual features, are 

omnipresent in discourse as they are used to signal the majority (above 90%) of relations. 

Thus, we propose that the category of explicit relations should be expanded to include not 

only those relations indicated by DMs, but also those indicated by other signals. Implicit 

relations, on the other hand, can be characterized in terms of the absence of any signal. 

7.1.5. A Note on the Unsignalled Relations 

Although we found that the majority of relations present in the corpus are 

signalled, we could not find a signal for 1,553 relations (7.26% of the 21,400 relations). 

There are four different reasons why we believe no signals could be found.  

First of all, in some cases we found that there were errors in the original relational 

annotation in the RST-DT. The errors usually emerge from the incorrect assignation of 

relation labels. In many cases, we found that a relation was postulated, whereas we would 



 

138 

not have annotated a relation, or we would have proposed a different one. Summary and 

Elaboration-additional in the RST-DT seem to be used in very similar contexts, so when 

a Summary was annotated, but we believed the relation was not in fact a summary, it was 

more difficult to find signals that would identify the relation as Summary. 

Secondly, some of the relations in the RST-DT are not true RST relations. 

Relations such as Comment, Topic-Comment or Topic-shift, in our opinion, belong in the 

realm of discourse organization, not together with relations among propositions. Finding 

no signals in those cases is not surprising, as such phenomena are not likely to be 

indicated by the same type of signals as coherence relations proper. 

Thirdly, in annotating a relation we only considered the immediate spans holding 

the relation. However, we noticed that the interpretation of a relation does not always 

depend on the recognition of signals from the corresponding relation spans, but it is 

sometimes determined by the knowledge extracted from the prior or following parts of 

the discourse which are outside the immediate relation spans. 

Finally, in many cases, one or both of the annotators had a sense that the relation 

was clear, but could not pinpoint the specific signal used. This is the case with tenuous 

entity relations, or relations that rely on world knowledge. What may be happening in 

those cases is that the relation is being evoked, in the same way frames and constructions 

may be evoked (Dancygier & Sweetser, 2005). Dancygier and Sweetser propose that, in 

some constructions, only one aspect of the construction is necessary in order to evoke the 

entire construction. Such is the case with some instances of sentence juxtaposition, which 

give rise to a conditional relation reading, as in “Steal a bait car. Go to jail” (the slogan 

for a car-theft prevention campaign by the Vancouver police). No conditional connective 

is necessary. The juxtaposition of the two sentences, together with the imperative and a 

certain amount of world knowledge lead to the conditional interpretation. 
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7.2. Issues in Annotation 

One of our main difficulties in annotating discourse phenomena has to do with the 

more loose definition of what counts as a signal. Although we tried to create a very 

detailed list of signals, and documented those signals with many examples (See Appendix 

B), it is undeniable that this type of annotation is subjective. Our reliability study shows a 

decent level of agreement between annotators. However, we believe that this is often the 

case with published studies, and to be expected in a research group where members work 

closely together and under the same assumptions. The question that we would like to 

address here is how difficult it is in general to annotate phenomena that are more abstract 

than, for instance, part of speech tags (which also contain a certain level of abstraction 

and are by no means straightforward). Our view on this is that phenomena at the 

discourse level are as easy or as difficult to identify as phenomena at other levels of the 

language. The main criterion for reliable annotation is a clear set of guidelines and, in 

particular, a clearly defined taxonomy.  

The other difficulties emerge from the existing relational annotation in the corpus 

or from the guidelines followed in the relational annotation. As we have mentioned in 

Chapter 5, we are dealing with an existing corpus, already annotated for coherence 

relations. We believe that this will be more and more the case, with so many available 

resources already annotated for a wide range of phenomena. We found ourselves 

disagreeing with many of the annotation decisions in the initial corpus, from the number 

of relations to the definition of what an elementary unit of discourse is (see Chapter 5, 

Section 5.1.6). The RST-DT uses a very large set of 78 relations, including a high 

number of subtypes of Elaboration (Elaboration-additional, Elaboration-general-

specific, Elaboration-object-attribute, Example, Definition, etc.). In practice, this meant 

that we had to keep all these distinctions in mind as we annotated. 

More difficult for our purposes was the fine-grained segmentation. The traditional 

definition of minimal unit of discourse in RST proposes that clauses should be minimal 

units, excluding subject and object clauses. In other words, it is mostly adverbial clauses 
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that have a function at the discourse level. Mann and Thompson (1988), in this as in 

many other aspects, leave the door open for other definitions, if they suit the researcher’s 

purposes. The authors of the RST-DT decided on a segmentation method that classifies 

different types of clauses as elementary discourse units (EDUs). In particular, noun 

clauses as objects of verbal processes (say, tell, claim) are considered to be units of 

discourse in the RST-DT. Carlson and Marcu (2001) then proposed a new RST relation, 

Attribution, to connect the reported speech verb and its complement. Similarly, relative 

clauses and nominal modifiers that modify nouns (Alson Lee, who heads the Philippine 

company…; a contract to build…) are also considered to be elementary discourse units. 

We found that such level of detail made our annotation quite difficult, in part because we 

disagree with the notion that relative clauses and nominal modifiers stand in any kind of 

discourse relation to the words that they modify. 

As we performed the annotation of signals, we also found ourselves disagreeing 

with specific aspects of the RST annotation, such as the label for a particular relation or 

the nucleus-satellite assignation. These types of errors are to be expected in discourse 

annotation, and we do not take issue with them, as they are the result of human error and 

they tend to be localized. One question that arises, however, is whether we should be 

making corrections in cases of obvious mistakes. Although that would probably make the 

corpus better, we have decided not to alter it, as it has become a standard in many studies. 

7.3. Applications of the Annotated Corpus 

We would like to make our annotated corpus available to the research community. 

For this purpose, we have recently signed the license agreement with the Linguistic Data 

Consortium or LDC (https://www.ldc.upenn.edu/) for the distribution of the corpus. The 

corpus is scheduled to be released for public use by the end of 2014. 

The corpus with signalling information will have two clear applications. From a 

psycholinguistic point of view, we hope to be able to use it to determine how hearers and 

readers use signals to identify relations. As outlined in Chapter 3 (Section 3.1.2), most of 

https://www.ldc.upenn.edu/
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the psycholinguistic studies to date have investigated the role of DMs (or only a few 

signals) in the understanding of coherence relations. It would be very useful to extend 

such works by examining other types of signals, as proposed in this doctoral dissertation, 

to see what effects they have on comprehension. 

The other main application of such an annotated corpus is in discourse parsing. A 

great deal of recent work (da Cunha et al., 2012; Hernault et al., 2011; Hernault et al., 

2010; Maziero et al., 2011; Mithun & Kosseim, 2011) and also earlier approaches 

(Corston-Oliver, 1998; Marcu, 2000; Schilder, 2002) have used DMs as the main signals 

to automatically parse relations, and almost exclusively at the sentence level. Our 

extended set of signals, and the fact that they work at all levels of discourse, will 

probably facilitate this task. 

7.4. Conclusion 

In this chapter, we have discussed the implications of the results of our corpus 

study. We have found that a large proportion of relations present in a discourse are 

signalled either by DMs or by other signals. In addition, the majority of the signalled 

relations contain signals other than DMs. Signals identified in our corpus study are 

divided into two classes: single and combined. We have found nine types of single 

signals, including DMs and other types such as reference, lexical, semantic, syntactic and 

graphical features. Combined signals are made of two other signals, and they are divided 

into six types such as (reference + syntactic) or (syntactic + semantic) features. 

Furthermore, signals types are divided into various specific signals. For example, the type 

DM includes specific markers such as and, because, since and thus, or the semantic type 

contain signals such as synonymy, meronymy and lexical chain. We have also shown that 

relations are often indicated by multiple signals.  

We have discussed the nature of correlation between relations and their signals. 

We have explained how certain signals are compatible with a particular relation or a set 

of relations, and also determined the degree of compatibility both between a relation and 
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its signals and between a signal and the relations signalled by it. We have also proposed a 

new classification of explicit and implicit relations, based on the presence and absence of 

any potential signal of coherence relations, including both DMs and other textual signals. 

A few relations in our corpus are not signalled by any marker. We have provided reasons 

for not being able to find adequate signals for those relations. 

We have discussed a few problems that we encountered in our annotation task. 

We have explained how we decided on annotating signals which are often subjective in 

nature, and also how we dealt with the problems of a fine-grained segmentation policy 

and an extremely detailed relational inventory used in the existing relational annotation in 

the RST-DT. 

Finally, we have suggested the future applications of our annotated corpus. In 

particular, we have discussed how the corpus can be used for investigating the 

psycholinguistic mechanisms behind the understanding coherence relations, and also for 

developing discourse parsing applications for the purpose of identifying the presence and 

nature of coherence relations.  
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Chapter 8. Conclusion 

With this chapter, we provide the conclusion for this dissertation. In particular, we 

provide a summary of our study, discuss its limitations, and outline the future directions.  

This chapter is organized as follows: Section 8.1 summarizes this dissertation. We 

discuss the limitations of this study in Section 8.2. Finally, Section 8.3 outlines the future 

developments of this study, and provides the conclusion for this chapter as well as for this 

dissertation. 

8.1. Summary 

The primary goal of this study was to examine how coherence relations are 

signalled in discourse, and what signals are used to convey coherence relations. The other 

objective was to investigate whether coherence relations are more frequently explicit or 

implicit in terms of the type of signalling involved. Coherence relations are semantic or 

pragmatic relationships that connect one discourse component to another. By signalling 

we mean cues that indicate that a coherence relation is present, such as the conjunction 

because as a signal for a causal relation. 

In Rhetorical Structure Theory or RST (Mann & Thompson, 1988), adopted as the 

theoretical framework of this study, relations are defined in terms of relationships that 

hold between two (or sometimes more) non-overlapping text spans. RST considers 

relations to be the central constructs in text analysis, emphasizing the effect that the 

writer intends to achieve by presenting two or more adjacent text spans. In RST, relations 

can be mononuclear, comprising a nucleus (central or most important) span and a satellite 

(peripheral or secondary) span, or multinuclear, consisting of two or more nuclei. 
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Examples of RST relations include Background, Condition, Contrast, Elaboration and 

List.  

Coherence relations are often signalled by discourse markers or DMs. DMs are 

lexical expressions (and, because, since, thus, etc.) which belong to different syntactic 

classes, such as conjunctions, adverbials and prepositional phrases. DMs are used to 

connect discourse components, and they signal the coherence relations that hold between 

those components. Traditionally, coherence relations are believed to be signalled only by 

DMs, and accordingly, relations, based on the presence and absence of DMs, are 

classified into two groups, explicit and implicit relations, respectively (Knott & Dale, 

1994; Martin, 1992; Meyer & Webber, 2013; Renkema, 2004; Taboada, 2009; Taboada 

& Mann, 2006b; Versley, 2013). Explicit relations contain DMs or are signalled by DMs, 

while implicit relations do not contain DMs and hence they remain (supposedly) 

unsignalled. Studies on the frequency of signalling show that only a small proportion of 

relations (below 50% in most studies) in a discourse are signalled by DMs while the 

majority of relations without DMs remain presumably implicit.  

