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ABSTRACT 

Over the years, scientific articles have played a vital role in disseminating scientific knowledge. 

Typically, the published scientific information builds upon the previous or existing scientific 

knowledge and citations play a key role in presenting the argument of the article and defining 

inter-article relationships across articles. Understanding the use of citations within articles and 

citation relationships across articles is essential for conducting good research. However, the 

search and browsing capabilities to trace these relationships are currently limited to finding 

documents citing a given document and providing links to citing documents, and do not provide 

insights about the reasons for citations either within an article or across articles. Development of 

information systems capable of identifying these reasons can be helpful in providing useful 

services for the research community. 

Against this background, we investigate in this thesis the possibility of identifying contexts 

associated with sentences in scientific articles and use this information to provide useful citation 

context based information services. To achieve this objective, we developed an annotation 

scheme that defines context types for sentences in scientific articles. An inter-rater reliability 

study was carried out to examine the reliability of our scheme. We achieved an overall 

agreement of 89.93% among annotators, indicating the acceptability of our scheme. In order to 

develop a contextual model of sentence context types in scientific article, we developed the 

Sentence Context Ontology for generating semantic contextual data that was used for developing 

applications that provide contextual information services. We also developed a text extraction 

and preparation system for processing scientific documents. 

Another key aspect of citation context based information services is the ability to automatically 

identify contexts of sentences. We achieved this by using Conditional Random Fields (CRFs), a 

sequential probabilistic classifier. We trained the CRF classifier using a training dataset of 1000 

paragraphs extracted from 71 research articles and achieved an accuracy of 91% in classifying 

the sentences according to our proposed scheme.  

Finally, using the results obtained from the tasks described above, we developed various 

applications for providing citation context based information services. These included a 

standalone system and applications using linked data principles and Web APIs.  
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Chapter 1 Introduction 

 

 

Over the years, scientific articles have played an important role in disseminating scientific 

knowledge. Typically, the published scientific information builds upon the previous or existing 

scientific knowledge and citations play a key role in defining these inter-article relationships. 

One of the requirements for conducting effective research is a good understanding of these inter-

article relationships. Beside other uses, this information helps researchers to avoid duplication of 

research work and aids them to position their research in relation to previous research. Several 

areas of citation-related study such as citation analysis (Smith 1981), citation context analysis 

and citation content analysis (Small 1982) have been conducted to understand these 

relationships. In spite of extensive research in these areas, the search and browsing capabilities 

offered by scientific publication databases to trace these relationships are still mostly limited to 

finding documents citing a given document and providing links to the citing document. In 

particular, these services do not help in identifying the reasons for citations either in a given 

article or across articles.  

As Buckingham Shum et al. (2007) point out, present day information systems, particularly with 

respect to querying research documents, fail to answer some of the basic questions of critical 

inquiry such as finding which documents either support or challenge a given document or tracing 

the intellectual lineage for ideas. In order to answer these questions, it would be useful to 

develop information systems capable of identifying reasons for citations and exploiting these 

citation contexts, both within and across articles. Though there have been efforts from research 

prototype search engines such as CiteSeer1 and Microsoft Academic Search2 to provide citation 

context based information services, these services focus on extracting the passage in which 

citations occur and do not provide any information about the reasons for citations. An 

information system capable of identifying reasons for citations can facilitate provision of 

valuable services to the research community. 

                                                 
1
 http://citeseerx.ist.psu.edu/index 

2
 http://academic.research.microsoft.com/ 
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For example, consider a beginner researcher who wants to learn more about an influential paper 

that has been cited by several other papers over a period of time. In order to understand its 

influence, he or she has to read each of the citing articles to learn the context of the citation. This 

could become laborious if the paper has a large number of citations. An information system 

capable of identifying reasons for citations can automatically learn the citation contexts across 

articles, which can be presented to the user as a classification of citing articles based on citation 

contexts. This can be a useful service in this scenario.  

The ability to identify reasons for citations in scientific articles can be used to provide other 

useful services. For example, information about the use of citations in the article can help users 

to gain a better understanding of the article. Another significant use of citations in scientific 

articles is to develop the argument in the paper and persuade the reader about the findings 

presented in the paper (Gilbert 1977). The ability to identify reasons for citations can facilitate 

tracing the argument presented in the paper and can also help to sketch argument patterns across 

articles. Furthermore, these systems can be used to trace intellectual lineage for research ideas by 

mapping keywords extracted from citation sentences across articles. 

However, difficulties in identifying the reasons for citations arise due to several factors. The 

relatively unstructured format of research content presents challenges in extracting structured 

content, and the complexities involved in handling the distinct characteristics of language and 

thought implicit in the research content creates difficulties in identifying the meaning or context 

of sentences. Another significant challenge is the form in which research content is available in 

the online environment. Research articles are usually published as PDF documents on the Web, 

which can be difficult to extract reusable content from, particularly in a dynamic fashion at 

runtime. The formatting and style of research articles forms another barrier to providing 

contextual services. It is necessary to handle different formatting styles of research articles. 

Added to all these, the dramatic increase in research output in recent times (Gaillard 2008; 

Research4Life 2009) has further exacerbated the problem. 

In such a scenario, an increasing need is felt for intelligent tools capable of providing insightful 

services that offer value beyond just information about the number of citing documents, links to 

citing documents, and quantitative measures such as impact factors and citation counts. Against 
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this background, this study is designed to develop intelligent information tools for the research 

community using the contexts associated with citation sentences in scientific articles. 

1.1 Research Objectives and Methodology 

 The overall goal of this study is to develop techniques to identify contexts associated with 

sentences in scientific articles and to demonstrate how this information can be used to develop 

applications that provide intelligent services for the research community, with a particular focus 

on citations. In order to achieve this goal, we identified several objectives for the study that led 

to our final goal of developing applications that offer citation context based information services. 

The objectives of our study can be visualized as individual steps taken towards achieving this 

goal, as shown in Figure 1-1. We describe each of these in the following section and summarize 

the work we carried out to fulfill these objectives. 
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Objective 1 – Identify or Develop an Annotation Scheme of Context Types for Sentences 

The task of developing applications for providing citation context based information services 

requires an annotation scheme that provides different context types for sentences in scientific 

articles. Thus, our initial objective was to identify a suitable annotation scheme that can be used 

for developing such applications. Therefore, we studied existing annotation schemes and 

examined their usefulness for achieving our objective. As we did not find a suitable annotation 

scheme, we developed our own annotation scheme that defines various context type definitions 

for sentences in scientific articles, and we used the scheme to develop the applications to provide 

citation context based information services. We define in this study ‘citation context’ as a 

specific reason for using citations in scientific writing. A citation is a reference to a document 

(such as journal article or conference proceedings) used for supporting the content presented in a 

research paper. Citations can appear in different types of documents such as scientific articles, 

technical reports and sometimes even in newspaper write-ups. However, we limit our focus in 

this study to the use of citations only in scientific articles, published in conference proceedings 

and journals. The reasons for using citations in scientific articles are modeled as a hierarchy of a 

set of context type definitions identified for citation sentences.  Each citation sentence containing 

a single citation or multiple citations is identified with a single context type, which forms its 

citation context. For instance, in the example citation sentence shown below, the reason for using 

citations is to show the gaps of the cited works. 

 

 

Further, the citation context of a citation may not be evident from the citation sentence alone and 

may depend on its surrounding sentences, which necessitates the need for identifying the context 

types of surrounding sentences. For example, consider the passage from a research article shown 

below, Though the author refers to the cited work in sentence 1 and further describes it in 

sentences 2 and 3, it is only in sentence 4 that the author identifies gaps in the cited work (in this 

case it is referring to other works including the work referred to by [1]). Thus, in order to 

understand the citation context of the citation in sentence 1, we need to identify the context types  

While several approaches consider trustworthiness of potential sources of data (example [1,2,3]), little 

has been done considering the actual data itself. 

Source:Hartig, O (2010) – Appendix 5-3  
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of surrounding non-citation sentences. Therefore, we defined a set of context type definitions for 

sentences without citations that surround citation sentences. 

 

 

 

 

Thus, the process discussed above resulted in creating an annotation scheme of context type 

definitions for sentences in scientific articles, which was evaluated using an inter-rater reliability 

study.  

Objective 2 – Develop Sentence Context Ontology 

In recent times, ontologies have become an essential part of web applications. They facilitate 

modelling domains and creating machine understandable data, resulting in creating higher value 

for the data in comparison to traditional data models. Ontologies also facilitate development of 

applications with reasoning capabilities. Currently, though there are ontologies such as the 

Bibliographic ontology (Bibo) for modelling bibliographic data and the Citations Typing 

ontology (CiTO) for modelling citation relations (to some extent), there are no ontologies for 

modelling contexts of sentences in scientific articles. Thus, we developed an ontology for 

modelling sentence contexts in scientific articles that can be used as a representational model for 

generating semantic data from information extracted from scientific articles. The semantic data 

was used to develop Semantic Web applications that provide citation context based information 

services.  

Objective 3 – Develop Text Extraction and Preparation System 

Another significant aspect of scientific content based applications is the identification and 

extraction of required text from research articles. Therefore, we needed to develop an appropriate 

information extraction and preparation system using Natural Language Processing (NLP) 

techniques to obtain sentence-level data from research documents.  

Razak et al. have studied the effect of MAC interactions on single chains under saturated UDP traffic [1]. 

They develop a systematic methodology for determining the types of interaction that are possible in chains 

of 3 and 4 hops and the study the effect of these interactions on chain performance. They further extend 

their work to analyze chains of n hops. These studies do not consider the effect of TCP traffic on chain 

performance. TCP introduces several factors like bi-directional traffic, congestion control, round trip 

time estimations for timeout prediction etc. that are affected by interference interactions within a chain.As 

we will show in this paper, the types of interactions within chain have a substantial effect on the 

performance of a network under TCP traffic. 

Source: Majeed et al. (2009) – Appendix 5-3  
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Objective 4 – Carry out Supervised Learning Experiments for Automatic Context Type 

Identification 

Automatic context identification is another crucial aspect of applications that provide citation 

context based information services. This assumes significance due to the need to process large 

volumes of text in such applications. In order to achieve this objective, we used supervised 

learning experiments, particularly sequential classification models for classifying sentences in 

scientific articles. 

Objective 5 – Develop applications to provide citation context based services 

As mentioned above the overall goal of this study is to develop applications to provide citation 

context based services by using techniques resulting from the objectives defined above. 

Accordingly, we developed various applications to provide such services. These included a 

standalone system and applications developed using linked data principles and Web APIs. 

1.2 Contributions 

This study produced the following contributions: 

 We have developed an annotation scheme for sentences in scientific articles in the 

domain of computer science. We carried out an inter-rater reliability study to establish the 

reliability of the context types defined in our study. The study resulted in achieving an 

overall agreement of 89.93% among annotators, indicating that the labels of the 

annotation scheme could be reliably applied to sentences in scientific articles. 

 We have developed a sentence context ontology for modelling the contexts of sentences 

in scientific articles. We used this ontology to generate citation-related semantic data and 

demonstrated its usefulness by developing applications that used this data. 

 We have developed a classifier model using Conditional Random Fields (CRFs), a 

sequential conditional probabilistic model, to automatically classify sentences in 

scientific articles according to our annotation scheme. The classifier model was 

developed by manually analyzing sentences in 1000 paragraphs with citations obtained 

from 70 articles chosen as our dataset. 
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 We have developed various applications such as a standalone system and applications 

developed using linked data principles and Web APIs such as the SpringerOpen API, the 

Sciverse Content API and the Scopus API, in order to demonstrate the possibility of 

providing citation context based information services. 

1.2.1 Publications 

Papers describing different aspects of this research have been published or accepted for 

publication in the following peer-reviewed journals and conference proceedings: 

Journals 

Angrosh, M.A., Stephen Cranefield and Nigel Stanger. Context Identification of Sentences in 

Research Articles: Towards developing intelligent tools for the research community. 

Journal of Natural Language Engineering. (accepted for publication, May 2012).          

A-rated journal (Australian Research Council, ERA 2010 ranked journal list – 

www.arc.gov.au) 

Angrosh, M.A., Stephen Cranefield and Nigel Stanger. Contextual Information Retrieval in 

Research Articles: Semantic publishing tools for the research community. Semantic Web 

Journal (accepted for publication, March 2012). Acceptance rate 13%. 

Conference Proceedings 

Angrosh, M.A., Stephen Cranefield and Nigel Stanger. Conditional Random Field based 

Sentence Context Identification: Enhancing Citation Services for the Research 

Commnity. Proceedings of 2013 Australasian Web Conference (AWC 2013), Adelaide, 

Australia, January 29 – February 1, 2013. 

Angrosh, M.A., Stephen Cranefield and Nigel Stanger. A Citation Centric Annotation 

Scheme for Scientific Articles. Proceedings of the Australasian Language Technology 

Workshop 2012 (Alta Worksop 2012), Dunedin, New Zealand, December 4 – 6, 2012. 

Angrosh, M.A., Stephen Cranefield and Nigel Stanger. Contextual Information Extraction in 

Research Articles: A case of developing contextual RDF data for ESWC papers. 

Proceedings of the 7
th

 International Conference on Semantic Systems, I-Semantics 2011, 
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ACM, New York (also one of the finalists for the Triplification challenge).  Acceptance 

Rate 28%.  URI: http://dl.acm.org/citation.cfm?id=2063557 

Angrosh, M.A., Stephen Cranefield and Nigel Stanger. Ontology-based Modelling of Related 

Work Sections in Research Articles: Using CRFs for developing Semantic Data based 

Information Retrieval Systems. Proceedings of the 6
th

 International Conference on 

Semantic Systems, I-Semantics 2010, ACM, New York.  Acceptance Rate 28%.  