The fact that DMs account for only a small number of relations, and relations 

without DMs are omnipresent in discourse raises one obvious question: How are 

coherence relations recognized in the absence of DMs? Psycholinguistic research shows 

that coherence relations are recognized psychologically (Knott & Sanders, 1998; Mak & 

Sanders, 2013; Sanders & Spooren, 2007, 2009; Sanders et al., 1992, 1993), and they are 

recognized even when no DMs are present (Kamalski, 2007; Mulder, 2008; Mulder & 

Sanders, 2012; Murray, 1995; Sanders & Noordman, 2000). This leads us to believe that 

if readers or hearers can understand a variety of relations, then there must be indicators 

which guide the interpretation process, beyond DMs which are relatively infrequent. 

In this study, we challenged the traditional notion about the signalling of 

coherence relations (exclusively by DMs). We hypothesized that the signalling of 

coherence relations is not confined to the use of DMs alone. Rather, there exist a wide 

variety of textual signals other than DMs, such as lexical, semantic, syntactic, graphical 
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and genre features, which are frequently used to convey coherence relations. We also 

hypothesized that every relation in a discourse is signalled, as a signal must be necessary 

for correct interpretation. 

In order to test these hypotheses, we conducted a corpus study, examining the 

RST Discourse Treebank or the RST-DT (Carlson et al., 2002) which includes a 

collection of 385 Wall Street Journal articles annotated for rhetorical (coherence) 

relations. The RST-DT contains a total of 20,123 relations which are annotated using an 

RST relational taxonomy (Carlson & Marcu, 2001). The taxonomy comprises 16 major 

groups of relations which are further divided into 78 individual relations.  

We annotated each and every relation in the RST-DT with signalling information. 

For this purpose, we built a taxonomy of signals, compiling numerous textual features 

from our preliminary corpus analysis and also from previous studies on the signalling in 

discourse. The taxonomy is organized hierarchically in three levels: signal class, signal 

type and specific signal. The top level, signal class, has three tags representing three 

major classes of signals: single, combined and unsure. For each class, a second level is 

defined; for example, the class single is divided into nine types (DMs, reference, lexical, 

semantic, morphological, syntactic, graphical, genre and numerical features). Finally, the 

third level in the hierarchy refers to specific types of signals; for example, reference type 

has four specific signals: personal, demonstrative, comparative and propositional 

reference. 

In the signalling annotation task, we examined each relation in the corpus, and 

assuming the relational annotation is correct, we searched for relevant signal(s) for that 

relation from our taxonomy of signals, or from the relevant discourse context (comprising 

the spans). In addition, we added to those relations a new layer of annotation of signalling 

information. In order to facilitate the annotation process, we used UAM CorpusTool 

(O'Donnell, 2008), an annotation software, which allowed us to select individual relations 

in an RST-annotated text, and assign them one or more signalling tags. We also 

conducted a reliability study in order to check the validity and reproducibility of our 
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taxonomy. We, two annotators, selected a small number of relations from the corpus, and 

annotated them separately with respect to ten nominal categories (nine single signals and 

an additional unsure category). The unweighted and weighted kappa values (Siegel & 

Castellan, 1988) for our study were 0.67 and 0.71, respectively, which showed a 

moderate level of agreement. 

Although the RST-DT contains 20,123 relations, in practice we annotated 21,400 

relations. This is because we considered multinuclear relations with more than two nuclei 

to be a number of individual binuclear relations (sets of relations with two nuclei), and 

this resulted in annotating a higher number of relations (21,400 relations) than those 

(20,123 relations) originally counted in the RST-DT. Results from our corpus analysis 

showed that, out of the 21,400 annotated relations, 19,847 (92.74%) relations contain at 

least one signal, and 7,901 (36.92%) relations contain two or more signals. Furthermore, 

out of 21,400 relations, only 10.65% (2,280) of the relations are exclusively signalled by 

DMs, and 74.54% (15,951) of the relations are exclusively indicated by other signals, 

while 7.55% (1,616) of the relations contain both DMs and other signals. The results also 

showed that the signalling varies quantitatively and qualitatively for relation groups as 

well as for individual relations.  

The findings from our corpus study suggest that the majority of coherence 

relations in a discourse are signalled (sometimes by multiple signals), and the majority of 

signalled relations are indicated by signals other than DMs. The results also reveal that 

DMs are not the only signals of coherence relations as there exist a wide variety of 

textual signals such as reference, lexical, semantic, morphological, syntactic and 

graphical features which are frequently used to signal relations, both in the absence of 

DMs or in addition to DMs. Furthermore, the correlation between relations and their 

signals is not one-to-one, but usually one-to-many. While a single relation is indicated by 

different types of signals, a particular signal is also used to indicate a number of different 

relations.  
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Although the majority of relations in the corpus contain signals, a few relations 

(1,553 relations, 7.26% of 21,400 relations) are not signalled. The reasons for not finding 

adequate signals for these relations are attributed to four factors: (a) the errors in the 

original relational annotation, (b) the presence of questionable coherence relations (such 

as Comment and Topic-Shift), (c) the consideration of only immediate spans and (d) the 

inability to pinpoint signals for some tenuous entity relations or for relations whose 

interpretations are based on world knowledge. 

The omnipresence of signals in discourse, as evidenced in our corpus study, 

reinforces the psychological claim that there exist signals for every interpretable relation. 

Furthermore, the signalling of relations is achieved not only by DMs, but mostly by other 

textual signals. This leads us to propose that the category of explicit relations should be 

expanded to include not only those relations indicated by DMs, but also those relations 

indicated by other signals. Implicit relations, on the other hand, can be characterized in 

terms of the absence of any signal. 

The annotated corpus with signalling information will have two main 

applications. First, it can be used in psycholinguistic studies to determine how readers or 

hearers use signals, both DMs and other signals, to identify relations in discourse. 

Second, the corpus can also be used to develop discourse parsing systems in order to 

automatically determine the presence and types of coherence relations. 

8.2. Limitations 

There are a few limitations of the present study. First, one of the goals of this 

study was to discover as many signals of coherence relations as possible. For this 

purpose, we have conducted an extensive survey of previous studies on the signalling in 

discourse. In addition, we have conducted a preliminary corpus study (Das & Taboada, 

2013a; Taboada & Das, 2013), examining part (ten percent) of the RST-DT (Carlson et 

al., 2002), in order to prepare a strong database of signals to be used in our main 

annotation task. Furthermore, in our final annotation task we also identified many new 
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signals which were not present in our original taxonomy of signals. Thanks to all this 

effort, we have been able to find a wide array of signals (classified into several types and 

numerous specific signals) which are distributed profusely in the corpus. However, in 

spite of all these accomplishments a few significant questions still remain: Was our 

search for signals absolutely exhaustive, or were there any signals that we overlooked or 

that we have been unable to identify? Can the presence of the 1,553 unsignalled relations 

in our corpus be accounted for by any valid signalling evidence other than factors such as 

errors in the original relational annotation or the consideration of only immediate spans? 

Or, can there be any signals which did not appear in the corpus, but can be present in 

some other corpora or elsewhere in some other forms of written discourse? We must 

admit that we do not have satisfactory answers to these questions, but we sincerely 

believe that the signals we found so far can successfully account for the significant 

majority of the relations present in any corpus.  

Second, our initial plan was to perform a layered annotation task in which the 

signalling annotation would be placed on top of the original relational annotation in the 

RST-DT. Accordingly, we required a suitable annotation tool that would allow us to 

organize both annotations in connected layers (see Chapter 5, Section 5.3 for more 

information). Unfortunately, there is, to our knowledge, no tool which provides 

annotations for RST structures and also for other kinds of annotations (such as signalling 

annotation as ours) on top of those RST structures. This problem led us to convert the 

RST annotation files (LISP files including the original texts with the associated RST 

structures) into simple text files representing all the relational information in a plain text 

format. Then, those text files were imported into UAM CorpusTool which allowed us to 

select and tag individual relations as they were represented as simple character strings. 

So, although in essence our annotation is based on the original RST annotations, 

technically it is not placed on top of the RST annotations. We believe that this problem 

can be resolved using a different tool such as ANNIS3
15

 (Zeldes et al., 2009) which 

 
15  http://www.sfb632.uni-potsdam.de/annis/ 
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provides visualization of (and also search options for) diverse types of annotation in 

different layers. ANNIS3 can already import and visualize the RST annotations from the 

RST-DT produced by RSTTool (O'Donnell, 1997), but it is not yet capable of doing the 

same for UAM CorpusTool outputs (although work on this is in progress). We hope that 

the layering of the relational and signalling annotations, respectively produced by 

RSTTool and UAM CorpusTool, can be achieved by ANNIS3 in the near future once it is 

ready to incorporate and visualize UAM CorpusTool outputs. 

Finally, in our study there was only one annotator (the author of this dissertation) 

who annotated the entire corpus. Results from our reliability study shows that we 

achieved a moderate degree of agreement in selecting signals for coherence relations, and 

we do feel confident about the accuracy of our annotation. Still, we acknowledge the 

possibility that there can be occasional errors in our annotation as it is common in every 

such venture. From our side, we have tried our best to make our corpus as good as 

possible, and will continue to do so until we feel it is ready to be released for public use. 

8.3. Future Directions 

The present study can be extended in at least three directions. First, research 

similar to ours can be conducted using different kinds of linguistic data. In our study, we 

focused on the signalling of relations in the newspaper genre which includes several sub-

genres such as financial reports, general interest stories, business-related news, cultural 

reviews, editorials and letters to the editor. The signalling of relations can be investigated 

in other genres to see if different genres employ different kinds of signalling techniques 

for indicating coherence relations. Also, in our study we examined the signalling of 

coherence relations in the English language. Similar work involving the annotation of 

signals in discourse, as mentioned in Chapter 5 (Section 5.7), are in rise for languages 

such as French (Afantenos et al., 2012), Dutch (Redeker et al., 2012) and Spanish 

(Duque, 2014). The line of research can be extended to other languages to see what 

different strategies for signalling are used in different languages. Cross-linguistic studies 
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on the signalling of relations can also be conducted in order to examine if the use of 

signals varies from language to language. Furthermore, as our research is based on the 

analysis of written texts, similar studies can be conducted for spoken language. Unlike 

written discourse which contains only different types of textual signals, the analysis of 

spoken language would probably manifest the presence of many linguistic signals as well 

as many paralinguistic features such as intonation, stress and pause. 

Second, the signalling of relations, particularly by other signals, can be 

investigated from a processing point of view. In computational linguistics, as mentioned 

in Chapter 3 (Section 3.2), a few studies have investigated the signalling beyond DMs. 

However, similar kind of research from a psycholinguistic point of view is very rare as 

most of the psycholinguistic studies to date have manipulated relations by adding or 

deleting DMs (or only a few signals). It would be very useful to extend such works by 

examining other types of signals, as proposed in this dissertation, to see what effects they 

have on comprehension. 

Finally, the research of signalling in discourse can take an applied approach. In 

computational linguistics, particularly in discourse parsing, the effectiveness of textual 

signals can be examined for the purpose of automatically determining the presence and 

type of coherence relations in unseen texts. More specifically, based on the correlation 

between relations and their signals documented in our study, one can compile (and 

modify, if necessary) the knowledge of different linguistic signals (not limited to DMs, as 

is generally practiced elsewhere) indicative of certain coherence relations. Next, the 

knowledge about signals can be exploited to create a set of concrete algorithms capable 

of being used in the development of a discourse parsing system, so that the finished 

application can be directed to analyze the discourse structure of unseen texts with much 

greater resources. 
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Appendix A.  

 

List of Relations in the RST Discourse Treebank 

The RST Discourse Treebank contains 78 relation types, divided into 53 

mononuclear and 25 multinuclear relations. Table 23 provides the complete listing of 

relations, arranged alphabetically by mononuclear relations (reproduced from Carlson 

and Marcu (2001: 42-44)). Mononuclear relations are listed in Column 1 if the satellite is 

the unit that characterizes the relation name. For example, in a Background relation, the 

satellite provides background information for the situation presented in the nucleus. 

Mononuclear relations listed in Column 2 are those in which the nucleus characterizes the 

relation name. For example, in a Cause relation, the nucleus is the cause of the situation 

presented in the satellite. Column 3 lists the multinuclear relations. Corresponding 

mononuclear and multinuclear relations are shown across a single row. In addition, 

mononuclear relation names begin with a lowercase letter, and multinuclear relation 

names begin with an uppercase letter. 

Table 23: List of relations in the RST Discourse Treebank 

Mononuclear (satellite) Mononuclear (nucleus) Multinuclear 

analogy  Analogy 

antithesis  Contrast 

attribution   

attribution-n   

background   

 cause Cause-Result 

circumstance   

comparison  Comparison 

comment   

  Comment-Topic 

concession   

conclusion  Conclusion 

condition   

consequence-s consequence-n Consequence 

contingency   

  Contrast (see antithesis) 

definition   

  Disjunction 

elaboration-additional   
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elaboration-set-member   

elaboration-part-whole   

elaboration-process-step   

elaboration-object-attribute   

elaboration-general-specific   

enablement    

evaluation-s evaluation-n Evaluation 

evidence   

example   

explanation-argumentative   

hypothetical   

interpretation-s interpretation-n Interpretation 

  Inverted-Sequence 

  List 

manner   

means   

otherwise  Otherwise 

preference   

problem-solution-s problem-solution-n Problem-Solution 

  Proportion 

purpose   

question-answer-s question-answer-n Question-Answer 

reason   Reason 

restatement    

 result  Cause-Result 

rhetorical-question   

  Same-Unit 

  Sequence 

statement-response-s statement-response-n Statement-Response 

summary-s summary-n  

 temporal-before  

temporal-same-time temporal-same-time Temporal-Same-Time 

 temporal-after  

  TextualOrganization 

  Topic-Comment 

topic-drift  Topic-Drift 

topic-shift  Topic-Shift 
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Appendix B.  

 

Signals of Coherence Relations 

In this section, the description of the signals used for annotating signals of 

coherence relations in the RST-DT is provided. The description includes definitions of 

the signals, their classifications and examples from the corpus. 

Conventions for interpreting examples from the RST-DT: The text within 

square brackets denotes a span. Each pair of square brackets is followed by either the 

uppercase character N, referring to the nucleus span, or the uppercase character S, 

referring to the satellite span. A pair of two spans (N and S) is respectively followed by a 

dash and the name of the relation that holds between the spans. The relation name is 

further followed by parentheses containing the file number (of the source document), and 

the span numbers (the location of the relation in the document), respectively. In addition, 

the file number and the span numbers within the parentheses are separated by a colon, 

and each span number is separated from the other span number by a forward slash. For 

highlighting a particular signal used, the relevant parts (referring to the relevant textual 

features) in a span are underlined. 

Single Signals 

A single signal is made of one (and only one) feature used to indicate a particular 

relation. The class of single signals comprises nine types of signals. 

Discourse Marker 

Definition: Discourse Markers (DMs) are lexical expressions which are primarily 

drawn from syntactic categories, such as conjunctions, adverbials and 

prepositional phrases. DMs connect discourse segments, and signal a coherence 

relation between those segments. E.g.,  
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(37) [Although Larsen & Toubro hadn't raised money from the public in 38 years,]S [its new 

owners frequently raise funds on the local market.]N – Antithesis (wsj_629: 142/143) 

DMs generally occur at the beginning of a span. However, they can also occur in 

the middle of a span. E.g.,  

(38) [Lawmakers often are reluctant to embarrass colleagues, even those of opposing political 

parties.]N [In the recent Housing and Urban Development Department scandal, for 

example, Rep. Thomas Lantos, the California Democrat who led the hearings, tiptoed 

through embarrassing disclosures about HUD grants secured by Sen. Alfonse D'Amato, a 

New York Republican.]S – Example (wsj_1366: 31/32-35) 

(39) [Mr. Lee, president of Luzon Petrochemical Corp., said the contract was signed 

Wednesday in Tokyo with USI Far East officials.]N [Contract details, however, haven't 

been made public.]S – Elaboration-additional (wsj_606: 10-11/12) 

DMs can also occur at the end of a span (although very rarely). E.g., 

(40) [In this connection, it is important to note that several members of New York's sitting 

City Council represent heterogeneous districts that bring together sizable black, Hispanic, 

and non-Hispanic white populations]N [-- Carolyn Maloney's 8th district in northern 

Manhattan and the south Bronx and Susan Alter's 25th district in Brooklyn, for 

example.]S – Example (wsj_1137: 78-79/80) 

DMs can occur discontinuously as a pair in which one part presupposes the 

presence of other, while both parts, in combination, signal a single relation. E.g., 

(41) [interest costs would either be paid by the student]N [or added to the loan balance.]N – 

Otherwise (wsj_1131: 91/92) 

(42) [If the economy slips into a recession,]S [then this isn't a level that's going to hold.]N – 

Condition (wsj_681: 156/157)  

(43) [Not only are there camera operators on all sides,]N [but the proceedings are shown on 

monitors throughout the theater.]N – List (wsj_1984: 15/16) 

Sometimes, two DMs are conjoined with each other, and can be used as a single 

DM. E.g., 
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(44) [When and if the trust runs out of cash -- which seems increasingly likely --]S [it will 

need to convert its Manville stock to cash.]N – Condition (wsj_1328: 16-17/18) 

Sometimes, two DMs can be used separately to indicate a single relation, as in the 

case of multiple signals. E.g.,  

(45) [that would allow them to acknowledge that Sverdlovsk violated the 1972 agreement]N 

[or, alternatively, that would give U.S. specialists reasonable confidence that this was a 

wholly civilian accident.]N – Disjunction (wsj_1143: 78-79/80-81) 

(46) [it expects to shed its remaining mortgage loan origination operations outside its principal 

markets in New Jersey and Florida]N [and, as a result, is taking a charge for discontinued 

operations.]S – Cause (wsj_2359: 25/26) 

Reference Features 

Reference features used in our annotation are based on the concept of reference 

(under grammatical cohesion) as proposed in Halliday and Hasan (1976). 

Reference items are represented by pronouns and other referential expressions. 

We used four types of reference: personal reference, demonstrative reference, 

comparative reference and propositional reference (used in the sense of extended 

reference and text reference in Halliday and Hasan (1976)).  

Personal Reference 

Definition: The personal reference feature refers to pronouns (such as I, they 

and him), possessive determiners (such as my, your and her) and possessive 

pronouns (such as mine and yours) which are present in one span, and refer to 

an object or entity (or a pronoun) mentioned in the other span. E.g., 

(47) [Michael A. Miles, chief executive officer of Philip Morris Cos. ' Kraft General 

Foods unit, bought 6,000 shares of the company on Sept. 22 for $157 each.]N 

[The $942,000 purchase raised his holdings to 74,000 shares.]S – Elaboration-

additional (wsj_1157: 68/69) 
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(48) [Many adjusters are authorized to write checks for amounts up to $100,000 on 

the spot.]N [They don't flinch at writing them.]S – Elaboration-additional (File 

3: 27/28) 

(49) [Whatever the difficulties, Mr. Gorbachev remains committed to increasing 

foreign trade.]N [For political as well as economic reasons, U.S. companies are 

at the top of his priorities -- a point he underscored by spending two hours 

walking around the U.S. trade show last week.]S – Elaboration-additional 

(wsj_1368: 49/50-52) 

Demonstrative Reference 

Definition: The demonstrative reference feature refers to four demonstrative 

determiners: this, that, these and those, four demonstrative pronouns: this, 

that, these and those, and four adverbs: here, there, now and then, which are 

present in one span and refer to an object or entity mentioned in the other 

span. E.g.,   

(50)  [Six top executives at the New York-based company sold shares in August and 

September.]N [Four of those insiders sold more than half their holdings.]S – 

Elaboration-general-specific (wsj_1157: 2/3) 

(51) [(ABC stops short of using an "applause" sign and a comic to warm up the 

audience.]N [The stars do that themselves.)] – Elaboration-additional (wsj_633: 

66-67/68) 

(52) [… Adjusters must count the number of bathrooms, balconies, fireplaces, 

chimneys, microwaves and dishwashers.]N [But they must also assign a price to 

each of these items as well as to floors, wallcoverings, roofing and siding, to 

come up with a total value for a house…]S – Elaboration-additional (wsj_File3: 

110-111/112-115) 

(53) [The argument turns on the discovery in 1909 of an amazing fossil quarry high 

in the Canadian Rockies called the Burgess Shale.]N [Here, in an area smaller 

than a city block, lay buried traces of countless weird creatures that had 

frolicked more than 500 million years ago…]S – Elaboration-additional 

(wsj_1158: 26-27/28-31) 
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Comparative Reference 

Definition: The comparative reference feature refers to those reference items 

(words such as equal, identical, similar, differently, more, less, better and 

worse) which are present in one span and refer to an object or entity in the 

other span by means of identity or similarity. E.g.,  

(54) [We are working significantly longer and harder]N [than has been the case in the 

past]S – Comparison (wsj_604: 81/82) 

(55) [Texas and California are traditionally powerful within the conference,]N [but 

equally striking is the dominance of Alaska, Pennsylvania and West Virginia 

because of their power elsewhere in the appropriations process.]N – Comparison 

(wsj_1147: 84/85-86) 

(56) [In a great restaurant, don't deprive yourself.]N [The other meals don't matter.]N 

– Contrast (wsj_1367: 148/149) 

Propositional Reference 

Definition: The propositional reference feature, usually represented by 

pronouns: it, this and that, in one span, refers to a proposition (a process, 

phenomenon or fact, and NOT an object or entity) in the other span. E.g.,  

(57) [They've been looking to get their costs down,]N [and this is a fairly sensible 

way to do it]S – Elaboration-additional (wsj_2394: 46/47) 

(58) ["They've been looking to get their costs down,]N [and this is a fairly sensible 

way to do it,"]S – Elaboration-additional (wsj_2394: 46/47) 

(59) [An official with lead underwriter First Boston said orders for the San Antonio 

bonds were "on the slow side."]N [He attributed that to the issue's aggressive 

pricing and large size, as well as the general lethargy in the municipal 

marketplace…]S – Elaboration-additional (wsj_1322: 136-137/138-144) 
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Lexical Features 

Lexical features include the use of indicative words and phrases, such as 

individual words that indicate a relation, for example, the verbs concede and 

cause for Concession and Cause respectively. The difference between DMs and 

lexical features is that DMs are used as the linking elements between discourse 

segments, but items representing lexical features do not connect text spans. 