      URI: http://dl.acm.org/citation.cfm?id=1839725 

Angrosh, M.A., Stephen Cranefield and Nigel Stanger. Context Identification of Sentences in 

Related Work Sections using a Conditional Random Field: Towards Intelligent Digital 

Libraries. Proceedings of the 10
th

 ACM/IEEE Joint Conference on Digital Libraries, 

JCDL 2010, ACM, New York. Acceptance Rate 29%.  

      URI: http://dl.acm.org/citation.cfm?id=1816168 

Doctoral Consortium 

Angrosh, M.A. Modelling Argumentation Structures in Scientific Discourse through Context 

Identification: Towards Intelligent Information Retrieval Systems. Bulletin of IEEE 

Technical Committee on Digital Libraries. 6(2), 2010. (Paper presented at ACM/IEEE 

Joint Conference on Digital Libraries, JCDL 2010 Doctoral Consortium) 

      URI: http://www.ieee-tcdl.org/Bulletin/v6n2/Angrosh/angrosh.html 

1.3 Thesis Structure 

The remainder of this thesis is structured as follows. In Chapter 2 we review related studies for 

providing citation context based information services. We classify the related studies into three 

areas: (a) state of the art in citation context based services; (b) the annotation of scientific 

documents and (c) modelling of scientific documents and discuss the rationale of this study. In 

Chapter 4, we present our annotation schemes for sentences in scientific articles. During this 

study, we initially focused on sentences in related work sections of scientific articles. After 

successfully achieving the desired results, we extended the experiments to consider all citations 

in the article and therefore experimented with paragraphs that had citation sentences. This 

resulted in developing two annotation schemes: (a) focusing on sentences in the related work 
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section and (b) focusing on all citation sentences in the full article. We also present the results of 

the inter-rater reliability study carried out to measure how reliably our annotation scheme can be 

interpreted by different annotators.  

In Chapter 5, we present the sentence context ontology developed to model contexts of sentences 

in scientific articles. Chapter 6 provides details of the information extraction and preparation 

used in our study to obtain structured content from unstructured scientific articles. In Chapter 7, 

we present the details of supervised learning experiments carried out to achieve the task of 

automatic context identification. In Chapter 8, we present various applications developed during 

this study to provide citation context based information services. Finally, in Chapter 9, we 

conclude this thesis by discussing the outcomes of this work and providing pointers to future 

work resulting from this study. 
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Chapter 2 Related Work 

 

 

2.1 Introduction 

As we mentioned in Chapter 1, the key objective of this study is to identify contexts associated 

with sentences and use this information for designing citation context based information 

services. We review in this chapter the related studies in this direction. These studies can be 

categorized into three key areas – (a) state of the art of citation context based information 

services; (b) annotation schemes and classification technique for sentences; and (c) 

representation models for scientific articles, as shown in Figure 2-1. 

State of the art of citation context based information services – we begin Section 2.2 with a 

review of currently available citation-based services through various information providers. We 

see that most of these services provide citation-related statistics such as the number of citing 

articles, impact factor and links to citing sources. However, we observe that none of these 

services are designed around contexts associated with citation sentences. Though CiteSeerX3 and 

Microsoft Academic Search 4  have focused on offering citation context based services, it is 

currently limited to presenting to the user only the textual passages of the article in which the 

citation appears. Further, we found that this service was inactive at the time of writing this thesis. 

Information services designed using contexts of citation sentences can facilitate provision of 

more meaningful citation services.  

For example, one of the popular types of citation-related services currently available is to 

provide information about the number of articles citing a given article. However, this type of 

service does not take into account the context of citations and could work to the advantage of the 

cited author in instances where the source article is cited for negative reasons. This is especially 

problematic for articles with a large number of citations. In such cases, it is difficult to examine 

all the citing articles to learn the contexts of the citations. The availability of contextual 

                                                 
3 http://citeseerx.ist.psu.edu/index 

4 http://academic.research.microsoft.com/ 
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knowledge about citations can help in resolving these problems. For example, this can help in 

deriving better citation statistics by taking into account the context of a citation and the citing 

articles can be categorized using contexts to provide easier browsing and reading of citing 

articles.  

Thus, identifying contexts associated with citations can result in providing added value to online 

scientific article databases. We review in Section 2.2, the citation related information services 

currently provided by such information providers. We identify in Section 2.2.9 that none of these 

services use contextual information for providing information about citations and accordingly 

identify the key requirements of such systems in Section 2.3, which includes an annotation 

scheme, classification technique and representation models for sentences in research articles. 

Significant work has already been carried out in these areas and therefore in order to study the 

usefulness of the existing techniques for our study, we review in this Chapter various studies in 

these areas. The outline of the literature review is visually shown in Figure 2-1. 
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Annotation Schemes for Scientific Documents – As mentioned above, we identified an 

annotation scheme describing contexts of sentences as an important aspect of citation context 

based applications. Therefore, we review in Section 2.4 previous studies that have focused on 

annotation of scientific documents. We group these studies into the following three categories 

based on their focus – (a) studies focusing on the full text of articles; (b) studies focusing only on 

citation sentences in the article; and (c) studies focusing only on abstracts of articles. After 

describing various studies in these areas, we evaluate in Section 2.4.4 the suitability of these 

schemes for our purposes.  

Classification Techniques for Sentences in Scientific Articles – In section 2.5, we describe 

studies in the field of automatic classification of sentences in scientific articles. We distinguish 

between studies that have focused on all sentences in the article and those that have considered 

only citation sentences and abstracts in scientific articles. We also describe studies in the area of 

sentiment analysis and opinion mining that have focused on identifying the sentiments associated 

with sentences in scientific articles. We conclude this section by explaining the classification 

technique that was employed in our study. 

Representation Models for Scientific Articles – Another area of relevance to our study is the 

use of representation models for scientific articles. These models such as ontologies facilitate 

creation of semantic data and we propose to use them for modelling contexts of sentences in 

scientific articles and also to create contextual semantic data. Thus, with an objective of 

understanding different representational models, we describe in Section 2.6 currently existing 

models for representing scientific articles and identify the need for developing our own ontology 

for modelling sentence contexts in scientific articles. 

2.2 State of the Art of Citation based Information Services 

Citations form an integral part of academic writing. An academic article is incomplete without 

citations. A citation is an acknowledgement made by a document (as a citing document) to 

another document (as a cited document). Research interests in studying citations increased with 

the publication of the Institute for Scientific Information’s (ISI) Science Citation Index (SCI) in 

1961 (Garfield,  1964). The SCI was published as an ordered list of cited articles, each of which 

was accompanied by a list of citing articles.  The coverage of SCI was international and grew 
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rapidly from 600 journals in 1964 (Garfield, 1972) to 3,700 of the world’s leading scientific and 

technical journals in 20125, which includes the world’s most important scientific and technical 

journals from almost all disciplines. Generally, a citation implies a relationship between a part or 

whole of the cited document and a part or the whole of the citing document (Malin, 1968). This 

field of investigation concerned with the study of these relationships is called ‘citation analysis’, 

a sub discipline of the field of Bibliometrics (Smith, 1981).   

The key focus of citation analysis has been to devise methods of assessment, evaluation and 

ranking of articles and their authors. The study of relationships between scholarly works helps in 

deriving different types of links such as links between authors; scholarly works; journals; fields 

and even countries. The popular metrics used in citation analysis range from a simple citation 

count, which identifies the number of citations received by a document over a period of time, to 

complex techniques such as co-citation coupling and bibliographic coupling, which focus on 

establishing subject similarity between scholarly works.  

The initial development process for the Science Citation Index depended heavily on human 

involvement for preparation and editing of information. The advent of computers facilitated 

automation of this process resulting in developing citation indices of a larger scale with ease and 

accuracy. The ISI Web of Knowledge6 provides citation indexing services from its collection of 

about 23,000 academic and science journals; 23,000,000 patents; and 110,000 conference 

proceedings. The ISI Web of Knowledge was built on the original Science Citation Index 

developed by Eugene Garfield. In recent times, realizing the importance of citation indexing 

services, several information providers have started to provide citation indexing based 

information services. We describe in the following sections tools that provide such services. 

2.2.1 Google Scholar 

Google Scholar7 was launched in November 2004 by Google Inc. as a scholarly information 

discovery and retrieval tool. The collection of Google Scholar consists of full-text journal 

articles, technical reports, preprints, theses, books and other documents including selected web 

                                                 
5 http://thomsonreuters.com/products_services/science/science_products/a-z/science_citation_index/ 

6 http://wokinfo.com/about/whatitis/ 

7 http://scholar.google.co.nz/ 
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pages that are identified as scholarly. Google Scholar provides the following citation related 

services: 

a. Number of citing documents – Provides information about the number of documents 

citing a given document. 

b. Links to citing articles – The service also provides links to the citing documents allowing 

users to navigate to the specified citing article. 

c. Search within citing articles – Search can be performed for specific terms and phrases 

within the citing articles for a given article. 

2.2.2 Google Scholar Citations8 

Recently, Google Inc. has provided a limited release of its Google Scholar Citations service. The 

service uses the user’s identity and affiliation to collect citations for the user’s articles and 

compute citation metrics such as the h-index and i-10 index. The h-index is the largest number n 

for which the author has n publications with at least n citations and the i-10 index is the number 

of publications with at least 10 citations. The tool also facilitates creation of profiles for each 

user based on derived metrics that can be made public. 

2.2.3 PubMed / MEDLINE 

MEDLINE 9  is the major bibliographic database of the United States National Library of 

Medicine (NLM) covering the fields of medicine, nursing, dentistry, veterinary medicine, the 

health care system and the preclinical science. MEDLINE contains citations from the 1950’s to 

present. There are currently over 14 million records in the database. PubMed 10  is the free 

resource, developed and maintained by the National Center for Biotechnology (NCBI) at NLM. 

It provides access to over 21 million citations for biomedical literature from MEDLINE, life 

science journals, online books and relevant websites and links to other NCBI molecular biology 

resources. 

                                                 
8 http://googlescholar.blogspot.co.nz/2011/11/google-scholar-citations-open-to-all.html 

9 http://www.nlm.nih.gov/bsd/pmresources.html 

10 http://www.ncbi.nlm.nih.gov/pubmed/ 
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PubMed allows easy search for specific citation by providing information such as author, journal 

name and the year of publication. The search is performed by the PubMed citation sensor that 

automatically analyzes the search for citation information. PubMed also provides other citation 

search tools such as single citation matcher and batch citation matcher for facilitating advanced 

citation search. The single citation matcher utility allows for specifying individual fields such as 

author, journal, year of publication, volume and issue for performing citation search. On the 

other hand, the batch citation matcher allows users to match their citations with PubMed 

citations using bibliographic information mentioned above. The search results in this case are 

sent to the user by email. 

2.2.4 ScienceDirect11 

ScienceDirect is a full-text scientific database provided by medical and scientific publishing 

company Elsevier. ScienceDirect provides access to more than 2500 peer-reviewed journals and 

more than nine million full-text articles. It catalogues articles from more than 11,000 books. 

ScienceDirect provides various citation related services using Scopus services. The Scopus 

database is explained in the following section. The citation services include the following: 

a. Viewing record in Scopus link – the user is directed to the Scopus webpage for viewing 

the details of the article. 

b. List of citing articles – this provides a list of articles in ScienceDirect that cite the original 

article. 

c. List of citing articles for references in an article – this service provides a list of citing 

articles for references in articles by performing search in Scopus. 

2.2.5 Scopus12 

Scopus is an abstract and citation database of peer-reviewed literature provided by Elsevier. As 

explained earlier, ScienceDirect extensively uses Scopus services for providing citation related 

services for articles published in ScienceDirect. However, Scopus can be used independent of 

ScienceDirect for various citation related services. It offers a unique identifier for authors and 

stores information about authors such as affiliation history; number of published articles; h-index 

                                                 
11 http://www.sciencedirect.com 

12 http://www.scopus.com/home.url 
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score, and provides an indication of the importance of the author in his/her scientific community. 

Further Scopus also provides services for analyzing journals using SCImago Journal Rank (SJR); 

Source Normalized Impact per Paper (SNIP); citations and published documents per year and 

percentage of non-cited papers. 

2.2.6 SpringerLink13 

SpringerLink is a scientific database provided by Springer Science+Business Media, a global 

publishing company, which publishes books, e-books and peer-reviewed journals in science, 

technical and medical (STM) publishing. Currently, the eBook collection on springerlink.com 

has more than 45,000 titles and has access to more than 2,000 journals. Springer expects to 

include more than 7,000 new book titles in STM every year. Interestingly, Springer has not 

focused much on providing citation related services.  

2.2.7 CiteSeerX14 

CiteSeerX is an evolving scientific literature digital library and search engine developed for 

literature in computer and information science. An earlier version of CiteSeerX was CiteSeer, 

which was implemented as a prototype digital library using Autonomous Citation Indexing 

(ACI). ACI is a technique developed by Giles, Bollacker and Lawrence (1998) which 

automatically creates a citation index from literature in electronic format. The key functions of 

ACI are to (a) locate articles; (b) extract citations; (c) identify citations to the same article 

occurring in different formats; and (e) identify the context of citations in the body of articles.  

Recently, CiteSeer has been upgraded with a new architecture and data model called CiteSeerX 

to overcome the scaling problems in handling more document, features and users. Among others, 

the prominent services offered by CiteSeerX include (a) citation statistics; (b) reference linking; 

(c) citation context: (d) awareness and tracking; and (e) displaying documents related to a 

specific article. 