Indicative Word 

Definition: The indicative word feature refers to a word or phrase which 

signals a relation. E.g., 

(60) [Sales in the first half came to 159.92 billion yen,]N [compared with 104.79 

billion yen in the four-month period.]N – Comparison (wsj_643: 11/12) 

(61) [Iran's President Rafsanjani offered to help gain freedom for Western hostages 

in Lebanon,]N [but said the assistance was contingent on U.S. aid in resolving 

the cases of three Iranians kidnapped in Lebanon in 1982 or the release of frozen 

Iranian assets.]S – Contingency (wsj_1353: 77/78-82) 

(62) [Mr. Palmero recommends Temple-Inland,]N [explaining that it is "virtually the 

sole major paper company not undergoing a major capacity expansion," and thus 

should be able to lower long-term debt substantially next year.]S – Explanation-

argumentative (wsj_666: 72/73-76) 

Alternate Expression 

Definition: The alternate expression feature refers to a short tensed clause 

which functions as the signal of a relation. E.g.,  

(63) [“much of the increase in debt in recent years is due to increasing credit use by 

higher-income families,"]N [that is, "those probably best able to handle it.”] – 

Elaboration-additional (wsj_1389: 56/57) 

(64) [Production of full-sized vans will be consolidated into a single plant in Flint, 

Mich.]N [That means two plants -- one in Scarborough, Ontario, and the other in 
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Lordstown, Ohio -- probably will be shut down after the end of 1991…]S – 

Interpretation (wsj_2338: 45: 46-53)  

(65) [Total Pentagon requests for installations in West Germany, Japan, South Korea, 

the United Kingdom and the Philippines, for example, are cut by almost two-

thirds, while lawmakers added to the military budget for construction in all but a 

dozen states at home.]N 

[The result is that instead of the Pentagon's proposed split of 60-40 between 

domestic and foreign bases, the reduced funding is distributed by a ratio of 

approximately 70-30.]N – Cause-result (wsj_686: 10-11/12) 

Semantic Features 

Unlike most other single signals, a semantic feature has two components (words 

or phrases), each belonging to one of the spans. The components are in a semantic 

relationship with each other, such as synonymy, antonymy and lexical chain. 

Unlike reference features which are exclusively represented by pronouns and 

other referential expressions, the semantic features are represented by devices of 

lexical cohesion (Halliday & Hasan, 1976), and not by pronouns and referential 

expressions. 

Synonymy 

Definition: Words or phrases in respective spans are in a synonymy 

relationship, or a proper noun or a name in one span is abbreviated or 

mentioned as an acronym (referring to the same object or entity) in the other 

span. E.g., 

(66) [Tandy's stock fell… Net for the quarter was $62.8 million, or 73 cents a share, 

down from $64.9 million, or 72 cents a share, a year earlier.]N [The company 

said earnings would have increased if it hadn't been...]S – Elaboration-additional 

(wsj_1374: 9-12/13-17) 
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(67) [Finnair, Finland's state-owned airline, joined the wave of global airline 

alliances and signed a wide-ranging cooperation agreement with archrival 

Scandinavian Airlines System.]N  

[Under the accord, Finnair agreed to coordinate flights, marketing and other 

functions with SAS, the 50%-state-owned airline of Denmark, Norway and 

Sweden.]S – Elaboration-additional (wsj_631: 1-2/3) 

Antonymy 

Definition: Words or phrases in respective spans are in an antonymy 

relationship. E.g.,  

(68) [In 1988, Kidder eked out a $46 million profit, mainly because of severe cost 

cutting.]N [Its 1,400-member brokerage operation reported an estimated $5 

million loss last year,…]N – Contrast (wsj_604: 31-32/33-40) 

(69) [While oil prices have been better than expected,]S [natural gas prices have been 

worse.]N – Antithesis (wsj_2325: 61-62/63) 

(70) [… higheri bidding narrowsj the investor's return]N [while loweri bidding 

widensj it.]N – Contrast (wsj_1322: 82/83) 

Meronymy 

Definition: Words or phrases in respective spans are in a meronymy 

relationship. In other words, a set of objects or entities is introduced in one 

span, and a member object or entity from that set is mentioned in the other 

span. E.g., 

(71) [Predicting the financial results of computer firms has been a tough job lately.]N  

[Take Microsoft Corp., the largest maker of personal computer software and 

generally considered an industry bellwether… ]S – Example (wsj_2365: 1/2-22) 

(72)  [… it gave ground to Mr. Inouye on a number of projects,]N [ranging from a 

$11 million parking garage here, to a land transfer in Hawaii, to a provision to 
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assist the Makwah Indian Tribe in Washington state.]S – Example (wsj_1147: 

98/99-103) 

Repetition 

Definition: An entity is introduced in one span, and the entity (or its name) is 

repeated in the other span. E.g.,  

(73) [“They are not a happy group of people at Battle Creek right now.”]N [Kellogg 

is based in Battle Creek, Mich., a city that calls itself the breakfast capital of the 

world.] – Elaboration-additional (wsj_610: 29/30-31) 

(74) [Industry estimates put Avis'si annual costj of all five programs at between $8 

million and $14 million.]N [A spokesman for Avisi wouldn't specify the costsj 

but said the three airlines being dropped account for "far less than half" of the 

total.]S – Elaboration-additional (wsj_2394: 8/9-13) 

Indicative Word Pair 

Definition: Words or phrases in the respective spans form a word (or phrasal) 

pair as they are very closely related by their semantic content. E.g.,  

(75) [Under one count, Gulf Power would plead guilty to conspiring to violate the 

Utility Holding Company Act.]N [Under the second count, the company would 

plead guilty to conspiring to evade taxes.]N – List (wsj_619: 16/17) 

(76) [Asked about the speculation that Mr. Louis-Dreyfus has been hired to pave the 

way for a buy-out by the brothers,]S [the executive replied, "That isn't the reason 

Dreyfus has been brought in. He was brought in to turn around the company."]N 

– Question-Answer (wsj_2331: 44-46/47-51) 

(77) [… Mr. Lawson resigned from his six-year post because of a policy squabble 

with other cabinet members.]N 

[He was succeeded by John Major, who Friday expressed a desire for a firm 

pound and supported the relatively high British interest rates… ]N – Sequence 

(wsj_693: 51-52/53-61) 
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Lexical Chain 

Definition: Words or phrases in the respective spans are identical or 

semantically related. Unlike the repetition feature, words or phrases in lexical 

chains do not refer to object or entity, but they belong to the class of indefinite 

or common nouns and also other syntactic categories, such as adjectives, 

verbs and adverbs. Lexical chain differs from synonymy, antonymy, 

meronymy and indicative word pair in a significant way. While in the latter 

categories, the semantic relation between the words or phrases is very strong 

and can be specified, words or phrases present in a lexical chain are related to 

each other by a relatively weak semantic connection. E.g.,  

(78) [Insiders have been sellingi sharesj in Dun & Bradstreet Corp., the huge creditj-

information concernk.]N 

[Six top executives at the New York-based companyk soldi sharesj in August and 

September.  Four of those insiders soldi more than half their holdingsj.]S – 

Elaboration-general-specific (wsj_1157: 1/2-3) 

(79) [Personal-computer makers will continue to eat away at the business of more 

traditional computer firms.]N [Ever-more powerful desk-top computers, 

designed with one or more microprocessors as their "brains," are expected to 

increasingly take on functions carried out by more expensive minicomputers and 

mainframes.]S – Elaboration-additional (wsj_2365: 109/110-113) 

Sometimes, the connection between words or phrases present in a lexical 

chain is more of a suggestive nature specifying a cause-result, explanatory or 

contrast relationship. E.g.,  

(80) [Since commercial airline flights were disrupted,]S [the company chartered three 

planes to fly these executives back to the West Coast and bring along portable 

computers, cellular phones and some claims adjusters.]N – Reason (wsj_File 3: 

84/85-87) 

(81) [Robert F. Singleton, Knight-Ridder's chief financial officer, said the company 

was "pleased" with its overall performance, despite only single-digit growth in 
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newspaper revenue.]N [That division's revenue rose 2.3% to $472.5 million 

from $461.9 million in the year-ago period. Gains in advertising revenue, 

however, resulted in operating profit of $78.4 million -- up 20% from $65.6 

million.]S – Explanation-argumentative (wsj_1182: 9/10-12) 

(82) [… he accepted the resignation of Thomas Wilson, vice president of corporate 

sales,]N [… his marketing responsibilities have been reassigned]N – Sequence 

(wsj_2342: 19/20)  

(83) [While the earnings picture confuses,]S [observers say the major forces expected 

to shape the industry in the coming year are clearer.]N – Antithesis (wsj_2365: 

47/48-51) 

General Word 

Definition: Words such as thing, matter and issue which are present in one 

span, and refer to an object, entity, fact or proposition in the other span in a 

more general way. E.g.,  

(84) ["You have to count everything." Adjusters must count the number of 

bathrooms, balconies, fireplaces, chimneys, microwaves and dishwashers.]N 

[But they must also assign a price to each of these items as well as to floors, 

wallcoverings, roofing and siding, to come up with a total value for a house. To 

do that, they must think in terms of sheetrock by the square foot, carpeting by 

the square yard, wallpaper by the roll, molding by the linear foot.]S – 

Elaboration-additional (wsj_File3: 110-111/112-115) 

(85) [Italian President Francesco Cossiga promised a quick investigation into 

whether Olivetti broke Cocom rules.]N [President Bush called his attention to 

the matter during the Italian leader's visit here last week.]S – Elaboration-

additional (wsj_2326: 28-29/30) 

Morphological Features 

Tense 

Definition: The tense feature refers to a change of tense, aspect or mood 

between the relevant clauses or sentences in the respective spans. E.g.,  



 

179 

(86) [In June, the company agreed to settle for $18 million several lawsuits related to 

its sales practices, without admitting or denying the charges.]N [An 

investigation by U.S. Postal inspectors is continuing.]N – Sequence (wsj_1157: 

21-23/24) 

(87) [Neither suit lists specific dollar claims,]N [largely because damage assessment 

hasn't yet been completed.]S – Circumstance (wsj_1347: 10/11) 

(88) [… the opposition parties are so often opposed to whatever LDP does]N [that it 

would be a waste of time.]S – Consequence (wsj_1120: 70/71) 

Syntactic Features 

Relative Clause 

Definition: One span, functioning as the satellite, is a relative clause 

modifying an object or entity (or a proposition in a few instances) present in 

the other span or nucleus. E.g.,  

(89) [One of Dun & Bradstreet's chief businesses is compiling reports]N [that rate the 

credit-worthiness of millions of American companies.]S – Elaboration-object-

attribute (wsj_1157: 12/13) 

(90) [The Tokyo-based company had net of 3.73 billion yen in the previous reporting 

period,]N [which was the four months ended March 31.]S – Elaboration-

additional (wsj_643: 8/9-10) 