                                                 
13 www.springerlink.com 

14 http://citeseerx.ist.psu.edu/index 
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2.2.8 Microsoft Academic Search (MAS)15 

Microsoft Academic Search is developed by Microsoft Research and is provided as a free 

academic search engine. The search engine covers more than 38 million publications and over 19 

million authors across various disciplines and the academic data is updated weekly. The 

availability of large collection of data has facilitated innovative ways of visualizing and 

exploring academic papers and relations between authors. Among other services, the tool 

provides a citation graph to viewing information about citing papers. With respect to author 

related data, the engine provides services such as co-author graph and co-author path, which 

displays collaboration network of authors and the relation between researchers through co-

authors. 

2.2.9 Citation Based Services – The Missing Component 

As seen above, various information providers have strongly focused on providing citation related 

information services. However, these services are designed around the following common 

themes. 

1. Number of citing documents – provide information about the number of documents citing 

a given document. CiteSeerX goes one step further in this direction to segregate self-

citation counts from other citation counts. One of the problems found with citation counts 

is that it could vary across different databases as the citation indexing is performed on the 

collection of respective databases. 

2. Reference linking – provide links to full-text of other citing articles. 

3. Citation related statistics – provide citation related statistics such as h-index and i-10 

number. 

In addition to these services, CiteSeerX and Microsoft Academic Search (MAS) engines have 

focused on providing citation context based information services. This feature is designed to 

show the context of citations to a given paper, allowing a researcher to quickly and easily see 

other researcher’s view about the given paper. Screenshots of the citation context feature of 

CiteSeer and the citation graph of MAS displaying citation passages are shown in Figures 2-2 

and 2-3 respectively.  

                                                 
15 http://academic.research.microsoft.com/ 
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As seen in Figures 2-2 and 2-3, CiteSeer and MAS identify and extract the paragraphs where the 

citation appears and present it to the user. However these engines do not identify the context or 

meaning of any of the sentences in the paragraph. Further, we noticed that this feature was 

inactive in CiteSeerX at the time of writing this thesis. 

Though these engines provide a useful feature of locating citation passages for a given article 

and eliminate the laborious task of going through each of the citing articles, the reader still has to 

Figure 2-2: Citation Context Service in CiteSeer  
(Source: Giles et al., 1998) 

Figure 2-3: Citation Context Service in MAS  
(Source: http://academic.research.microsoft.com) 
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read each passage to learn the context in which the citation is made. Further, the process would 

become more tedious if an article is cited a large number of times. For example, if an article is 

cited 300 times, then the reader has to read at least 300 passages in order to learn the context in 

which the paper is cited. This number can increase if the paper has several citations within any 

citing articles. An ideal solution in such a situation would be to provide a classification of 

passages based on the reason for citation. For instance, a categorization of all the citing articles 

that have identified gaps would allow readers to focus on these passages and would result in a 

more efficient article browsing interface. 

Thus, it is useful to identify contexts of sentences, which can be employed for providing citation 

context based information services discussed above. Having identified this need, we have 

developed an information system that identifies contexts associated with sentences and designed 

information services using the contextual information. We discuss in the following section the 

requirements for such a system. 

2.3 Requirements of Citation Context based Applications 

The requirements of citation context based applications can be broadly distinguished into the 

following four areas (a) annotation scheme for sentences (b) sentence level information 

extraction (c) sentence classification techniques; and (d) representational models. We explain 

below each of these requirements. 

2.3.1 Annotation Scheme for Sentences  

An annotation scheme which defines different contexts for sentences is necessary for classifying 

sentences in the article. The annotation scheme can also be used in designing information 

services. The application in our study requires a scheme that identifies contexts associated with 

both citation and non-citation sentences. This would facilitate capturing the complete context of 

the citation. For example, in instances where the gaps or shortcomings of a cited work are 

mentioned in the non-citation sentences following a citation sentence, knowledge of the contexts 

of non-citation sentences helps in identifying the proper context of the citation. In order to study 

the possibility of using existing annotation schemes, we review in Section 2.4 currently existing 

schemes. 
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2.3.2 Sentence level Information Extraction 

Appropriate information extraction techniques are necessary for identifying, extracting and 

managing information from research articles. Currently, research articles are usually published as 

PDF documents and therefore a suitable method is required for extracting information at 

sentence level in PDF documents. We have developed an information extraction and 

management system using Natural Language Processing (NLP) techniques such as sentence 

segmentation and keyword identifier for extracting sentences and keywords from PDF 

documents, respectively. We explain in detail, the different components of the information 

preparation system developed in our study in Chapter 6. 

2.3.3 Sentence Classification Techniques 

An automated classification technique is required for classifying sentences according to the 

annotation scheme, due to the large amount of text involved in these applications. Thus, to 

identity a suitable classification technique for our study, we review in Section 2.5 various 

techniques that are currently used for sentence classification. 

2.3.4 Representation Models 

It is also useful to have a representational model of relevant features of scientific articles for 

modelling the extracted content. For example, formal representation models such as ontologies 

have proven to be useful in modelling domains and creation of semantic data. In order to adopt a 

suitable model in our study for representing the extracted scientific content, we review in Section 

2.6 currently existing representational models for scientific articles. 

Thus, the requirements of citation context based applications can be graphically represented as 

shown in Figure 2-4.  
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2.4 Annotation Schemes for Sentences in Scientific Articles 

A number of studies have investigated the task of annotating scientific documents. A scientific 

document primarily comprises text along with other attributes such as tables and diagrams for 

reporting research work and is known by different names such as manuscript, journal article, and 

research article. It can be visualized as a collection of sentences that are appropriately placed in 

relation to each other with a purpose and meaning, intended to be conveyed to the reader. The 

text is presented in a suitable and understandable structure, with sentences grouped as 

paragraphs, which are further placed in relation to each other under sections and sub-sections. 

Theories such as Rhetorical Structural Theory (RST) (Mann and Thompson, 1987), Discourse 

Representation Theory (DRT) (Kamp and Reyle, 1993), Segmented Discourse Representation 

Theory (SDRT) (Asher and Lascarides, 2003) and Discourse Lexicalised Tree Adjoining 

Grammar (Webber et al., 2003) have been proposed for studying the inherent characteristics of 

this structure and and these relations. These theories have focused on identifying the principles 

responsible for textual cohesion. 

Researchers in computer science in general and computational linguistics in particular have 

focused on annotating scientific documents for developing various text applications such as text 

summarization and document classification. These studies aim at identifying the specific 

function or meaning of the sentence. Researchers have distinguished between two types of 

sentences: citation sentences and non-citation sentences. Citation sentences are those that have a 

reference to a published or unpublished source. Specifically, this is an expression in the sentence 

that points to an entry in the bibliographic references section of the article for the purpose of 
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acknowledging the cited work. This expression can either be a numeric expression such as ‘[1]’, 

‘[1, 2]’ etc., or author names used in the sentence to refer to the cited work. Non-citation 

sentences are those that do not have any such expressions. Further some of the studies have 

considered only abstracts for their study. Based on their coverage, these studies can be grouped 

into the following three categories. 

1. Full text of articles 

2. Citation sentences in articles 

3. Abstract in articles 

We describe in the following sections various studies in each of these categories. After 

describing the current work in these areas, we present an analysis of the usefulness of these 

schemes for our study. 

2.4.1 Full Text of Articles 

In the recent past, the task of annotating full-text scientific documents has received significant 

research focus. One of the key goals of full-text annotation is to achieve text summarization, 

where the objective is to classify sentences into a pre-defined classification scheme and examine 

their suitability for inclusion in the summary of an article. Thus, such tasks involve two 

components: (a) an annotation scheme that defines various functions of sentences and (b) 

classification techniques for classifying sentences according to the annotation scheme. We 

describe in this section various annotation schemes proposed for sentences in the full text of the 

article. 

Annotation Schemes for the Full Text of Articles 

Simone Teufel has done considerable work in the field of annotating scientific articles. She 

conceptualized the idea of ‘argumentative zoning’, based on which she proposed an annotation 

scheme of seven categories and called them argumentative zones for sentences (Teufel, 1999). 

After experimenting with different types of zones, the final scheme of Teufel (1999) included the 

following seven categories: (1) background, which refers to sentences describing background 

knowledge; (2) aim, which refers to sentences describing the research goal of the article; (3) 

textual, which contains sentences that refer to the textual structure of the article; (4) own, which 
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contains sentences describing any aspect of the author’s own work and not covered under aim or 

textual—examples of such sentences include ones that refer to methodology, limitations and 

further work; (5) contrast including sentences that contrast the author’s own work with other 

work or that point out weaknesses in other research; (6) basis: statements that point to the use of 

other work as a starting point for the author’s work or that explain how it gets support from the 

cited work; and (7) other, which refers to sentences that describe some aspects of other research 

in a neutral way. The annotation of sentences was carried out using a decision tree designed for 

this purpose. Argumentative zoning focused on identifying the rhetorical status of a sentence in 

relation to the discourse presented in the article.  

Teufel also conducted an inter-rater reliability study for measuring the reliability of the proposed 

scheme and achieved a stability score of 0.83, 0.79 and 0.81 for Krippendorff’s alpha (K) for 

three annotators involved in the study. She also achieved a reproducibility score of 0.78 for K, 

thus indicating that the annotation scheme was stable and reliable when used by different 

annotators. Her other publications that provide further details of her research in this direction at 

various stages include Teufel et al. (1999); Teufel and Moens (1999a); Teufel and Moens 

(1999b); and Teufel and Moens (2002). 

Mizuta and Collier (2004a) extended Teufel’s argumentation scheme (Teufel et al., 1999) for 

zone analysis in biology texts and provided a scheme of seven categories. The categories were 

background, problem setting, outline, textual, own, difference and connection. Three major 

modifications were made to the original scheme of Teufel et al. (1999). The class of sentences 

that represented the author’s own work was further divided into several categories that 

represented different characteristics such as methodology, results, insights, implications. There 

were also classes to cover the relations between data or findings and finally, the scheme provided 

for nested annotation for sentences that can be categorized in multiple classes. Mizuta and 

Collier (2004b)  provided further theoretical and practical support for their zone analysis 

presented earlier (Mizuta and Collier, 2004a) by presenting a qualitative analysis of zone 

identification in articles relating to biology.  

Langer et al. (2004) noted that newer applications in areas such as the Semantic Web required 

richer and more fine-grained annotation of documents. Accordingly, they presented a fine-
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grained annotation scheme involving sixteen topic types and investigated automatic 

categorization of text segments in scientific articles into these topic types. At a higher level, the 

classification scheme comprised eight categories. The categories were background, problem, 

textual, framework, evidence, method, answers, and resource. Further, the authors identified 

subclasses in these categories that represented finer characteristics of sentences. 

Motivated by the need to identify passages of reliable scientific facts, Wilbur et al. (2006) 

devised an annotation scheme of five categories for biomedical texts. The categories were focus, 

polarity, certainty, evidence and trend. They noted that the annotation scheme of Mizuta and 

Collier (2004a) was complex and that such an intricate system made both annotation and 

utilization of a corpus difficult. Further, they also observed that the annotation scheme of Mizuta 

and Collier (2004a) assumed that specific zones held certain types of information – a similar 

assumption to that made in similar studies such as those of Langer et al., (2004); McKnight and 

Srinivasan (2003); and Teufel and Moens (1999a), which resulted in limiting the type of 

discourse and the areas of the document that can be identified. In contrast to this notion, Wilbur 

et al. (2006) defined a set of five generic categories along which each sentence was examined 

irrespective of its semantic contents or zone. The annotation scheme of Wilbur et al. (2006) 

achieved 70-80% inter-annotator agreement, indicating the clarity of definition, and the ability to 

execute and reproduce the guidelines. The inter-annotator agreement was calculated by analyzing 

the agreement among annotators along the five chosen dimensions of focus, polarity, certainty, 

evidence and trend. 

Ibekwe-sanjuan et al. (2007) carried out experiments on classifying sentences based on rhetorical 

and lexical clues in scientific articles belonging to experimental science (quantitative biology), 

information sciences and astronomy. The authors developed local grammars to annotate 

sentences in a rhetorical scheme consisting of the eight categories objective, new things, results, 

findings, hypotheses, conclusion, related work and future work. Zhang and Liu (2007) used a 

bag-of-words representation of the text and semantic features extracted from sentences for 

classification of documents in the disease reporting domain. The semantic features were defined 

using noun phrases containing a disease word, verb phrases and dates. 
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Shatkay et al. (2008) used the scheme of Wilbur et al. (2006) and conducted machine learning 

experiments for multi-dimensional classification of biomedical texts. They suggested that 

automatic annotation was highly feasible and the sentence categorization scheme could be easily 

used in practice. The annotation scheme was examined on a large corpus involving eight 

independent annotators in a controlled environment. Each sentence was independently tagged by 

at least three individual annotators. 

Liakata et al. (2009) presented two complementary annotation schemes for scientific papers in 

Chemistry: the Core Scientific Concepts (CoreSC) annotation scheme based on the proposed 

CISP (Core Information about Scientific Papers) metadata scheme (Soldatova and Liakata, 2007) 

and the Argumentative Zoning-II scheme (AZ-II) (Teufel, 1999).  