Infinitival Clause 

Definition: One span, functioning as the satellite, is an infinitival clause 

embedded under the main clause or nucleus. E.g.,  

(91) [… this tactic was designed]N [to soften the blow of declining stock prices and 

generate an offsetting profit by selling waves of S&P futures contracts.] – 

Purpose (wsj_2381: 86/87-89) 
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(92) [To encourage more competition among exporting countries,]S [the U.S. is 

proposing that export subsidies, including tax incentives for exporters, be phased 

out in five years.]N – Purpose (wsj_1135: 54/55-58) 

Present Participial Clause 

Definition: One span, functioning as the satellite, is a present participial clause 

embedded under the main clause or nucleus. E.g.,  

(93) [Wyse has done well]N [establishing a distribution business,]S – Manner 

(wsj_2365: 99/100) 

(94) [NASA pronounced the space shuttle Atlantis ready for launch tomorrow]N 

[following a five-day postponement of the flight because of a faulty engine 

computer.]S – Circumstance (wsj_2356: 48/49-50) 

Past Participial Clause 

Definition: One span, functioning as the satellite, is a past participial clause 

embedded under the main clause or nucleus. E.g.,  

(95) [The offer would give the transaction an indicated value of $189 million,]N 

[based on the 18.9 million shares the group doesn't already own.]S – 

Circumstance (wsj_697:4/5-6) 

(96) [wedged between shifting dunes and pounding waves at the world's most 

inhospitable diamond dig,]S [lies the earth's most precious jewel box.]N – 

Elaboration (wsj_1121: 21/22) 

Imperative Clause 

Definition: One span, functioning as the satellite, is an imperative clause. E.g.,  

(97) [Predicting the financial results of computer firms has been a tough job lately.]N 

[Take Microsoft Corp., the largest maker of personal computer software and 

generally considered an industry bellwether…]S – Example (wsj_2365:1/2-22) 
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(98)  [“Now you go to districts,]S [you're likely to get candidates whose views are 

more extreme, white and black, on racial issues.”]N – Contingency (wsj_1137: 

114/115-116) 

Interrupted Matrix Clause 

Definition: The nucleus span is a sentence which is interrupted by the 

insertion of a clause or phrase functioning as the satellite span. E.g., 

(99) [At a recent meeting of manufacturing executives, "everybody]Ni [I talked 

with]S [was very positive,"]Ni – Same-Unit (wsj_628: 25/27) 

(100) [Litigation,]N [if not settled out of court,]S [could drag on for years.]N – Same-

Unit (wsj_1347: 14/16) 

Parallel Syntactic Construction 

Definition: The spans (clausal segments) or part of the spans (phrasal 

segments) are parallel to each other in syntactic construction. E.g.,  

(101) [that only a black politician can speak for a black person,]N [and that only a 

white politician can govern on behalf of a white one.]N – List (wsj_1137:43/44) 

(102) [Time may seek to break up the transaction after it is consummated,]N [or may 

seek constraints that would prevent...]N – Disjunction (wsj_1190:28-29/30-31) 

Sometimes, similar syntactic constructions such as a pair of reported speeches 

or imperative clauses or interrogative clauses are also considered to form a 

parallel syntactic construction. E.g.,  

(103) [Gaylord Container said analysts are skeptical of it because it's carrying a lot of 

debt.]N [Champion International said, "We've gotten our costs down and we're 

better positioned for any cyclical downturn than we've ever been."]N – List 

(wsj_666: 46-48/49-52) 

(104) [Do you really need this much money to put up these investments?]N [Have you 

told investors what is happening in your sector?]N – List (wsj_629: 130-

131/132-133) 
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Reported Speech 

Definition: The satellite span is the reporting speech and the nucleus span is 

the reported speech. E.g.,  

(105) [Legal strategists say]S [that damage claims against the oil giant and others 

could well exceed $1 billion.]N – Attribution (wsj_1347: 12/13) 

(106) [Machine tool executives are hopeful, however,]S [that recent developments in 

Eastern Europe will expand markets for U.S.-made machine tools in that 

region.]N –Attribution (wsj_628: 38/39) 

(107) [September orders for machine tools rebounded from the summer doldrums, but 

remained 7.7% below year-earlier levels,]N [according to figures from NMTBA 

-- the Association for Manufacturing Technology.]S – Attribution (wsj_628: 4-

5/6-7) 

Subject Auxiliary Inversion 

Definition: The position of the subject and auxiliary verb in a subordinate 

clause (functioning as the satellite) is interchanged. E.g.,  

(108) [Should the courts uphold the validity of this type of defense,]S [ASKO will 

then ask the court to overturn such a vote-diluting maneuver recently deployed 

by Koninklijke Ahold NV.]N – Condition (wsj_2383: 11/12-13) 

(109) [Had he been a little less gung-ho,]S ["I'd have gotten the thing on the ground 

and headed for the nearest bar," Mr. Brown says.]N – Condition (wsj_1394: 

15/16-18) 

Nominal Modifier 

Definition: The satellite span is a reduced relative clause or a non-finite clause 

functioning as the modifier of an object or entity present in the main clause or 

nucleus. E.g.,  

(110) [state officials interfered with the oil company's initial efforts]N [to treat last 

spring's giant oil spill.]S – Elaboration-object-attribute (wsj_1347: 3/4) 
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(111) [The action is a counterclaim to a suit]N [filed by Alaska in August against 

Exxon and six other oil companies.]S – Elaboration-object-attribute (wsj_1347: 

5/6) 

Adjectival Modifier 

Definition: The satellite span is a non-finite clause functioning as the modifier 

of an adjective present in the main clause or nucleus. E.g.,  

(112) [it is prudent]N [to plan for next year on the assumption that revenue again will 

be flat.]S – Elaboration-additional (wsj_1155: 7/8-9) 

(113) [Conviction on any single impeachment article was enough]N [to remove Judge 

Hastings from office.]S – Elaboration-object-attribute (wsj_1396: 12/13) 

Graphical Features 

Colon 

Definition: The first span ends with a colon followed by the second span. E.g.,  

(114) [The market has taken two views:]N [that the labor situation will get settled in 

the short term and that things look very rosy for Boeing in the long term,]S – 

Elaboration-set-member (wsj_2308: 78/79-80) 

Semicolon 

Definition: The first span ends with a colon followed by the second span. E.g.,  

(115) [The standard of living has increased steadily over the past 40 years;]N [more 

than 90% of the people consider themselves middle class.]N – List (wsj_1120: 

20/21) 

Dash 

Definition: The first span ends with a dash followed by the second span, or 

one of the spans is within dashes. E.g.,  
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(116) [For political as well as economic reasons, U.S. companies are at the top of his 

priorities]N [-- a point he underscored by spending two hours walking around 

the U.S. trade show last week.]S – Elaboration-additional (wsj_1368: 50/51-52) 

Parentheses 

Definition: The satellite span is inside parentheses. E.g.,  

(117) [The expected amount is said to be 700 billion yen]N [($4.93 billion)]S – 

Restatement (wsj_1187: 53/54) 

Items in Sequence 

Definition: The nuclei in a multinuclear relation are presented as a numbered 

list or as items occurring in a sequential order. E.g., 

(118) [B & H Crude Carriers Ltd. -- Four million common shares, via Salomon 

Brothers Inc.]N 

[Chemical Banking Corp. -- 14 million common shares, via Goldman, Sachs & 

Co.]N 

[Chemex Pharmaceuticals Inc. -- 1.2 million units consisting of two shares of 

common stock and one common warrant, via PaineWebber Inc.]N – List 

(wsj_678: 7-8/9-10/11-14) 

Genre Features 

Genre features refer to those signals which are generally found in newspaper 

genre. 

Inverted Pyramid Scheme 

Definition: The content of the first paragraph (or the first few paragraphs) is 

elaborated on in the subsequent paragraphs. Typically in a newspaper report 

or news article, the most important information (or the topics) is presented as 

a summary in the beginning of the text or in the first paragraph (or in the first 
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few paragraphs), and the more detail is provided about those information (or 

those topics) in the paragraphs that follow. E.g.,  

(119) [Sun Microsystems Inc., a computer maker, announced the effectiveness of its 

registration statement for $125 million of 6 3/8% convertible subordinated 

debentures due Oct. 15, 1999.]N 

[The company said the debentures are being issued at an issue price of $849 for 

each $1,000 principal amount and are convertible at any time prior to maturity at 

a conversion price of $25 a share.  

The debentures are available through Goldman, Sachs & Co.]S – Elaboration-

additional (wsj_650: 1/2-5) 

Newspaper Layout 

Definition: Visual features that helps understanding the organization of a 

newspaper text (e.g., heading, date and place, body of text, information about 

the author). E.g., 

(120) [Companies listed below reported quarterly profit substantially different from 

the average of analysts' estimates. The companies are followed by at least three 

analysts, and had a minimum five-cent change in actual earnings per share. 

Estimated and actual results involving losses are omitted…]N 

[Source: Zacks Investment Research]N – TextualOrganization (wsj_696: 1-

11/12-13) 

(121) [Monday, October 23, 1989]N  

[The key U.S. and foreign annual interest rates below are a guide to general 

levels but don't always represent actual transactions…]N – TextualOrganization 

(wsj_1339: 1/2-70) 

Newspaper Style Attribution 

Definition: Features characteristic of the newspaper genre, indicative of 

Attribution relations. E.g.,  
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(122) ["Dividend News: Payout Stalled at Quantum Chemical Corp. --- Firm Posts 

Quarterly Loss, Plans a Stock Dividend to Take Place of Cash"]N [-- WSJ Oct. 

27, 1989)]S – Attribution (wsj_614: 4-8/9) 

(123) [Debate on IRAs Centers on Whether Tax Break Should Be Immediate or Put 

Off Till Retirement"]N [-- WSJ Oct. 27, 1989)]S – Attribution (wsj_605: 6/7) 

Newspaper Style Definition 

Definition: Features characteristic of the newspaper genre, indicative of 

Definition relations. E.g.,  

(124) [PRIME RATE: 10 1/2%.]N [The base rate on corporate loans at large U.S. 

money center commercial banks.]S – Definition (wsj_1118: 4-5/6) 

(125) [MERRILL LYNCH READY ASSETS TRUST: 8.59%.]N [Annualized average 

rate of return after expenses for the past 30 days; not a forecast of future 

returns.]S – Definition (wsj_1118: 67-68/69) 

Numerical Features 

Same Count 

Definition: The number of certain objects or entities represented by a word 

(e.g., five, two) in one span is equal to the numerical count of those objects or 

entities present in the other span. E.g.,   

(126) [The investor group includes Restaurant Investment Partnership, a California 

general partnership, and three Rally's directors:]N [Mr. Sugarman, James M. 

Trotter III and William E. Trotter II.]S – Elaboration-set-member (wsj_695: 

11/12) 

(127) [That means two plants]N [-- one in Scarborough, Ontario, and the other in 

Lordstown, Ohio --]S – Elaboration-general-specific (wsj_2338: 46/47) 
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Combined Signals 

Combined signals comprise two single (other) signals (or features) which work in 

combination with each other to indicate a particular relation. Consider the following 

example from the RST-DT. 

(128) [Gerald C. Beddall, 47 years old, was named president of the Clairol division of this 

pharmaceuticals and health-care company.]N [He succeeds C. Benjamin Brooks Jr.,…]S 

– Elaboration-additional (wsj_1341: 3/4-8) 

Here, two types of single signals, a reference feature and a syntactic feature, are 

operative together in signalling the Elaboration-additional relation. The reference feature 

indicates that He in the satellite span is a personal pronoun as it refers back to Gerald C. 

Beddall mentioned (or introduced) in the nucleus span. Syntactically, the personal 

pronoun, He, is also in the position of the subject NP of the sentence the satellite span 

starts with, representing the topic of the Elaboration-additional relation. Therefore, the 

combined signal, comprising the reference and syntactic feature – in the form of a 

personal reference plus a subject NP, represented as (personal reference + subject NP) – 

functions here as a signal for the Elaboration-additional relation. A combined signal is 

represented within parentheses, including two features conjoined by the ‘+’ symbol. For 

example, a combined signal containing feature 1 and feature 2 is represented in the 

following form: (feature 1 + feature 2). 

The class of combined signals includes six types of signals. 

(reference + syntactic) features 

(personal reference + subject NP) 

Definition: An object or entity (or a pronoun) is mentioned in the first (also 

nucleus) span, and a personal pronoun (I, she, they) referring to the same 

object or entity (or that previously mentioned pronoun) is used as (i) the 

subject NP of the sentence the satellite span starts with, or (ii) the subject NP 
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of the sentence the embedded sub-nucleus span inside the satellite span starts 

with.  

Also, a personal pronoun (I, she, they) is used in the first (also nucleus) span, 

and an object or entity referring to the same pronoun is used as (i) the subject 

NP of the sentence the satellite span starts with, or (ii) the subject NP of the 

sentence the embedded sub-nucleus span inside the satellite span starts with. 

E.g.,  

(129) [John C. Holt, an executive vice president and Dun & Bradstreet director, sold 

10,000 shares on Aug. 31 for $588,800, filings show.]N [He retains 9,232 

shares.]S – Elaboration-additional (wsj_1157: 29-30/31) 

(130) [He added that the company expects "strong" operating profit for the year, "but 

at a level significantly lower than last year."]N [He said 1989's net income could 

be 11% to 13% of revenue, ...] S – Elaboration-additional (wsj_1155: 35-36/37-

42) 

(131) ["They are not a happy group of people at Battle Creek right now."]N [Kellogg 

is based in Battle Creek, Mich., a city that calls itself the breakfast capital of the 

world.]S – Elaboration-additional (wsj_610: 29/30-31) 

(demonstrative reference + subject NP) 

Definition: An object or entity (or demonstrative pronoun) is mentioned in the 

first (also nucleus) span, and a demonstrative pronoun (this, that, those) 

referring to the same object or entity (or that previously mentioned pronoun) 

is used as (i) the subject NP of the sentence the satellite span starts with, or (ii) 

the subject NP of the sentence the embedded sub-nucleus span inside the 

satellite span starts with. E.g.,  

(132) ["We're talking policy limits."]N [In this case, that's about $250,000.]S – 

Elaboration-general specific (wsj_File3: 189/190) 

(133) [The issue includes $100 million of insured senior lien bonds.]N [These consist 

of current interest bonds due 1990-2002, 2010 and 2015, and capital 
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appreciation bonds due 2003 and 2004, …]S – Elaboration-general-specific 

(wsj_1161: 69/70-73) 

(134) [this is not bad news;]N [this is a blip,"]S – Elaboration-additional (wsj_2358: 

43/44) 

(comparative reference + subject NP) 

Definition: An object or entity is introduced in the first (also nucleus) span, 

and a comparative referential item (e.g., other, another) referring to the same 

object or entity is used as (i) the subject NP of the sentence the satellite span 

starts with, or (ii) the subject NP of the sentence the embedded sub-nucleus 

span inside the satellite span starts with. E.g.,  

(135) [Hundreds of East Germans flocked to Bonn's Embassy in Warsaw, bringing to 

more than 1,200 the number of emigres expected to flee to the West beginning 

today.]N [More than 2,100 others escaped to West Germany through Hungary 

over the Weekend.]S – Elaboration-additional (wsj_2356: 67-70/71) 

(propositional reference + subject NP) 

Definition: A fact, process or proposition in the first span (also nucleus) is 

referred to by the pronouns it, this or that, and the pronoun also occurs as (i) 

the subject NP of the sentence the satellite span starts with, or (ii) the subject 

NP of the sentence the embedded sub-nucleus span inside the satellite span 

starts with. E.g.,  

(136) [Introducing pool, argued Councilwoman Riley Reinker, would be 

"dangerous.]N [It would open a can of worms."…]S – Elaboration-additional 

(wsj_2367: 32-34/35-36) 

(137) [the network now needs to "broaden the horizons of nonfiction television,]N 

[and that includes some experimentation."]S – Elaboration-additional (wsj_633: 

47:48) 

(138) [… Manhattan retail rents have dropped 10% to 15% in the past six months 

alone, experts say.]N [That follows a more subtle decline in the prior six 
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months, after Manhattan rents had run up rapidly since 1986.]S – Elaboration-

additional (wsj_2346: 27-28/29-30) 

(semantic + syntactic) features 

(repetition + subject NP) 

Definition: An object or entity in the first (also nucleus) span is repeated, and 

it occurs as (i) the head of the subject NP of the sentence the satellite span 

starts with, or (ii) the head of the subject NP of the sentence the embedded 

sub-nucleus span inside the satellite span starts with. E.g.,  

(139) [Machine tool shipments last month were $281.2 million, a 24% rise from a year 

earlier and a 25% increase from August.]N [Shipments have run well ahead of 

1988 all year, as machine tool builders produce against relatively good 

backlogs… ]S – Elaboration-additional (wsj_628: 62/63-71) 

(140) [Craig Tillery, an Alaska assistant attorney general, said in an interview last 

night that Exxon's accusations "are not new.]N [Exxon has made them before, at 

which point the state demonstrated they were untrue.]S – Elaboration-additional 

(wsj_1347: 25-26/27-29) 

(141) [The company is beginning to ship a new software program that's being heralded 

as a boon for owners of low-end printers sold by Apple…]N [John Warnock, 

Adobe's chief executive officer, said the Mountain View, Calif., company has 

been receiving 1,000 calls a day about the product...]S – Elaboration-additional 

(wsj_2365: 63-66/67-69) 

(lexical chain + subject NP) 

Definition: A word (or phrase) in the satellite (also second) span is either 

identical or semantically related to a certain word(s) present in the nucleus 

(also first) span, and that word (or phrase) in the satellite span is used as (i) 

the head of the subject NP of the sentence the satellite span starts with, or (ii) 

the head of the subject NP of the sentence the embedded sub-nucleus span 

inside the satellite span starts with. E.g.,  



 

191 

(142) [Michael A. Miles, chief executive officer of Philip Morris Cos. ' Kraft General 

Foods unit, bought 6,000 shares of the company on Sept. 22 for $157 each.]N 

[The $942,000 purchase raised his holdings to 74,000 shares.]S – Elaboration-

additional (wsj_1157: 68/69) 

(143) [Sales in the first half came to 159.92 billion yen, compared with 104.79 billion 

yen in the four-month period.]N  

[Shiseido predicted that sales for the year ending next March 31 will be 318 

billion yen, compared with 340.83 billion yen in the year ended Nov. 30, 

1988…]S – Elaboration-additional (wsj_643: 11-12/13-20) 

(144)  [Most institutional investors have abandoned the portfolio insurance hedging 

technique, which is widely thought to have worsened the 1987 crash.]N [Not 

really insurance, this tactic was designed to soften the blow of declining stock 

prices and generate an offsetting profit by selling waves of S&P futures 

contracts…]S – Elaboration-general-specific (wsj_2381: 84-85/86-92) 

(synonymy + subject NP) 

Definition: A word (or phrase) in the satellite (also second) span is 

synonymous to (or is an acronym of) a certain word(s) present in the nucleus 

(also first) span, and that word (or phrase) in the satellite span is used as (i) 

the head of the subject NP of the sentence the satellite span starts with, or (ii) 

the head of the subject NP of the sentence the embedded sub-nucleus span 

inside the satellite span starts with. E.g.,  

(145) [As expected, Kellogg reported lower third-quarter earnings.]N [Net fell 16% to 

$123.1 million, or $1.02 a share, from $145.7 million, or $1.18 a share.]S – 

Elaboration-additional (wsj_610: 96-97/98) 

(146) [Mr. Antar was charged last month in a civil suit filed in federal court in Newark 

by the Securities and Exchange Commission.]N [In that suit, the SEC accused 

Mr. Antar of engaging in a "massive financial fraud" to overstate the earnings of 

Crazy Eddie, Edison, N.J., over a three-year period…]S – Elaboration-general-

specific (wsj_File4: 77-78/79-89) 
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(meronymy + subject NP) 

Definition: A set of objects or entities is introduced in the first (also nucleus) 

span, and a member object or entity from that set is mentioned in the satellite 

span, and used as (i) the head of the subject NP of the sentence the satellite 

span starts with, or (ii) the head of the subject NP of the sentence the 

embedded sub-nucleus span inside the satellite span starts with. E.g.,  

(147) [Some lagging competitors even may leave the personal computer business 

altogether.]S [Wyse Technology, for instance, is considered a candidate to sell 

its troubled operation…]S – Example (wsj_2365: 96/97-108) 

(148) [Total sales gained 20% to 122.36 billion yen from 102.01 billion yen.]N 

[Exports made up 46.2% of the latest year's total, up from 39.8% a year ago…]S 

– Elaboration-set-member (wsj_657: 17/18-20) 

(general word + subject NP) 

Definition: A general word (e.g., thing, matter and issue), referring to an 

object, entity, fact or proposition in the first or nucleus span is used as (i) the 

head of the subject NP of the sentence the satellite span starts with, or (ii) the 

head of the subject NP of the sentence the embedded sub-nucleus span inside 

the satellite span starts with. E.g.,  

(149) [Some of the associations have recommended Dr. Alan D. Lourie, 54, a former 

patent agent with a doctorate in organic chemistry who now is associate general 

counsel with SmithKline Beckman Corp. in Philadelphia. Dr. Lourie says the 

Justice Department interviewed him last July.]N 

[Their effort has received a lukewarm response from the Justice Department...]S 

– Elaboration-additional (wsj_601: 33-36/37-75) 

(150) [Eastman Kodak Co., seeking to position itself in the potentially huge high-

definition television market, unveiled a converter that can transform 

conventional motion-picture film into high-definition video.]N 
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[The move also helps the Rochester, N.Y., photographic giant ensure that its 

motion-picture film business… isn't made obsolete by the upstart HDTV 

business…]S – Elaboration-additional (wsj_1386: 1-4/5-13) 

(lexical + syntactic) features 

(indicative word + present participial clause) 

Definition: The second span which is a present participial clause is preceded 

by an indicative word (e.g., by, in). E.g.,  

(151) [House leaders had hoped to follow the Senate's lead]N [by getting an agreement 

from House committee chairmen...]S – Means (wsj_1963: 5/6-9) 

(152) [In announcing the plant delay,]S [Kellogg Chairman William E. LaMothe said, 