The CISP scheme consists of concepts such as Motivation, Goal. Object, Method, Experiment, 

Observation, Result and Conclusion that were outlined through an online survey, as necessary 

components for describing scientific investigation. The CoreSC scheme implements these 

concepts along with others such as Hypothesis, Model and Background as a three layered 

annotation scheme for sentences. The focus of the CoreSC annotation scheme is to retrieve the 

structure of the investigation presented in the paper in terms of generic high-level Core Scientific 

Concepts (CoreSC). In contrast to the CoreSC scheme, the AZ-II scheme (based on Teufel 

(1999) explained in the earlier section) focuses on modelling the rhetorical and argumentational 

aspects of scientific writing and is concerned with rhetorical statements and on links between 

citing and cited papers. 

Liakata et al. (2009) identified complementary role across the two schemes and recommended 

merging of the two schemes due to the correlation between them. Liakata (2010) further 

presented results of using the CoreSC annotation scheme for identifying negative and speculative 

statements in scientific papers in physical chemistry and biochemistry. 

2.4.2 Citation Sentences in Articles 

In the previous section, we discussed research on annotating sentences in the full text of an 

article. These studies considered all types of sentences in their experiments. However, there are 
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certain studies that have specifically focused on sentences with citations. We describe in this 

section studies that are concerned with citation sentences. 

Streams of Research in Citation Studies 

As we discussed earlier in Section 2.2, citation analysis is one of the areas in which researchers 

have studied the nature of relationships between cited works. In parallel to this line of research 

concerning citations, White (2004) identified three other streams of research based on the focus 

of study of citations.  

The identification of the first two streams of research – ‘citation context analysis’ and ‘citation 

content analysis’ is attributed to Small (1982) who distinguished between the two streams by 

considering the process involved in citation analysis. Citation context analysis involves an expert 

analyst identifying characteristics of a citation implicit in the context, and citation content 

analysis is focused on analyzing the text surrounding citations to identify the characteristics of 

citations. In addition to these two streams, White (2004) also identified another independent 

stream of research that focused on discovering citer motivations. The citer motivations are 

established based on interviews with the authors, investigating the motives for citations. 

Ritchie (2008) focused on using citation contexts for information retrieval. She outlined two 

broad categories of citation studies – citer motivations and citation context analysis, based on the 

methodologies used in the studies. Her category of ‘citer motivations’ is concerned with 

examining the motives of authors in making a citation. The other category of ‘citation context 

analysis’ is attributed to Small (1982) and primarily involves analysis of the textual passage or 

statement that contains the citation. Citation context analysis is further subdivided into two 

categories – ‘citation classification’, concerned with studying the relationship between citing and 

cited documents and ‘citation content analysis’, also referred to as ‘content analysis of citation 

contexts’, which studies the topical content of the cited document.  

In this study, we use the following classification for categorizing previous studies on citation 

sentences. 

1. Annotation schemes for citation sentences 

a. Schemes with manual citation classification 
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b. Schemes with automatic citation extraction and classification 

2. Citer motivation 

3. Citation content analysis 

We describe in the following section various studies in each of these categories. 

Annotation Schemes for Citation Sentences 

As we mentioned in the previous section, the field of citation context analysis is concerned with 

analyzing the textual passage surrounding the citation. The term ‘citation context’ is defined as 

that particular passage or statement within the citing document that contain the citations (Small, 

1982). Studies have explored citation context for identifying the functions associated with 

citations and have proposed annotation schemes for classifying citations. These studies have 

either followed a manual approach or used automatic methods for classifying sentences 

according to the proposed annotation schemes. We describe in the following sections studies 

undertaken in these two streams of research. 

Annotation schemes with Manual Citation Classification 

The publication of the Science Citation Index (SCI) in 1961 triggered interest in exploring the 

nature of citations. In 1965, Eugene Garfield, the creator of SCI, outlined fifteen different 

reasons for citations (Garfield, 1964). The reasons for citations included the following: paying 

homage to pioneers; giving credit for related work (homage to peers); identifying methodology, 

equipment etc.; providing background reading; correcting one’s own work; correcting the work 

of others; criticizing previous work; substantiating claims; alerting the reader to forthcoming 

work; providing leads to poorly disseminated, poorly indexed, or uncited work; authenticating 

data and classes of fact; identifying original publications in which an idea or concept was 

discussed; identifying original publication; disclaiming work or ideas of others (negative claims); 

and disputing priority claims of others (negative homage). These reasons were based on his 

personal thoughts and were not an outcome of a systematic study. Lipetz (1965) explored the 

possibility of improving selectivity in citation indexes by including citation relationship 

indicators and devised a scheme of 29 citation relationship types for science literature. He 

grouped these relationship indicators into the following four different groups: group one includes 

citations that characterize original scientific contribution or intent of the citing paper, group two 
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refers to citations for topics other than original scientific contribution, group three consists of 

citations that describe a continuity or identity relationship between the citing paper and the 

specific cited paper and group four contains citations that provide a disposition relationship, i.e., 

information about how the citing paper has dealt with the citing paper. 

Claimed to be the first in-depth study on classifying citations, Moravcsik and Murugesan (1975) 

proposed a classification scheme for citations consisting of four categories. The categories were 

(1) conceptual or operational; (2) organic or perfunctory; (3) evolutionary or juxtapositional; 

and (4) confirmative/negational. The categories signified the connectedness of the literature and 

focused on identifying how the cited work was used by the citing author (Chubin and Moitra, 

1975). The categories were derived based on an analysis of 575 references in 30 research articles 

chosen from the field of theoretical high energy physics. Each of the references in the article was 

examined against the citing article and was classified into one of the four categories.  

Chubin and Moitra (1975) redefined the four categories of Moravcsik and Murugesan as a set of 

six mutually exclusive categories in order to further generalize the scheme. The six categories 

were divided into two main groups: affirmative and negational. The affirmative group covered 

citations that were basic, where the referenced paper is central to the paper; subsidiary, where 

citations are made to a specific method, tool or a mathematical result that is not directly related 

to the subject of the paper; citations for additional information, where the reference paper 

contains an independent supportive observation with which the citing paper agreed; and citations 

that are perfunctory, i.e., citations that are related to the research of the citing paper, but are 

really not essential. Citations under the negational category were of two types: partial, where the 

cited work is partially wrong; and total, where the cited work is completely wrong. The authors 

applied the revised typology to classify references in 43 articles published in experimental and 

theoretical high-energy physics. Spiegel-Rosing (1977) analyzed the use of references in 66 

articles published in Science Studies between the years 1971 and 1974 and proposed a 

classification scheme of 13 categories. The author observed that 80% of the cited research was 

used to substantiate a statement or an assumption made in the citing text or to point out further 

relevant information.  
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Hodges (1978) conducted interviews with scholars in different fields and analyzed a small set of 

papers belonging to a range of subject fields and proposed a scheme of ten relationship indicators 

that provided a basis for further research. During the same year, Oppenheim and Renn (1978) 

proposed a scheme of seven categories identifying citation reasons for historical papers. The 

reasons for citations were (1) historical background; (2) describing other relevant work; (3) to 

make specific use of information contained in the cited paper; (4) to make use of data for 

comparison purposes; (5) for theoretical equations referred to for calculation purposes; (6) for 

using practical or theoretical methods in the cited paper; and (7) for criticism of the cited paper.  

The authors identified these citation reasons based on their investigation of why certain papers 

were heavily cited even after many years after their publication.  

Frost (1979) analyzed the existing citation schemes and considered differences in research 

methods between scientific and humanistic disciplines. She proposed a classification scheme of 

citations in literary research and applied the scheme for a sample of publications in German 

literary research. The classification scheme had three main classes: (1) citations to primary 

sources; (2) citations to secondary sources, which referred to pervious scholarship; and (3) 

citations to sources that were either primary or secondary. Peritz (1983) proposed a classification 

scheme of eight categories for substantive-empirical papers in social sciences and related fields 

such as sociology, education, demography, epidemiology and librarianship.  

Annotation Schemes with Automatic Citation Extraction and Classification 

Studies have also focused on the aspect of automating the process of citation classification in 

scientific documents. These studies have either proposed a new or a modified scheme for citation 

classification and have adopted a suitable classification technique for automating the process. 

We present in this section the details of the annotation schemes in these studies. The details of 

the classification techniques used for automatic citation classification are presented in Section 

2.5.2. 

Nanba and Okumura (1999) proposed a simplified classification scheme of three categories 

based on the 15 reasons identified by Garfield (1964) and developed a semi-automatic citation 

classification system for achieving multi-paper summarization. Citations were grouped based on 

different types, which included (1) Type B – which refers to citations that show other 
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researchers’ theories or methods for theoretical basis; (2) Type C – citations that point out the 

problems or gaps in related works; and (3) Type O – citations that did belong to either Type B or 

Type C. 

Pham and Hoffmann (2003) developed KAFTAN, a “Knowledge Acquisition Framework for 

TAsks in Natural language”, which classified citations into four citation types. The citation types 

included (a) basis – where the citing work is based on the cited work; (b) support – where the 

cited work is used as a support by the citing work; (c) limitation – where the cited work is 

criticized as having some limitations or weakness; and (d) comparison – where approaches of 

two or more cited works are compared.  

Teufel, Siddharthan, and Tidhar (2006) presented an annotation scheme for citations involving 

12 categories, based on the categories proposed by Spiegel-Rosing (1977). The scheme had four 

main categories – citations that were weak, citations that describe comparison or contrasts 

between the author’s own and other work, citations that provided positive sentiments, and the 

final category contained citations that were neutral.  

Le et al. (2006) defined six categories of citations that facilitated emerging trend detection. The 

six types of citations included the following: Type 1 – where the citing paper is based on cited 

work; Type 2 – where the citing paper is part of the cited work; Type 3 – where the cited paper 

supports the citing paper; Type 4 – where the citing paper points out problems or gaps in the 

cited work; Type 5 – where the cited work is compared with the citing work; and Type 6 – which 

comprises all citations. 

Radoulov (2008) carried out a study for exploring automatic citation function classification and 

redesigned Garzone’s scheme of 35 categories from the perspective of usability and usefulness. 

The citation function categories of Garzone were modified as citation function components and a 

way was proposed to express categories by simply combining the components. He distinguished 

between three main components: reason, object and other. While the reason component 

characterized various facets of why an article was cited, the object component was concerned 

with what was cited.  



31 

 

Citer Motivation 

While the studies discussed above considered either the text in the citing or cited document, or 

relied on an expert to classify  citations, there have been studies where the reasons for citations 

have been investigated by carrying out interviews and surveys with the authors themselves. 

White (2004) identifies this line of investigation as ‘Citer Motivations’. 

Brooks (1985) is claimed to be the first study involving real authors that investigated the motives 

for citations. The author assessed citation motives of 26 faculty members using a seven point 

motivational scale designed to rate the reasons for citations, and identified persuasiveness as a 

major motivation factor for making citations. The seven point motivational scale included the 

following factors: (1) currency; (2) negative credit; (3) operational information: (4) 

persuasiveness; (5) positive credit; (6) reader alert; and (7) social consensus. Brooks (1986) 

carried out another study with 20 faculty members using the motivational scale defined earlier 

(Brooks, 1985) and reported evidence of complex citer motivations. Prabha (1986) carried out 

interviews with faculty members in the field of business administration to study their citation 

behaviour. Shadish et al. (1995) carried out interviews with psychologists in order to understand 

their citation behaviour.  

Case and Higgins (2000) carried out a different kind of study for identifying the motivations of 

citing authors. They surveyed all the authors who cited two of the highly-cited authors in the 

field of psychology during the period 1995-1997. The authors were asked 32 questions about 

why they cited the document, and the citer’s relationship between the cited author and the 

document was also examined. The study identified the following top six reasons for citations: (1) 

reference reviews prior work in an area; (2) reference represents a genre of studies or a 

particular concept in the field; (3) source of a method or design feature; (4) reference helps in 

establishing the legitimacy of a topic in the article; (5) reference is authored by a recognized 

authority in the field; and (6) reference supports an assertion in the sentence. 

Citation Content Analysis 

Citation content analysis or content analysis of citation contexts is another field that has 

investigated the use of citations in scientific texts. It is concerned with identification and analysis 
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of the portion of cited documents, used by the citing documents. White (2004) points out that 

citation content analysis is suitable for highly cited works, as many citing contexts would be 

available for analysis. Ritchie (2008) observes that this field is primarily concerned with the 

topical content of the cited document. Some of the common questions investigated in these 

studies include: 

a. What is the extent of the influence of the citing document and how does it compare to 

other (classic) works in the field? 

b. What content from the citing document have subsequent authors used? 

c. What are the characteristics of citation frequency and use of content by authors in 

different countries and regions? 

d. Is the citing document a landmark publication and if so, what does it signify?  

 

Garfield (1980) analyzed citation contexts of 35 social science and 49 natural science articles 

that cited work by sociologist Robert K. Merton and found that citations were to Merton’s 

conceptual work and that these articles cited 26 distinct concepts. Cozzens (1985) proposed a 

method for examining how scientific papers are cited in later works and traced the changes over 

time. She presented a comparative analysis of cases drawn from the fields of neuropharmacology 

and the sociology of science to illustrate her approach. Her analysis showed strong differences in 

the level of generality at which the contents of the original papers were cited.  Mizruchi and Fein 

(1999) examined 160 articles in six journals that cited the classic article by DiMaggio and 

Powells (1993) on institutional isomorphism and then more closely examined the 26 articles that 

operationalized and empirically tested parts of that work.  Lounsbury and Carberry (2005) 

classified 238 articles published in Administrative Science Quarterly from 1956 to 2002 that 

cited Max Weber’s work on organizational research streams and suggested that Weber’s 

relevance to organization studies appeared to be waning. 

Anderson (2006) carried out citation context analysis to study how articles have cited Karl 

Weick’s classic book ‘The Social Psychology of Organizing’ and to determine what concepts 

citing authors have discussed. Interestingly, the work examined the influence using both citation 

analysis and citation content analysis.  McCain and Salucci (2006) carried out citation context 

analysis of Frederick P. Brooks Jr’s ‘The Mythical Man-Mouth’ by examining 574 citation 
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contexts from 497 journal articles citing the document over the period 1975-1999. The study 

showed that the book represented a variety of different concepts and that it has been cited in a 

wide range of subject areas. 

2.4.3 Abstracts in Articles 

Besides studies that have focused on either full text or citations in the article, some studies have 

limited their focus only to abstracts of an article. This section describes studies in this direction. 

McKnight and Srinivasan (2003) carried out a study for classifying sentences into four general 

high-level categories of introduction, method, result and conclusion. Hara and Matsumoto (2005) 

used information extraction and sentence classification methods for summarizing clinical trial 

design information with a focus on three aspects of compared treatment, endpoint and patient 

population. Yamamoto and Takagi (2005) classified sentences in abstracts according to their 

rhetorical status into six classes of background, purpose, introduction, method, result and 

conclusion.  

Chung (2009) used sequential classification models to identify key sentences from abstracts of 

Randomized Clinical Trials (RCTs). The sentences were classified into three categories of 

intervention, participants and outcome measures. Guo et al. (2010) investigated the applicability 

of different annotation schemes, based on section names, argumentative zones and conceptual 

structure of documents to biomedical abstracts and observed that a majority of the categories 

defined in these schemes appeared in abstracts and that they could be identified efficiently using 

machine learning techniques. Kim et al. (2011) classified sentences in medical abstracts into six 

categories of background, intervention, outcome, population, study design and other, for 

supporting evidence based medicine. 

2.4.4 Applicability of Existing Schemes for our Study 

We described in the previous section various studies that have proposed annotation schemes for 

sentences in scientific articles. We grouped these studies into three categories: (a) studies that 

focused on the full text of the article; (b) studies that considered only citation sentences in the 

article; and (c) studies that considered only the abstract of an article, and presented various 
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annotation schemes proposed in these studies. In spite of the existence of a variety of annotation 

schemes, it is difficult to use them for different applications for the following reasons. 

Difficulty in using Older Schemes – Baldi (1998) writes about the difficulty in using the older 

classification schemes published during the 1970s and the 1980s, saying that these schemes were 

developed in a completely ad hoc manner and were virtually isolated from one another during 

the development process. Baldi further notes that these schemes were a result of a lengthy and 

cumbersome analysis. Thus, it is difficult to use these schemes in their present form and require 

significant modification before they could be successfully adopted for different applications. 

Difficulty in using Annotation Schemes across Disciplines – It is also difficult to use existing 

annotation schemes across disciplines. White (2004) described existing classification schemes as 

“idiosyncratic” and emphasized the difficulty in employing them, particularly when using them 

across disciplines. 

Need for an Application-oriented Annotation Scheme – It is important to choose the 

annotation scheme in accordance with the objectives of the application being developed. Gao, 

Tang and Lin (2009) analyzed different annotation schemes and concluded that the selection of 

scheme should be task-oriented, and that the optimal scheme for use should depend on the level 

of detail required by the application at hand. In other words, it is difficult to use a single 

annotation scheme for various applications and it would require considerable modification before 

it can be used for different applications. 

Thus, in general, there are significant challenges in using the existing annotation schemes. We 

present in the following section the difficulties of using these schemes in the context of our 

application. We first describe the requirements of our annotation scheme and then explain the 

difficulties in using the existing ones. 

Requirements of our Annotation Scheme 

The principal focus of our study is to develop an application that provides citation context based 

information services. The typology required for this task should, besides distinguishing between 

sentences with citations and without citations, identify various contexts for sentences.  
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The distinction between citation and non-citation sentences is necessary in order to identify the 

complete context of a citation. Many times, the context or the reason for citation may not be 

evident in the citation sentence itself. The context may be provided in the following or preceding 

sentences. For example, after a citation pointing to a piece of related work, the following non-

citation sentence may describe a gap in the work cited previously. Similarly, a citation may be 

made in relation to a research gap identified in the preceding non-citation sentence. Thus, it is 

necessary to distinguish between citation and non-citation sentences in order to identify properly 

the context of a citation. 

Difficulties in using the Existing Schemes for our Application 

Though there are various annotation schemes for sentences in scientific articles, we found it 

difficult to use them in our study. Consider for example, a sample paragraph from a scientific 

article shown in Figure 2-5.  The sample paragraph has a total of six sentences that include three 

sentences with citations and three without citations, and is formatted to show individual 

sentences for the sake of clarity. In order to provide citation context based information services 

for this paragraph, we would need to identify specific functions of both citation and non-citation 

sentences. For instance, the functions of the second, third and fifth sentences in the paragraph 

(which contain citations) are to identify research gaps, to overcome research gaps and to cite a 

specific work for a research issue, respectively. 

 

 

 

 

 

 

 

 

There is a large amount of literature addressing the problem of automated composition of web services. 

However, most of the approaches address composition at the functional level (see, e.g. [12, 4]), and much 

less emphasis has been devoted to the problem of process-level composition.  

Different planning approaches have been proposed to address the problem of on-the-fly composition, 

from HTNs [17] to regression planning based on extensions of PDDL, to STRIPS-like planning for 

composing services described in DAML-S [15].  

However, none of these techniques addresses the problem of composing web services with conditional 

outputs, non-nominal outcomes, and with process models describing interaction protocols that include 

conditional and iterative steps.  

In [8, 11, 7], the authors propose an approach to the automated composition of web services based on a 

translation of DAML-S to situation calculus and Petri Nets.  

Also in these papers, however, the automated composition is limited to sequential composition of atomic 

services, and composition requirements are limited to reachability conditions. 

 

Source: Pistore et al., 2005 – Appendix 5-3 
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Figure 2-5: Sample Paragraph 
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Considering the sentences without citations, the first sentence has the role of providing an 

introduction or background to the issue discussed, while the fourth and sixth sentences identify 

gaps in the preceding cited works. Thus, our application would require an annotation scheme that 

defines different functions for sentences both with and without citations. However, it is difficult 

to use the existing annotation schemes for our application for the following reasons. 

Generic categories of annotation schemes focusing on all sentences 

As seen earlier, some studies have focused on all sentences (both with and without citations) in 

the article and have proposed classification schemes for these sentences (Teufel, 1999; Mizuta 

and Collier, 2004a; Langer et al., 2004; Wilbur et al., 2006; Ibekwe-sanjuan et al., 2007). A 

summary of the annotation schemes presented in these studies is provided in Table 2-1. 

Table 2-1: Summary of Annotation Schemes for Full Text of Articles 
 

Scheme Categories Details of Categories 

Teufel (1999) 7 Background, Aim, Textual, Own, Contrast, Basis, Others 

Mizuta and 

Collier (2004a) 

7 Background, Problem setting, Outline, Textual, Own, 

Difference, Connection 

Langer et al. 

(2004) 

8  

(high level) 

Background, Problem, Textual, Framework, Evidence, 

Method, Answers, Resource  

Wilbur et al. 

(2006) 

5 Focus, Polarity, Certainty, Evidence, Trend 

Ibekwe0sanjuan 

et al. (2007) 

8 Objective, New Things, Results, Findings, Hypothesis, 

Conclusion, Related Work, Future Work 

 

Though these annotation schemes are designed to cover all sentences in the article, it is difficult 

to employ them for our purposes for various reasons. As discussed in Section 2.4.1, Teufel 

(1999) described seven argumentative zones for classifying sentences. Among these seven 

categories, Teufel (1999) classifies citation sentences in only two categories – basis and contrast. 

The class of basis refers to those statements that use other work as their basis, starting point or 

support, while the contrast is concerned with sentences that draw contrasts between cited works, 

sentences pointing out weaknesses in other research or any other type of shortcomings. While 

these two categories identify important characteristics of citations, they provide a fairly generic 

grouping of citations, which is of insufficient detail for providing citation context based 
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information services and require further categories that distinguish between other contexts. For 

example, as seen earlier, annotation schemes for citations have proposed a large number of 

classes for distinguishing between different characteristics of citations. However, a much finer 

representation could also render difficulties, particularly for achieving automatic classification as 

discussed later in this section. Similarly, the category of Own provides a broad notion for 

considering different kinds of non-sentences without citations that deal with methodology, 

limitations and further work.  

Wilbur et al. (2006) noted the scheme of Mizuta and Collier (2004a) discussed in Section 2.4.1 

as complex, resulting in difficulties for both annotation and utilization of corpora, and proposed a 

scheme comprising five generic categories. They demonstrated the acceptability of the scheme 

through an inter-rater reliability study on 101 sentences, randomly chosen from ten research 

articles that were annotated by 12 annotators (including the authors). This was evaluated by 

Shatkay et al. (2008) on a large corpus involving eight annotators. However the generic nature of 

the scheme of Wilbur et al. (2006) renders it difficult to use this scheme for our purposes. 

Specific focus on citation sentences 

Studies that have focused on manual classification of citations (Garfield, 1964; Moravcsik and 

Murugesan, 1975; Chubin and Moitra, 1975; Spiegel-Rosing, 1977; Hodges, 1978; Oppenheim 

and Renn, 1978; Frost, 1979; Peritz, 1983) and automatic classification of citations (Garzone, 

1997; Nanba and Okumura, 1999; Nanba and Okumura, 1999; Garzone and Mercer, 2000; 

Nanba et al., 2000; Pham and Hoffmann, 2003; Teufel et al., 2006; Radoulov, 2008) have 

specifically focused on citation sentences in scientific articles and do not consider sentences 

without citations for classification purposes. Since our annotation scheme required contexts for 

sentences with and without citations, it is not possible to use these schemes for our objective. 

Finer categorization 

Some of the studies focusing on citation sentences have considering modelling finer aspects of 

citations. As a result, they have proposed classification schemes with a large number of 

categories. For example, Garfield’s 15 reasons for citations (Garfield, 1965), Lipetz’s 29 

categories of citation relationships (Lipetz, 1965), Spiegel-Rosing’s 13 categories (Spiegel-
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Rosing, 1977), Frost’s 15 categories (Frost, 1979), Garzone’s 35 categories (Garzone, 1997), and 

the 12 categories of Teufel et al., (2006) identify finer characteristics of citations. While finer 

details are useful in understanding the different contexts of citations, the usage of such finer 

representations results in the following difficulties in our application. 

Difficulties in automating the process of context identification – One of the objectives of our 

study is to automate the process of sentence context identification. As discussed later in Section 

2.5.8, we follow an approach of defining features for sentences based on identification of 

specific kinds of terms in them. Use of a finer classification would result in difficulties in 

identifying sufficiently discriminating feature terms. 

Difficulties in visualization – Adopting a finer classification would necessitate appropriate 

visualization techniques for providing information services. The user interface would become 

more complex with a use of fine classification. 

Thus, the reasons identified above clearly indicate the difficulties in adopting the existing 

schemes in our study. However, the importance of these schemes cannot be ignored. Though 

critical, Baldi (1998) emphasizes the importance of these classification schemes and regards 

them to be essential in understanding the contextual nature of citations. In addition, schemes 

proposed by different studies such as those of Teufel (1999) and Teufel, Siddharthan and Tidhar 

(2006) have achieved good inter-rater reliability measures, indicating the usefulness of the 

schemes. Furthermore, several studies such as those of Mizuta and Collier (2004a) and Hachey 

and Grover (2005) have successfully extended the earlier schemes to model different domains.  

Thus, it is important to understand the existing schemes in order to either modify or propose 

newer schemes for different domains. 

Given the scenario discussed above, we resorted to developing an annotation scheme that would 

distinguish between citation and non-citation sentences and provide various context type 

definitions for these sentences. In the process, we also considered the existing schemes during 

the process of designing of our annotation scheme. 
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2.5 Automatic Classification Techniques for Sentences in Scientific Articles 

We described in Section 2.4 various annotation schemes for sentences in scientific articles. Apart 

from proposing annotation schemes, studies have also investigated the task of automatic sentence 

classification and have used several techniques for achieving this task. Based on their focus, the 

studies in this direction can be categorized into three categories: (a) studies focusing on full text; 

(b) studies focusing on citation sentences; and (c) studies focusing on the abstracts of articles. 

We describe in this section various studies under each of these categories.  

Another area of relevance to our research is the new field of sentiment analysis, also called 

opinion mining, which refers to the application of natural language processing, computational 

linguistics and text analytics to identify and extract subjective information from source materials. 

Given our objective to classify sentences, the techniques employed in the field of sentiment 

analysis can be useful in classifying sentences. With this objective, we also review in this section 

some of the prominent studies in the field of sentiment analysis. 

After describing these studies, we present our approach to view sentence classification as a 

sequential classification task and discuss the rationale for using sequential classifiers in our 

study. 

2.5.1 Sentences in Full Text 

There have been studies for classifying sentences in scientific articles. Teufel and Moens (1997) 

identified contexts of sentences for generating summaries in a heterogeneous collection of 

articles drawn from the field of computational linguistics. The authors replicated the experiments 

of  Kupiec et al. (1995). In contrast to the replicated work, which used abstracts created by 

professional abstractors, the authors used abstracts created by authors themselves and argued that 

the use of human-selected sentences was advantageous to such tasks. Teufel and Moens (1998) 

further used the work of Kupiec et al. (1995) to classify the extracted sentences according to 

their argumentative status. Their method was different from the extended work in using low-

level properties of sentences and non-use of external knowledge sources that achieved robustness 

and partial domain-independence. Teufel and Moens focused on modelling the argumentation 

structure of research articles and capturing linguistic realizations of argumentative acts as low-

level features for sentence extraction.  
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Teufel (1999) used supervised learning methods and adapted the Naïve Bayesian classifier from 

Kupiec et al. (1995) to achieve automatic classification of sentences into argumentative zones. 