"Cereal volume growth in the U.S. has not met our expectations for 1989."] – 

Circumstance (wsj_610: 46/47-48) 

(syntactic + semantic) features 

(parallel syntactic construction + lexical chain) 

Definition: The spans (clausal segments) or part of the spans (phrasal 

segments) are parallel to each other in syntactic construction. The syntactic 

parallelism is also strengthened by the occurrence of lexical items present in a 

lexical chain between the spans. E.g.,  

(153) [Imports rose 11% to 18.443 trillion lire in September from a year earlier,]N 

[while exports rose 17% to 16.436 trillion lire.]N – Comparison (wsj_615: 

11/12) 

(154) ["Aerospace orders are very good," Mr. Cole says.]N ["And export business is 

still good.]N – List (wsj_628: 18-19/20) 
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(syntactic + positional) features 

(present participial clause + beginning) 

Definition: The satellite span which is a present participial clause is used in 

the beginning of the sentence containing both spans. E.g.,  

(155) [Seeing all those millions in action,]S [I was just so relieved that Ms. Gruberova, 

gawky thing that she is, didn't accidentally smother herself in a drape.]N – 

Circumstance (wsj_1154: 42/43-46) 

(156) [Commenting on the results for the quarter,]S [Mr. Treybig said the strength of 

the company's domestic business came as "a surprise" to him,]N – Circumstance 

(wsj_2396: 16/17-18) 

(past participial clause + beginning) 

Definition: The satellite span which is a past participial clause is used in the 

beginning of the sentence containing both spans. E.g.,  

(157) [Led by its oat-based Cheerios line,]S [General Mills has gained an estimated 

2% share so far this year, mostly at the expense of Kellogg.] – Circumstance 

(wsj_610: 16/17) 

(158) [Cast as Violetta Valery in a new production of Verdi's "La Traviata,"]S [Ms. 

Gruberova last week did many things nicely and others not so well.]N – 

Elaboration-additional (wsj_1154: 7/8) 

(graphical + syntactic) features 

(comma + present participial clause) 

Definition: The first span (usually the nucleus) is respectively followed by a 

comma and a present participial clause which is the second span (usually the 

satellite). E.g.,  
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(159) [Exxon Corp. filed suit against the state of Alaska,]N [charging state officials 

interfered with the oil company's initial efforts to treat last spring's giant oil 

spill.]S – Manner (wsj_1347: 1/2-4) 

(160) [John J. Crabb sold 4,500 shares for $11.13 each,]N [leaving himself with a 

stake of 500 shares.]S – Elaboration-additional (wsj_1157: 82/83) 

(comma + past participial clause) 

Definition: The first span (usually the nucleus) is respectively followed by a 

comma and a past participial clause which is the second span (usually the 

satellite). E.g.,  

(161) [Only a few months ago, the 124-year-old securities firm seemed to be on the 

verge of a meltdown,]N [racked by internal squabbles and defections.]S – 

Elaboration-additional (wsj_604: 2/3) 

(162) [The dollar finished softer yesterday,]N [tilted lower by continued concern about 

the stock market.]S – Circumstance (wsj_1931: 1/2) 

Unsure 

Unsure refers to those cases in which no potential signals were found or were 

specified. E.g.,  

(163) [This hasn't been Kellogg Co.'s year.]S [The oat-bran craze has cost the world's 

largest cereal maker market share.]N – Cause (wsj_610: 1/2) 

(164) [All that now has changed.]N ["We're ahead for the year because of Friday," 

said the firm's Kurt Feshbach. "We're not making a killing, but we had a good 

day."]S – Explanation-argumentative (wsj_2381: 125/126-130) 

(165) [Ed Shea and Barbara Orson never find a real reason for their love affair as the 

foolish, idealistic young Vass and the tirelessly humanitarian doctor Maria 

Lvovna.]N [Cynthia Strickland as the long-suffering Varvara is a tiresome 

whiner, not the inspirational counterrevolutionary Gorky intended.]N – List 

(wsj_1163: 95/96-97) 
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(166) ["This is a democratic process]N [-- you can't slam-dunk anything around 

here."]N – Consequence (wsj_1963: 33/34) 
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Appendix C.  

 

List of Discourse Markers 

In our corpus analysis, we have identified 201 different DMs, as shown in Table 

24. 

Table 24: List of discourse markers 

# Discourse Marker # Discourse Marker # Discourse Marker 

1 Accordingly  68 Either/or  135 Most importantly 

2 Additionally  69 Elsewhere  136 Most of all though 

3 Admittedly  70 Essentially  137 Naturally  

4 After  71 Even after 138 Nevertheless  

5 After all 72 Even as 139 Nonetheless  

6 After that 73 Even before 140 Nor 

7 Afterwards  74 Even before then 141 Normally  

8 All of a sudden 75 Even if 142 Not only/but 

9 Along the way 76 Even now 143 Now  

10 Already  77 Even so 144 Obviously  

11 Also  78 Even though 145 Oddly  

12 Alternatively  79 Even when 146 Of course 

13 Although  80 Even while 147 On the contrary 

14 And  81 Even with 148 On the other hand 

15 And after 82 Even without 149 Once  

16 And as a result 83 Eventually  150 Only if 

17 And especially 84 Everytime   151 Only when 

18 And even then 85 Evidently  152 Operationally  

19 And for now 86 Except  153 Or  

20 And for that reason 87 Except that 154 Otherwise  

21 And now 88 Except when 155 Overall  

22 And simultaneously 89 Finally  156 Particularly  

23 And since then 90 For  157 Particularly as 

24 And so 91 For example 158 Predictably  

25 And still 92 For instance 159 Previously  

26 And subsequently 93 For now 160 Quite the contrary 

27 And then 94 For one 161 Rather  

28 And thereby 95 For one thing 162 Rather than 

29 And therefore 96 Fortunately  163 Recently  

30 And thus 97 Further  164 Regardless  

31 And unfortunately 98 Furthermore  165 Right now 

32 And yet 99 Generally  166 Rightly or wrongly 

33 Anyway  100 Given  167 Sadly  

34 As  101 Given that 168 Separately  

35 As a result 102 Hence  169 Since  
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36 As a result of 103 However  170 Since then 

37 As far as 104 Ideally  171 So  

38 As if 105 If  172 So far 

39 As long as 106 If/then 173 So that 

40 As soon as 107 Immediately  174 Still  

41 As though 108 In addition 175 Supposedly  

42 Aside from 109 In addition to 176 Then  

43 At least 110 In any case 177 Theoretically  

44 At that point 111 In any event 178 Thereafter  

45 At the same time 112 In case 179 Therefore  

46 At the time 113 In contrast 180 Though  

47 Because  114 In essence 181 Thus  

48 Because of 115 In fact 182 Typically  

49 Before 116 In general 183 Ultimately  

50 Besides 117 In other words 184 Unfortunately  

51 But 118 In particular 185 Unless  

52 But also 119 In response to 186 Until  

53 But at the same time 120 In spite of 187 Until recently 

54 But even 121 In the meantime 188 Until then 

55 But even so 122 In this way 189 Upon  

56 But eventually 123 In turn 190 Whatever  

57 But in the end 124 Increasingly  191 When  

58 But now 125 Indeed 192 When and if 

59 But since then 126 Instead 193 When then 

60 But so far 127 Instead of 194 Whenever  

61 But then 128 Ironically  195 Where  

62 By contrast 129 Irrespective of 196 Whereas  

63 By the way 130 Just when 197 Whereby  

64 Certainly  131 Meanwhile  198 While  

65 Consequently  132 More importantly 199 With  

66 Currently  133 More provocatively 200 Without  

67  Despite 134 Moreover 201 Yet  
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Appendix D.  

 

Distribution of Signals by Relations 

Table 25 represents the distribution of signals for Circumstance relation in the 

RST-DT. As it can be seen from the table, the detailed distribution of signals is highly 

space-consuming (an eight-page long table for a single relation). Accordingly, providing 

the distribution of signals for all relations (78 relations in the corpus) would have resulted 

in providing a long list of numerous tables in this Appendix section. Therefore, we could 

only provide here the distribution of signals for a single relation (Circumstance in this 

case). We would ask the readers to consider the distribution in Table 25 to be a 

representative sample. The detailed distributions of signals for every individual relation 

are provided as supplementary materials on the following URL: 

http://www.sfu.ca/~mtaboada/research/signalling.html. The materials are also available 

through the SFU library (http://www.lib.sfu.ca/). 

Table 25: Distribution of signals with respect to relations 

Relation name: Circumstance 

Signal Percent Frequency 

SIGNAL CLASS N=872 

single 82.80% 722 

combined 8.60% 75 

unsure 8.60% 75 

SINGLE TYPE N=722 

dm 53.50% 386 

reference 0.30% 2 

lexical 18.80% 136 

semantic 0.40% 3 

morphological 16.10% 116 

syntactic 10.50% 76 

graphical 0.40% 3 

genre 0.00% 0 

numerical 0.00% 0 

DM N=384 

and 5.20% 20 

http://www.sfu.ca/~mtaboada/research/signalling.html
http://www.lib.sfu.ca/
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because 1.80% 7 

although 0.00% 0 

despite 0.00% 0 

but 3.10% 12 

with 3.90% 15 

even_if 0.30% 1 

if 1.80% 7 

as_a_result 0.00% 0 

in_addition 0.00% 0 

while 2.10% 8 

otherwise 0.00% 0 

unless 0.00% 0 

as_soon_as 0.30% 1 

so 0.30% 1 

or 0.00% 0 

before 3.60% 14 

after 9.60% 37 

even_though 0.00% 0 

even_while 0.00% 0 

when 28.40% 109 

further 0.00% 0 

also 0.00% 0 

separately 0.00% 0 

additionally 0.00% 0 

however 0.30% 1 

everytime 0.00% 0 

meanwhile 0.00% 0 

at_the_same_time 0.00% 0 

admittedly 0.00% 0 

operationally 0.00% 0 

rather 0.00% 0 

though 0.00% 0 

since 3.40% 13 

without 5.50% 21 

thereafter 0.00% 0 

recently 0.00% 0 

as 16.70% 64 

until 2.30% 9 

currently 0.00% 0 

and_thus 0.00% 0 
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and_before 0.00% 0 

yet 0.00% 0 

nevertheless 0.00% 0 

except_when 0.00% 0 

quite_the_contrary 0.00% 0 

for 0.30% 1 

eventually 0.00% 0 

and_since_then 0.00% 0 

accordingly 0.00% 0 

thus 0.30% 1 

instead 0.00% 0 

particularly_as 0.30% 1 

still 0.30% 1 

but_since_then 0.00% 0 

for_instance 0.00% 0 

moreover 0.00% 0 

but_then 0.00% 0 

and_then 0.00% 0 

then 0.50% 2 

irrespective_of 0.00% 0 

now 1.30% 5 

once 3.90% 15 

indeed 0.00% 0 

so_far 0.00% 0 

in_turn 0.00% 0 

except 0.00% 0 

as_long_as 0.00% 0 

instead_of 0.00% 0 

where 0.00% 0 

at_the_time 0.30% 1 

since_then 0.00% 0 

given 1.30% 5 

as_far_as 0.80% 3 

only_if 0.00% 0 

evidently 0.00% 0 

ideally 0.00% 0 

but_eventually 0.00% 0 

after_that 0.00% 0 

besides 0.00% 0 

in_fact 0.00% 0 
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increasingly 0.00% 0 