Kupiec et al. (1995) had earlier viewed document summarization (extract selection) as a 

statistical classification problem and used a training set of documents with hand-selected 

document extracts for developing a classification function that estimated the probability of 

inclusion of a given sentence in the extract. The classifier provided an estimate of the probability 

for the selection of a sentence in the abstract. 

Ibekwe-sanjuan et al. (2007) carried out experiments on classifying sentences in scientific 

articles belonging to experimental science (quantitative biology), information sciences and 

astronomy based on rhetorical and lexical clues. The authors developed local grammars to 

annotate sentences using a rhetorical scheme consisting of eight categories. Zhang and Liu 

(2007) used a bag-of-words representation of the text and semantic features extracted from 

sentences for classification of documents in the disease reporting domain. They examined the use 

of combining keywords and sentence semantic features with the Naïve Bayes and Support 

Vector Machines (SVMs) classifiers and found that the combination considerably improved the 

performance. 

Deshpande et al. (2010) followed an unsupervised approach for sentence classification. They 

used the theory of speech acts to build an unsupervised (knowledge based) classifier that further 

classified sentences into two categories – suggestion and complaint classes, and demonstrated its 

real-life application in the field of employee surveys and product reviews.  

Liu et al. (2010) used Part-of-Speech (POS) tags as patterns to identify sentences that described 

interactions involving concepts of molecular biology. Recently, Teufel and Kan (2011) 

successfully used a maximum entropy classifier for classifying sentences in noisy text (content 

extracted from scholarly articles in PDF format). The sentences were classified according to the 

argumentation scheme of Teufel (1999). The authors constructed three datasets for this purpose, 

a perfect dataset that had text obtained through manual entry, hand-annotated XML, hand-

corrected paragraph and sentence boundaries and hand corrected POS tags; a clean dataset, 

where everything remained the same except with XML being absent; and a noisy dataset, where 
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the text was extracted automatically from PDFs and the XML, paragraph and sentence 

boundaries and the POS tags were were generated automatically.  

2.5.2 Citation Sentences 

In the previous section, we discussed studies that have proposed annotation schemes for citations 

in scientific articles. We present in this section the classification techniques employed by 

different studies for achieving the task of automatic citation classification. 

Garzone (1997) developed an automated citation classifier that had several components for 

implementing the process of citation classification. These included a Postscript-to-Text 

Converter, Citation Sentence Extractor, Co-ordinating component, Sentence Tokenizer, Tagger, 

Syntactic Parser and Semantic Parser. The semantic parser, which implemented a semantic 

grammar, predicted a category for the citation sentence by processing its section location and 

part of speech information.  

Garzone and Mercer (2000) claim to have developed the first fully automatic citation classifier 

system that extracted and processed only sentences with citations and used a pragmatic grammar 

for classification. Nanba et al. (2000) used citation classification for achieving automatic 

generation of a review (survey) article. The authors defined the passages in a research article 

where the author refers to the differences between the current paper and the cited work as 

‘citation areas’ and considered them as a summary of the cited work provided by the citing 

author. The authors used the categories defined by Nanba and Okumura (1999) and identified the 

type of citing relationships, which was used for creating a citation-based topical clustering of 

papers that provided for a rough review.  

Pham and Hoffmann (2003) developed KAFTAN, “Knowledge Acquisition Framework for 

TAsks in Natural language”, which rapidly acquired cue phrases for classifying citations into 

four citation types. They compared the results of their classifier with the results of Nanba et al. 

(2000) and showed that their results were better than those of Nanba et al.  

Teufel, Siddharthan, and Tidhar (2006) used supervised learning for automatically classifying 

citation sentences. Le et al. (2006) used finite state machines – Hidden Markov Models (HMM) 

and Maximum Entropy Markov Model (MEMM) – for extracting citation types from scientific 
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articles. They used WordNet16 for building a concept hierarchy that consisted of the words and 

their synonyms and hyponyms. Radoulov (2008) used a Naive Bayes classifier to achieve 

automatic citation classification. 

Kaplan and Tkunaga (2008) developed the Cite-Sum system which focussed on knowledge 

reduction through the use of citations. The system received a paper title as a query and generated 

a summary of the paper by finding citing papers and extracting citations from the text of the cited 

paper. Qazvinian and Radev (2008) used the content of citations in citing papers to generate 

summaries of fields of research. Kaplan et al. (2009) proposed a novel method based on 

coreference-chains for extracting citations from research articles.  

2.5.3 Sentences in Abstracts 

As mentioned earlier, certain studies have focused only on sentences in abstracts. We describe in 

this section, the classification techniques employed by them.  

McKnight and Srinivasan (2003) evaluated various machine learning techniques for classifying 

sentences in medical abstracts and concluded that these techniques were useful in sentence type 

identification within the domain of both structured and unstructured abstracts. Hara and 

Matsumoto (2005) used information extraction and sentence classification methods for 

summarizing clinical trial design information and suggested that the combination of these two 

techniques could form a good solution to the summarization task in MEDLINE abstracts. 

Yamamoto and Takagi (2005) used supervised learning techniques for classifying sentences in 

abstracts according to their rhetorical status and concluded that these techniques could be useful 

in creating multi-document summarization. Hirohata et al. (1990) investigated the task of 

identifying sections in abstracts as a sequential classification task and used Conditional Random 

Fields (CRFs) for achieving better accuracy compared to Support Vector Machines (SVM). 

Chung (2009) used sequential classification models to identify key sentences from abstracts of 

Randomized Clinical Trials (RCTs). Guo et al. (2010) investigated the applicability of different 

annotation schemes, based on section names, argumentative zones and conceptual structure of 

documents to biomedical abstracts and observed that a majority of the categories defined in these 

                                                 
16 http://wordnet.princeton.edu/ 
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schemes appeared in abstracts and that it could be identified efficiently using machine learning 

techniques. Kim et al. (2011) also worked with sequential classification models and successfully 

achieved automation classification of sentences in medical abstracts for supporting evidence 

based medicine. 

2.5.4 Sentiment Analysis and Opinion Extraction 

As mentioned earlier, the field of sentiment analysis is a rapidly emerging field for identifying 

and extracting subjective information in source materials. The task in sentiment analysis is the 

identification of sentiments in texts, i.e. to identify whether the expression indicates positive 

(favourable) or negative (unfavourable) opinions towards the subject.  

We categorize studies in sentiment classification into the following areas based on their focus. 

1. Identifying sentiments from words and phrases – these studies have focussed on 

identifying the semantic orientation or polarity of words in documents. 

2. Using sentiments to classify sentences – these studies identify sentiments associated 

with sentences and use this information for identifying the meaning and classification of 

sentences. 

3. Using sentiments to classify text passages – these studies are concerned with classifying 

specific text passages based on the sentiment present in them. 

4. Using sentiments for document classification – these studies explore sentiment analysis 

and opinion extraction to identify the overall sentiment present in the document and use 

this information for classifying documents. 

In the following sections, we review studies in the above four areas. 

Identifying Sentiments from Words and Phrases 

Hatzivassiloglou and Mckeown (1997) labelled adjectives as positive or negative using semantic 

orientation. The semantic orientation or polarity of a word indicates the direction in which the 

word deviates from the norm for its semantic group or lexical field (Lehrer, 1974 cited in 

Hatzivassiloglou and McKeown, 1997). The authors proposed a method for automatically 

retrieving semantic orientation information using indirect information collected from a large 

corpus and demonstrated that conjunctions between adjectives provided indirect information 
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about orientation. They used log-linear models that used constraints from conjunctions to predict 

whether the conjoined adjectives had the same or different orientations. Hatzivassiloglou and 

Wiebe (2000) explored the benefits of lexical features of adjectives for identifying subjectivity of 

the sentence i.e., the contextual sentence-level feature. They demonstrated that lexical semantic 

features such as semantic orientation and gradability play an important role in identifying the 

subjectivity of the sentence. Gradability (or grading) is the property that enables a word to 

participate in comparative constructs and to accept modifying expressions that act as intensifiers 

or diminishers (Sapir, 1944; Lyons, 1977, p. 271 cited in Hatzivassiloglou and Wiebe, 2000). 

Kamps and Marx (2002) investigated the subjective aspects of meanings expressed in written 

texts, such as the attitude or value expressed in them, and explored the structure of the WordNet 

lexical database to assess the affective or emotive meaning of words. Turney (2002) adapted an 

unsupervised method for classifying reviews, using the average semantic orientation of the 

phrases that contained adjectives or adverbs.  

Kanayama and Nasukawa (2006) proposed an unsupervised lexicon building method for 

detecting polar clauses that conveyed positive or negative aspects in a specific domain. The 

authors used context coherency – the tendency for the same polarities to appear successively in 

contexts as a clue to identify polar clauses. Ding et al. (2008) proposed a holistic lexicon-based 

approach for opinion mining of product reviews using external evidence and linguistic 

conventions for identifying opinion words that are context dependent. They used special words, 

phrases and language constructs that impact on opinions based on their linguistic patterns other 

than opinion words in identifying sentiments. This approach significantly improved results 

compared to the previous studies. 

Using Sentiments to Classify Sentences 

Hearst et al. (1992) followed a question-answering model for identifying the meaning of 

sentences. The author proposed a general class of queries without involving much of the 

complexities of NLP techniques that generate ‘all plausible’ inferences. She used a method for 

coercing sentence meanings into a metaphoric model such that the only semantic interpretation 

required to determine the directionality of the sentence was done in accordance with the model. 
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Morinaga et al. (2002) presented a framework for automatically collecting people’s opinions 

about target products from web pages, and used text mining techniques to identify the reputation 

of those products. The opinion extraction experiments were based on application-specific 

question-answering systems and the text mining was carried out using characteristic words, co-

occurrence words, typical sentences, and correspondence analysis among multiple target 

categories. The author created syntactic and linguistic rules to determine whether a given 

statement was an opinion and to identify whether it was positive or negative in nature.  

Hu and Liu (2004) studied mining and summarization of customer reviews. They mined product 

features commented on by customers, identified opinion sentences in each review and 

determined whether each opinion sentence was positive or negative, and finally summarized the 

results. They derived features using part of speech (POS) tags and opinion words. 

Wiebe et al. (2006) investigated the use of opinion and emotion in language through a corpus 

annotation study. The authors manually annotated and developed 10,000 sentences to propose a 

detailed annotation scheme that identifies components and properties of opinions, emotions, 

sentiments, speculations, evaluation and other internal states that cannot be observed directly and 

carried out an inter-rater reliability study for measuring the acceptance of the scheme. 

Liu et al. (2005) proposed a framework for analyzing and comparing consumer opinions of 

competing products and developed language pattern mining based techniques for extracting 

product features in reviews. The authors observed that opinions expressed by authors appeared as 

sequences of sentences and used POS tagging, word substitution, n-grams, the distinction 

between duplicate tags, and word stemming for creating features in their experiments.  

Using Sentiments to Identify/Classify Text passages 

Spertus (1997) developed a prototype system called Smokey for identifying abusive messages on 

the Internet. The system used a 47-element feature vector based on the syntax and semantics of 

each sentence and used Quinlan’s C4.5 decision-tree generator to achieve 64% accuracy in 

identifying abusive messages.  

Nasukawa and Yi (2003), instead of classifying the whole document as positive or negative 

towards the subject, focused on identifying specific text passages that denote sentiment 



46 

 

expressions for a given subject and determined the polarity of the sentiments in those passages. 

The authors used a relatively small lexicon of sentiment terms and noted that large-scale 

applications would require a more robust lexicon.  

Gamon (2004) focused on classifying noisy and fragmentary customer feedback information 

obtained from web surveys. He relied exclusively on machine learning techniques and did not 

use any additional semantic resources, employing deep linguistic analysis features along with 

surface level features to increase classification accuracy. 

Using Sentiments for Document Classification 

Pang et al. (2002) used Naïve Bayes, maximum entropy and support vector machines classifiers 

for classifying movie reviews based on the overall sentiment present in them. Turney (2002) 

followed unsupervised methods for classifying reviews into two categories: recommended or not 

recommended. The author used a POS tagger for identifying adjectives or adverbs, followed by 

estimating the semantic orientation of each phrase and then finally classifying the review based 

on the average semantic orientation of the phrases. 

Riloff and Wiebe (2003) noted that subjectivity learning systems required training from large 

text collections that would result in creating a broad and comprehensive subject vocabulary, and 

thus used a bootstrapping process that learned linguistically rich extraction patterns for 

subjective expressions from a collection of un-annotated texts. The bootstrapping process 

resulted in automatically identifying more subjective sentences with an increase in training set 

size. 

Dave et al. (2003) used opinion extraction for semantically classifying product reviews. They 

used information retrieval techniques such as tokenization, initial statistics, thresholding, 

language processing, substitution and collocation for feature extraction and scoring for 

distinguishing between positive and negative reviews. Mullen and Collier (2004) experimented 

with Support Vector Machines (SVMs) for sentiment analysis in movie reviews by bringing 

together diverse information such as favourability measures for phrases and adjectives, and 

knowledge about the topics. Pang and Lee (2005) considered finer-grained scales such as ‘three 

stars’ or ‘four stars’ for classifying movie reviews. Gamon et al. (2005) also used bootstrapping 
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approach for clustering sentences to achieve sentiment classification. The authors developed a 

prototype named Pulse for mining topics and sentiment orientation from free text customer 

feedback. 

Durant and Smith (2006) used machine learning techniques such as Naïve Bayes and SVMs for 

classifying political web log posts and showed that Naïve Bayes significantly outperformed 

SVMs.  

Matsumoto et al. (2005) noted that previous studies used a bag-of-words representation of 

documents, where the text was regarded as a set of words and did not consider word order and 

syntactic relations between words in sentences. They investigated the use of word sub-sequences 

and dependency sub-trees for classifying documents and achieved better performance compared 

to previous classifiers. 

2.5.5 Sentence Classification – A Sequential Task 

Most of the prior studies in the field of sentence classification, particularly the ones that have 

specifically focused on citation sentences, have viewed classification task as a non-sequential 

classification problem, where a given sentence is considered independently from other sentences. 

The classifiers used for these purpose includes Naïve Bayes classifer (Teufel, 1999; Zhang and 

Liu, 2007; Radoulov, 2008) and support vector machines (Zhang and Liu, 2007). Studies have 

also used localized grammars (Ibekwe-sanjuan et al., 2007; Garzone, 1997; Garzone and Mercer, 

2000) and part-of-speech (POS) tags (Liu et al., 2010), for achieving the task of sentence 

classification. Unsupervised learning techniques are also used to investigate the problem of 

sentence classification (Deshpande et al., 2010). 

As against the view of viewing the task of sentence classification as a non-sequential task, 

sentence classification can also be viewed as a sequential task. Sentences are rhetorically related 

to each other and prior studies have captured these rhetorical relations by using cue phrases 

(Teufel, 1999; Garzone and Mercer, 2000; Mizuta and Collier, 2004b; Mercer and Marco, 2003). 

Further, it needs to be noted that authors follow a sequential pattern in the writing process. 

Swales (1984) observed a sequential pattern in paragraphs of introduction sections in 50% of the 

articles he surveyed. He noted that in these paragraphs, authors usually start with sentences that 
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establish the research field, then continue to report on the previous research. After this, sentences 

prepare the reader for the research being presented and continue on to introduce that research. 

Thus, a sequential pattern exists between sentences in scientific articles and sequential 

classification models can be used for achieving the task of sequential classification. 

2.5.6 Sequential Classifiers for Sentence Classification 

Several sequential classification models such as Hidden Markov Models (HMMs), Maximum 

Entropy Markov Models (MEMMs) and Conditional Random Fields (CRFs) have exploited 

sequential patterns to improve classifier accuracy (Rabiner, 1989; McCallum, Freitag and 

Pereira, 2000; Lafferty, McCallum and Pereira, 2001). While HMMs are used to solve various 

sequential problems such as recognition of speech (Rabiner, 1989), handwriting (Hu, Brown and 

Turin, 1996) and gesture (Reference), as well as part-of-speech (POS) tagging (Reference), they 

are observed to suffer from two key problems . HMMs do not provide for incorporating features, 

which facilitate the addition of richer representation of observations. Second, the model follows 

a more traditional approach of employing a generative joint probability model in order to solve a 

conditional problem with given observations. McCallum et al. (2000) introduced the conditional 

MEMMs to solve these problems and showed that MEMMs achieved good performance 

compared to HMMs.  

Though MEMMs performed better, Lafferty et al. (2001) identified label bias problems in these 

models, which created a bias for labels with fewer outgoing transitions. They introduced CRFs to 

solve this problem. CRFs are observed to have properties of both generative and classification 

models. As classification models, they are able to accommodate many statistically correlated 

features of the inputs and are trained discriminately, while as generative models, they can trade 

off decisions at different sequence positions to achieve a globally optimal labelling (Sha & 

Pereira, 2003). Lafferty et al. (2001) showed that CRFs performed better than HMMs and 

MEMMs on synthetic and natural language data.  

A few of the studies described above have experimented with sequential classification models 

for sentence classification. Hachey and Grover (2005) investigated the use of sequence 

modelling for classifying sentences in the legal domain using the maximum entropy classifier. 

The authors compared the results with other classifiers such as Decision Tree (C4.5), Naive 
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Bayes, Winnow and SVMs, and noted that it provided significant improvement by achieving an 

F-score gain of 3.7 points over the earlier classifier scores. They concluded that the SVM 

classifier and the maximum entropy sequence tagger were suitable classifiers for the task. 

Studies using CRFs have mainly confined their focus to sentences in abstracts.  

Teufel and Kan (2011) used a maximum entropy classifier for successfully classifying sentences 

in raw text (content extracted from PDF articles) using the argumentation scheme of Teufel 

(1999).  

Hirohata et al. (2008) used CRFs to achieve better accuracy then SVMs in identifying sections in 

abstracts. Chung (2009) and Kim et al. (2011) successfully used CRFs and achieved good 

accuracy in classifying sentences in medical abstracts. 

Based on the successful outcomes of these prior works in using sequential classifiers for sentence 

classification, we decided to use sequential classification models for achieving the task of 

automatic context identification of sentences. 

2.5.7 Features for Sentence Classification 

Another important aspect of sentence classification is the identification of appropriate features 

for achieving accurate classification and several studies have investigated the use of different 

kinds of features for achieving good accuracy. Teufel & Moens (1998) observed that earlier 

studies had investigated the problem of making a sentence ‘meaningful’ or ‘abstract-worthy’, 

suggested solutions for this problem included stochastic measurements for the significance of 

keywords (Luhn, 1958), location of the sentence in the source text (Baxendale, 1958; 

Edmundson, 1969), and the presence of title words (Edmundson 1969) and cue or indicator 

phrases (Paice, 1981). They concluded that none of the features by themselves were sufficient 

and that a weighted combination of the features should be used to make the sentence 

‘meaningful’ or ‘abstract-worthy’. Recent studies have more or less experimented with the same 

kinds of features, such as cue phrases, location, and the presence of terms and phrases that 

characterize the context of a sentence. However, studies differ by following distinct methods for 

using these entities as features. We identify in the following sections key features used in 
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sentence classification experiments and proceed to present details of the features used in our 

study. We also give the rationale for using these features. 

Cue Phrases 

Cue phrases have been widely used as features in sentence classification experiments. They are 

primarily linguistic connectors that facilitate building the coherence and cohesion of a text 

(Mercer and Marco, 2003). Knott (1996) presents definitions of cue phrases by Cohen (1984) as 

‘special words or phrases directly indicating the structure of the argument to the hearer’, and by 

Hirschberg and Litman (1993) as ‘words and phrases that directly signal the structure of a 

discourse’, which are internal to the proposed theory of discourse. In order to present a theory-

neutral definition of cue phrases, Knott proposes a linguistic text that selects a certain set of 

phrases as they occur in natural discourse.  

The meta-discourse features defined by Teufel (1999) involved extensive use of cue phrases and 

other terms and phrases to capture the rhetorical status of sentences, which was potentially useful 

for argumentative zoning. These included “formulaic expressions” and “agentivity” features. 

Formulaic expressions were designed to determine and classify explicit meta-discourse 

statements of a specific kind and were grouped into 20 major semantic groups. Agentivity 

features that recognize agents and actions facilitated the identification of scientific meta-

discourse that is less fixed than the phrases covered by formulaic expressions. These were also 

classified to achieve generalization. Nanba, Kando and Okumura (2000) created rules using cue 

phrases and applied n-word gram analysis to achieve classification.  

Garzone and Mercer (2000) used cue phrases and section location to develop lexical matching 

and parsing rules. Pham and Hoffmann (2003) used human annotators to create rules using cue 

phrases. Mizuta & Collier (2004b) used different terms and phrases including cue phrases to 

define features for different zones of sentences in biology texts. Hachey and Grover (2005) used 

cue phrases to classify sentences in legal texts. Teufel et al. (2006) used both shallow and 

linguistic features including cue phrases, verb tense, and voice and sentence location for citation 

function classification. 
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These studies indicate the usefulness of cue phrases in sentence classification experiments. 

Mercer and Marco (2003), after studying the frequency of cue phrases in citations, suggested that 

these phrases play an important role in citations. However, manual development of the corpus of 

cue phrases and creating rules that use them is a cumbersome and time-consuming task. Pham 

and Hoffman (2003) noted that certain cue phrases contradict each other, which results in a 

single sentence being matched by multiple cue phrases belonging to different classes, leading to 

conflicts. Identification of such conflicts is difficult and in order to solve this problem, they 

automated the system to identify conflict sentences in the initial stage of analysis. 

Terms and Phrases that Characterize Context 

In addition to cue phrases, researchers have also looked at using other terms and phrases to 

capture different notions and characteristics. Knott (1996) notes that cue phrases are not the only 

way to identify relations between sentences. Nevertheless he emphasizes cue phrases as a 

starting point in working out a theory of discourse coherence. There are other linguistic 

indicators that can be used for representing sentences. Zhou et al. (2004) identified attributes 

shared among biographies in order to create a biography summarization tool. They manually 

annotated a corpus of 130 biographies of 12 people belonging to different backgrounds and 

collected a total of 3579 biography-related phrases representing different attributes such as bio, 

fame, personality, personal, social, education, nationality, scandal and work. Zhang and Liu 

(2007) studied a combination of keywords and sentence semantic features, such as verb phrase 

and date information, for text classification of emergent disease reports, and found that the 

integration of these two approaches was highly effective. Hirohata et al. (1990) used various 

words, word bigrams and mixtures of words and word bigrams as features for representing 

content. 

Location based Features 

The location of the sentence is another common feature used across prior studies. Teufel (1999) 

used absolute location as one of his features for classifying sentences into seven argumentative 

zones. Mizuta & Collier (2004b) also used the location of the sentence for zone identification of 

the sentence. Hirohata et al. (1990) used features for sentence location and to relate previous and 
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following sentences to the current sentence. Hachey and Grover (2005) used location as a feature 

for classifying sentences in legal texts. 

Other Features 

Studies have also used other kinds of features for sentence classification. In addition to cue 

phrases and location based features, Teufel (1999) used a range of features called ‘traditional 

features’. These included content features, term frequency, title words, structural correlates, 

sentence length, syntactic correlates of the verb, and citation features. Hachey and Grover (2005) 

used thematic words, sentence length, quotation, and entities as features for classifying sentences 

in legal texts. Ibekwe-sanjuan, Chen and Pinho (2007) proposed the use of lexico-syntactic 

patterns to identify strategic information from scientific articles through sentence classification. 

Marco and Mercer (2004) and Marco et al. (2006) explored the use of hedging to modify the 

effect of scientific claim and its role in classifying citations.  

2.5.8 Features used in our Study 

As seen above, some of the prominent features used in sentence classification experiments 

include cue phrases, location of a sentence and identification of useful terms and phrases. Cue 

phrases play a major role in identifying text cohesion and thus rhetorical relations between 

sentences. Location information of sentences facilitates identification of the zone of a sentence. 

The identification of useful terms and phrases helps in capturing the context of a sentence. Thus, 

realizing the importance of these entities, we defined features in our study using these entities.  

The features used in our study fall broadly into three categories: features based on terms and 

phrases, citation features and location features. The identification of unique terms and phrases 

(including cue phrases) facilitated recognition of the context of a sentence. Citation features 

helped in identifying the citation status of a given sentence. The combination of cue phrases and 

citation features also helped in identifying the rhetorical relations between sentences. We used 

the location information of a sentence to identify the section in the article to which the sentence 

belonged. We used regular expressions for feature identification, which provided a concise and 

flexible means for ‘matching’ terms and phrases in sentences. The features used in our study are 

explained in detail in Chapter 7. We also present an analysis of the terms and phrases identified 
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in our training dataset that shows that unseen articles produce relatively few new terms. This 

means that the initial set of terms created using the training dataset covers a good range of terms. 

Further, we also consider developing larger corpora of terms using a thesaurus in order to 

overcome the limitation of non-definition of features for unseen terms in newer articles. 

2.6 Representation Models for Scientific Articles 

In recent times, various representation models have been proposed for modelling scientific 

discourse. Groza et al. (2009) presented a short survey of discourse representation models that 

have proposed externalization of the rhetoric and capturing the argumentation present in 

scientific articles. The representation models included Harmsze’s model of modular 

representation, ScholOnto – the Scholarly Ontologies Project, the ABCDE model of de Waard, 

the SWAN Ontology, and the SALT framework. We describe these models along with similar 

other models in the following sections. 

2.6.1 ScholOnto – Scholarly Ontology 

Buckingham Shum et al. (2000) developed ScholOnto – an ontology-based digital library server 

to support scholarly interpretation and discourse. The authors proposed a form of network of 

contestable claims where researchers enriched their text by adding nodes and links to an evolving 

semantic network that reflects the relevant literature. They developed a representational scheme 

that was understandable and customizable for different disciplines and the ontology was 

designed to support scholars to make claims by asserting relationships, which could be contested 

by other scholars using argumentation links. The ScholOnto scheme provided a relatively simple 

set of argumentation links to concepts or claims.  

Uren et al. (2003) presented ClaiMaker – a prototype tool developed as part of the Scholarly 

Ontologies Project for summarizing the core contributions of an article and its links to other 

works. ClaiMaker facilitated description of claims in a structured way and was built on a directed 

graphical model with similarities to hypertext, where new ideas are published as nodes that can 

be built or challenged in a variety of ways by linking to them. Sereno et al. (2005) identified 

difficulties in annotating a scholarly document with a semi-formal representation of its 

interpretation and presented ClaimSpotter, an environment for annotating scholarly documents 

with this information.  
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2.6.2 Semantically Annotated LaTex (SALT) 

Groza et al. (2007) proposed Semantically Annotated LaTeX (SALT), a semantic authoring 

framework targeting the enrichment of scientific metadata. SALT employs Rhetorical Structure 

Theory (RST) (Mann and Thompson, 1987) for modelling discourse knowledge items and their 

intrinsic coherence relations. The framework consists of three ontologies (a) the document 

ontology – for modelling the linear structure of a document; (b) the rhetorical ontology – for 

capturing the rhetorical and argumentation structure of the publication; and (c) the annotation 

ontology – for connecting the rhetorical structure in a document to the actual content of the 

document. 