for_now 0.00% 0 

in_case 0.00% 0 

and_after 0.00% 0 

and_yet 0.00% 0 

in_addition_to 0.00% 0 

ironically 0.30% 1 

nor 0.00% 0 

generally 0.00% 0 

and_therefore 0.00% 0 

on_the_contrary 0.00% 0 

overall 0.00% 0 

and_now 0.00% 0 

even_when 0.30% 1 

more_importantly 0.00% 0 

on_the_other_hand 0.00% 0 

in_the_event 0.00% 0 

at_least 0.00% 0 

even_now 0.00% 0 

previously 0.00% 0 

until_recently 0.00% 0 

fortunately 0.30% 1 

in_the_meantime 0.00% 0 

sadly 0.00% 0 

after_all 0.00% 0 

by_contrast 0.00% 0 

consequently 0.00% 0 

for_example 0.00% 0 

but_so_far 0.00% 0 

upon 0.00% 0 

alternatively 0.00% 0 

so_that 0.00% 0 

given_that 0.30% 1 

but_also 0.00% 0 

even_after 0.00% 0 

therefore 0.00% 0 

finally 0.00% 0 

rather_than 0.00% 0 

elsewhere 0.00% 0 

essentially 0.00% 0 
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supposedly 0.00% 0 

but_even_so 0.00% 0 

as_though 0.00% 0 

immediately 0.00% 0 

but_even 0.00% 0 

and_still 0.00% 0 

even_without 0.30% 1 

anyway 0.00% 0 

as_a_result_of 0.00% 0 

of_course 0.00% 0 

as_if 0.00% 0 

when_and_if 0.00% 0 

even_so 0.00% 0 

obviously 0.00% 0 

even_before_then 0.00% 0 

nonetheless 0.00% 0 

and_simultaneously 0.00% 0 

except_that 0.00% 0 

ultimately 0.00% 0 

whereas 0.00% 0 

and_thereby 0.00% 0 

unfortunately 0.00% 0 

afterwards 0.00% 0 

whenever 0.00% 0 

and_subsequently 0.00% 0 

most_of_all_though 0.00% 0 

regardless 0.00% 0 

in_response_to 0.30% 1 

according_to 0.00% 0 

in_spite_of 0.00% 0 

when_then 0.00% 0 

but_at_the_same_time 0.00% 0 

at_that_point 0.00% 0 

and_for_that_reason 0.00% 0 

for_one 0.00% 0 

more_provocatively 0.00% 0 

but_now 0.00% 0 

even_as 0.30% 1 

and_so 0.00% 0 

by_the_way 0.00% 0 
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in_contrast 0.00% 0 

aside_from 0.00% 0 

and_especially 0.00% 0 

even_before 0.00% 0 

whatever 0.00% 0 

in_general 0.00% 0 

and_unfortunately 0.00% 0 

in_other_words 0.00% 0 

but_in_the_end 0.00% 0 

only_when 0.00% 0 

but_because 0.00% 0 

even_with 0.30% 1 

just_when 0.00% 0 

and_even_then 0.00% 0 

until_then 0.30% 1 

furthermore 0.00% 0 

and_for_now 0.00% 0 

because_of 0.00% 0 

particularly 0.00% 0 

whereby 0.00% 0 

in_this_way 0.00% 0 

naturally 0.00% 0 

already 0.00% 0 

right_now 0.00% 0 

certainly 0.00% 0 

rightly_or_wrongly 0.00% 0 

for_one_thing 0.00% 0 

normally 0.00% 0 

all_of_a_sudden 0.00% 0 

along_the_way 0.00% 0 

theoretically 0.00% 0 

most_importantly 0.00% 0 

predictably 0.00% 0 

in_any_case 0.00% 0 

in_any_event 0.00% 0 

in_essence 0.00% 0 

oddly 0.00% 0 

and_as_a_result 0.00% 0 

hence 0.00% 0 

if/then 0.00% 0 
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either/or 0.00% 0 

not_only/but 0.00% 0 

typically 0.00% 0 

in_particular 0.00% 0 

REFERENCE N=2 

personal_reference 0.00% 0 

comparative_reference 100.00% 2 

demonstrative_reference 0.00% 0 

propositional_reference 0.00% 0 

LEXICAL N=136 

alternative_expression 4.40% 6 

indicative_word 95.60% 130 

SEMANTIC N=3 

synonymy 0.00% 0 

antonymy 0.00% 0 

meronymy 0.00% 0 

repetition 0.00% 0 

indicative_word_pair 33.30% 1 

lexical_chain 66.70% 2 

general_word 0.00% 0 

MORPHOLOGICAL N=115 

tense 100.00% 115 

SYNTACTIC N=76 

relative_clause 42.10% 32 

infinitival_clause 0.00% 0 

present_participial_clause 52.60% 40 

interrupted_matrix_clause 0.00% 0 

parallel_syntactic_constructions 0.00% 0 

reported_speech 0.00% 0 

modal_verb 0.00% 0 

subject-aux-inversion 0.00% 0 

nominal_modifier 0.00% 0 

question_answer_pair 0.00% 0 

past_participial_clause 5.30% 4 

adj_modifier 0.00% 0 

imperative_clause 0.00% 0 

GRAPHICAL N=3 

colon 0.00% 0 

semi-colon 0.00% 0 

dash 66.70% 2 
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parentheses 33.30% 1 

parallel_strings 0.00% 0 

items_in_sequence 0.00% 0 

GENRE N=0 

inverted_pyramid_scheme 0.00% 0 

newspaper_style_attribution 0.00% 0 

newspaper_style_contrast 0.00% 0 

newspaper_style_elaboration 0.00% 0 

newspaper_layout 0.00% 0 

newspaper_style_definition 0.00% 0 

NUMERICAL N=0 

same_count 0.00% 0 

COMBINED TYPE N=75 

(reference+syntactic) 0.00% 0 

(semantic+syntactic) 0.00% 0 

(lexical+syntactic) 18.70% 14 

(syntactic+semantic) 0.00% 0 

(syntactic+positional) 65.30% 49 

(graphical+syntactic) 16.00% 12 

(REFERENCE+SYNTACTIC) N=0 

(personal_reference+subject_np) 0.00% 0 

(demonstrative_reference+subject_np) 0.00% 0 

(comparative_reference+subject_np) 0.00% 0 

(propositional_reference+subject_np) 0.00% 0 

(SEMANTIC+SYNTACTIC) N=0 

(repetition+subject_np) 0.00% 0 

(synonymy+subject_np) 0.00% 0 

(lexical_chain+subject_np) 0.00% 0 

(meronymy+subject_np) 0.00% 0 

(general_word+subject_np) 0.00% 0 

(LEXICAL+SYNTACTIC) N=14 

(indicative_word+participial_clause) 100.00% 14 

(SYNTACTIC+SEMANTIC) N=0 

(parallel_syntactic_constructions+lexical_chain) 0.00% 0 

(SYNTACTIC+POSITIONAL) N=49 

(present_participial_clause+beginning) 57.10% 28 

(past_participial_clause+beginning) 42.90% 21 

(GRAPHICAL+SYNTACTIC) N=12 

(comma+present_participial_clause) 75.00% 9 
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(comma+past_participial_clause) 25.00% 3 
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Appendix E.  

 

Distribution of Relations by Discourse Markers 

Table 26 represents the distribution of relations for the DM but. As there is a large 

number of DMs identified in the signalling annotation of the RST-DT (201 different 

DMs, as shown in Appendix C), we could only provide here the distribution of relations 

for a single DM (but in this case). We would ask the readers to consider the distribution 

in Table 26 to be a representative sample. The detailed distributions of relations for every 

individual DM are provided as supplementary materials on the following URL: 

http://www.sfu.ca/~mtaboada/research/signalling.html. The materials are also available 

through the SFU library (http://www.lib.sfu.ca/). 

Table 26: Distribution of relations with respect to discourse markers 

Signal class: single 

Signal type: DM 

Specific signal: but 

Relation name Frequency Percentage 

Contrast 186 30.24% 

antithesis 182 29.59% 

concession 100 16.26% 

elaboration-additional 48 7.80% 

List 19 3.09% 

circumstance 12 1.95% 

Comparison 9 1.46% 

explanation-argumentative 8 1.30% 

background 7 1.14% 

interpretation-s 6 0.98% 

result 3 0.49% 

consequence-n 3 0.49% 

comment 2 0.33% 

Problem-Solution 2 0.33% 

evaluation-s 2 0.33% 

comparison 2 0.33% 

consequence-s 2 0.33% 

Sequence 2 0.33% 

problem-solution-n 1 0.16% 

http://www.sfu.ca/~mtaboada/research/signalling.html
http://www.lib.sfu.ca/
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summary-s 1 0.16% 

enablement 1 0.16% 

evidence 1 0.16% 

Topic-Drift 1 0.16% 

topic-shift 1 0.16% 

elaboration-object-attribute-e 1 0.16% 

Reason 1 0.16% 

hypothetical 1 0.16% 

Disjunction 1 0.16% 

Cause-Result 1 0.16% 

temporal-before 1 0.16% 

preference 1 0.16% 

contingency 1 0.16% 

condition 1 0.16% 

means 1 0.16% 

elaboration-general-specific 1 0.16% 

rhetorical-question 1 0.16% 

Statement-Response 1 0.16% 

otherwise 1 0.16% 

Total 615 100% 
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Appendix F.  

 

Distribution of Relations by Other Signals 

Table 27 represents the distribution of relations for the signal comparative 

reference. As there is a large number of other signals identified in the signalling 

annotation of the RST-DT (14 types of other signals comprising over 50 specific signals, 

as shown in Table 4), we could only provide here the distribution of relations for a single 

signal (comparative reference in this case). We would ask the readers to consider the 

distribution in Table 27 to be a representative sample. The detailed distributions of 

relations for every other signal are provided as supplementary materials on the following 

URL: http://www.sfu.ca/~mtaboada/research/signalling.html. The materials are also 

available through the SFU library (http://www.lib.sfu.ca/). 

Table 27: Distribution of relations with respect to other signals 

Signal class: single 

Signal type: reference 

Specific cignal: comparative reference 

Relation name Frequency Percentage 

elaboration-additional 48 26.37% 

comparison 39 21.43% 

List 31 17.03% 

Comparison 23 12.64% 

Contrast 10 5.49% 

consequence-s 9 4.95% 

consequence-n 5 2.75% 

comparison-e 3 1.65% 

reason 3 1.65% 

elaboration-general-specific 2 1.10% 

antithesis 2 1.10% 

circumstance 2 1.10% 

preference 1 0.55% 

Proportion 1 0.55% 

result 1 0.55% 

Consequence 1 0.55% 

Otherwise 1 0.55% 

http://www.sfu.ca/~mtaboada/research/signalling.html
http://www.lib.sfu.ca/
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Appendix G.  

 

Supplementary Material 

Description 

The complete distribution of the relations and their signals in the annotated corpus 

is provided in the supplementary material. 

Filename 

DebopamDas_thesis_supplementarymaterial.zip 
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