2.6.3 SWAN Ontology 

The SWAN (Semantic Web Application in Neuromedicine) project resulted in developing the 

SWAN Ontology – a knowledge framework for personal and community organization and 

modelling scientific discourse (Ciccarese et al., 2008). The ontology is developed to support 

development of knowledge-based applications in biomedical science. The ontology was initially 

used to model significant problems in Alzheimer disease research and can also be used for other 

domains. The ontology has six main elements. These include (a) people, groups and 

organizations; (b) discourse elements; (c) bibliographic records and citations; (d) life science 

entities; (e) tags, qualifiers and vocabularies; and (f) versions and provenance. The discourse 

elements form the core of SWAN ontology and its structure are defined to provide a bridging 

instantiation between research topics and areas. The discourse elements of SWAN include (1) 

research statements, that represent a claim or an hypothesis; (2) research questions, that represent 

topics under investigation; and (3) structured comments, which is a the structured representation 

of a comment published in a digital resource. The ontology defines relations such as 

“derivedFrom” for indicating the source of the statement (e.g. Web article), and other relations 

such as “discusses”, “inconsistentWith”, and “alternativeTo” for connecting research statements 

across articles.  

2.6.4 Citations Typing Ontology (CiTO) 

Shotton (2010) developed CiTO, the Citations Typing Ontology for describing the nature of 

reference citations in scientific research articles and other scholarly works and publishing the 
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descriptions on the Semantic Web. CiTO allows for capturing and publishing the relations 

between the citing document and the cited document. In order to achieve this objective, CiTO 

defines 23 distinct relationships between the citing and cited document that can be used to create 

metadata describing the author’s citations. These relationships are provided in Table 2-2. A 

single citation can be represented by several different properties, which includes both factual and 

rhetorical. 

Table 2-2: Relationships between Citing and Cited Document in CiTO  
(Source: Shotton (2010)) 

 
 

 

Factual Relationships Rhetorical Relationships 

 Positive Negative Neutral 

cito:cites cito:confirms cito:corrects cito:discusses 

cito:citesAsAuthority cito:credits cito:critiques cito:reviews 

cito:citesAsSourceDocument cito:extends cito:disagreesWith  

citesForInformation cito:obtainsSuppportFrom cito:qualifies  

cito:obtainsBackgroundFrom cito:supports cito:refutes  

cito:sharesAuthorsWith cito:updates   

cito:usesDataFrom    

cito:usesMethodIn    
 

CiTO uses Functional Requirements of Bibliographic Records (FRBR) 17  for representing 

different aspects of a publication, which distinguishes works, expressions, manifestations and 

items. Recently Ciccarese, Shotton, Peroni and Clark (2012) integrated CiTO and SWAN for 

presenting a new and more powerful web framework for scientific communications. The new 

framework also facilitated the description of blogs, wikis and discussion groups. 

2.6.5 Bibliographic Ontology 

The Bibliographic Ontology (bibo) facilitates description of bibliographic entities on the 

Semantic Web using the Resource Description Framework (RDF) (Darcus and Giasson, 2011). 

The ontology can be used as a citation ontology or as a document classification ontology, or 

simply as a way to describe any kind of document in RDF. The ontology was created using many 

                                                 
17 http://www.ifla.org/en/publications/functional-requirements-for-bibliographic-records 
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existing document description metadata formats and can be used as a common ground for 

converting other bibliographic data sources. An example of representing a journal article and a 

newspaper article is shown in Listings 2-1 and 2-2 respectively. 

 

 

 

 

 

 

 

 

Listing 2-1: Example of representing Journal Article using Bibliographic Ontology  
(Source: http://bibliontology.com/content/article) 

 

 

 

 

 

 

 

 

 

Listing 2-2: Example of representing Newspaper Article using Bibliographic Ontology 
(Source: http://bibliontology.com/content/article) 

<info:doi/10.1134/S0003683806040089> a bibo:Article ; 

    dc:title "Effect of argillaceous minerals on the growth of 

phosphate-mobilizing bacteria Bacillus subtilis"@en ; 

    dc:date "2006-01-01" ; 

    dc:isPartOf <urn:issn:23346587> ; 

    bibo:volume "42" ; 

    bibo:issue "4" ; 

    bibo:pageStart "388" ; 

    bibo:pageEnd "391" ; 

    dc:creator <http://examples.net/contributors/2> ; 

    dc:creator <http://examples.net/contributors/1> ; 

    bibo:authorList ( <http://examples.net/contributors/2> 

<http://examples.net/contributors/1>) . 

 

<urn:issn:23346587> a bibo:Journal ; 

    dc:title "Applied Biochemistry and Microbiology"@en ; 

    bibo:shortTitle "App Biochem and Biol"@en . 

 

<http://www.nytimes.com/2007/07/09/us/09cnd-penn.html> a 

bibo:Article; 

    dc:isPartOf <http://www.nytimes.com> ; 

    dc:date "2007-07-09" ; 

    bibo:uri "http://www.nytimes.com/2007/07/09/us/09cnd-

penn.html". 

    dc:creator <http://examples.net/contributors/100> . 

 

 

<http://www.nytimes.com> a bibo:Periodical ; 

    bibo:uri "http://www.nytimes.com" . 

    dc:title "New York Times" . 

 

<http://examples.net/contributors/100> a foaf:Person; 

    foaf:givenname "Anahad" ; 

    foaf:family_name "O'Connor" . 
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2.6.6 Other Models for Scientific Discourse 

Harmsze (2000) proposed a comprehensive model based on a modular representation for 

capturing the rhetoric and argumentation in scientific publications. The content of an article was 

divided into a set of modules, where each module was defined as a uniquely characterized, self-

contained representation of a conceptual information unit that is required to be communicated. 

Further, the representation also allowed for modules to be located, retrieved and consulted 

separately as well as in conjunction with related modules. She also defined two sets of relations – 

organizational relations that expressed the organizational coherence of the modular network and 

scientific discourse relations that indicated the reason for describing relations between the 

content of the same module and different modules. 

Sure et al. (2005) described the Semantic Web for Research Communities (SWRC) ontology 

which generically models key entities relevant for typical research communities and the relations 

between them. Jeong and Kim (2010) presented the scholarly event description (SEDE) ontology 

for modelling events information such as conferences, workshops, seminars and other important 

scientific communication channels. 

de Waard (2006) presented the ABCDE format for facilitating easier mining, integration and 

consumption of proceedings and workshop contributions by semantic browsers and wikis. This 

included (A) annotations – which referred to the metadata for describing the document; (B) 

background – for describing the position of the research, ongoing issues and the central research 

question; (C) contribution – for describing the outcomes of the research work; (D) discussion – 

for discussion, comparison, implications and future steps of the research work; and (E) entities – 

for referring to entities such as references, personnel names and project websites. The authors 

used LaTeX for providing a suitable input format for capturing the semantic structure. 

de Waard (2007) proposed a new format for scientific research articles that facilitated their use in 

a computer-assisted environment. She proposed a structure of discourse segments and their 

relations for explicitly marking the rhetorical and knowledge elements in the text that can be 

used to represent the argumentation contained in the article. 
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Rodriguez et al. (2007) presented an ontology that was engineered to represent classes that have 

large-scale bibliographic and usage data, supports usage research and whose instantiation is 

scalable to the order of 50 million articles along with their associated artifacts (such as authors 

and journals) and an accompanying 1 billion usage events (described as Large Scale Modelling). 

The ontology was developed under the Andrew W. Mellon Foundation funded MESUR project. 

The ontology facilitated establishment of a model of scholarly communication process by 

relating citation, bibliographic and usage data and creation of a large-scale reference data set that 

could be used for investigating usage-based metrics of scholarly information (Bollen et al., 

2007a  and 2007b). 

Li et al. (2010) developed oreChem ChemXSeer – a semantic digital library for modelling 

chemistry papers with semantic metadata. Solovyev and Zhiltsov (2011) described an approach 

for extracting and analyzing the structure of mathematical papers. They used the Mocassin 

ontology, which was employed by analysis algorithms to model the structure of scholarly 

publications in mathematics. The authors achieved good results when evaluating the application 

on a set of real mathematical papers and present potential applications of the model for 

information retrieval tasks, including semantic search. 

Recently, Allen (2011) proposed a model-oriented approach for scientific research reports. The 

author introduced a novel approach for describing research design and provided a framework for 

conceptual process models. 

2.6.7 Modelling Sentence Contexts: The Missing Component 

As we discussed in the previous sections, various representational models have been proposed 

for modelling scientific articles. These studies have focused on modelling argumentation in 

scientific articles (Buckingham Shum et al., 2000; Groza et al., 2007; Ciccarese et al., 2008), 

model reasons for citations along with bibliographic entities (Shotton, 2010) and define 

specifically bibliographic entities (Darcus and Giasson, 2011). Ontologies focusing on 

argumentation have also included representing citations using bibliographic entities as one of 

their modules (Ciccarese et al., 2008). Though these models are useful resources for modelling 

scientific discourse, it is of less use in the context of our study.  
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The citation context based application proposed in our study requires an ontology that identifies 

contexts for sentences in scientific articles and also define relations between them. For the 

sample paragraph shown in Figure 2-5, the ontology should be able to define various classes that 

represent different meanings of sentences and also appropriate relations that relate different 

sentences. For example, if we are interested in the third citation sentence, the ontology should be 

able to relate the second and the fifth citation sentences in the paragraph as the preceding and 

following citation sentences, respectively for the third sentence. Similarly, it should also relate 

the fourth sentence as the following shortcoming sentence for the third sentence. Besides 

defining these relations the ontology should be able to represent these sentences using different 

classes. However, it is not possible to define such classes and relations using existing 

representational models. In other words, none of these models define contexts or meanings at 

sentence level and provide relations between them. Thus, given this background we decided to 

develop the Sentence Context Ontology for modelling sentence contexts in scientific articles and 

use it as publishing model for creating semantic data. 

2.7 Summary 

We reviewed in this chapter, various studies in the field of designing citation context based 

applications. We began with an investigation of the state of the art of citation based information 

services, we found that none of the existing services provided citation context based information 

services based on a classification of citations and accordingly identified the requirements of such 

a system. The key requirements of such a system included (a) an annotation scheme that 

provided a typology for sentences in scientific articles; (b) automatic classification techniques for 

sentence classification; and (c) a model for representing information at sentence level in 

scientific articles. We carried out an extensive review of existing studies in these areas and 

arrived at the following key observations for our study. 

1. Need for a new set of context type definitions for sentences in scientific articles – 

after reviewing various existing schemes, we found difficulties in using them in the 

context of our study and therefore decided to develop an annotation scheme that would 

suit our needs. 

2. Use sequential classification models for achieving the task of sentence classification 

and features based on terms and citations – after reviewing various classification 
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techniques employed for sentence classification, we decided to consider sentence 

classification as a sequential classification task and use sequential classifiers for 

achieving the task of sentence classification. We also decided to use features based on 

identification of key terms and phrases and citations, for representing sentences. 

3. Develop sentence context ontology for modelling sentence contexts in scientific 

articles – after reviewing the exiting models for representing sentence level information, 

we found difficulties in adopting the existing models for our study. Therefore, we 

decided to develop an ontology for modelling sentence contexts in scientific articles and 

use the model for creating semantic data. 

 

We present in the next chapter, the methodology adopted for achieving these tasks. 
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Chapter 3 Methodology 

 

 

3.1 Introduction 

In Chapter 2, we reviewed various studies in the field of for providing citation context based 

information services. We studied currently available citation related information systems and 

services and observed that none of these systems provide citation context based information 

services based on a classification of citations. We also identified the requirements of applications 

for providing citation context based information services. This included the following (a) 

annotation scheme for sentences in scientific articles; (b) sentence level information extraction; 

(c) automatic classification techniques; and (d) representational models for scientific articles. 

We carried out an extensive review of existing studies in the field of annotation schemes, 

classification techniques and representational models for scientific articles. Based on the review 

of these studies, we discussed the difficulties in using the existing annotation schemes and 

representational models in our study and proposed to use sequential classifiers for sentence 

classification. More specifically, the following are the key tasks identified for our study, in the 

light of the review of existing studies. 

1. Define a new set of context type definitions for sentences in scientific articles 

2. Develop sentence context ontology for modelling sentence contexts in scientific articles. 

3. Use sequential classification models for achieving the task of sentence classification. 

Apart from these tasks, the citation context based application would also require an appropriate 

text extraction and preparation system and a suitable application for providing citation context 

based information services. These requirements of citation context based applications were 

earlier discussed in Chapter 2 (Section 2.3). Thus, apart from the above three tasks identified in 

the light of literature review, our study would include the following two more components. 

4. Develop text preparation system 

5. Develop citation context based applications 
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We explain in this chapter methodology adopted for achieving these tasks, in the order presented 

in this thesis. 

3.2 New Context Types for Sentences in Scientific Articles 

The methodology for defining new context types involved choosing a set of scientific articles as 

our dataset and manually examining sentences in these articles to identify the contexts associated 

with them.  After identifying the initial set of contexts, we created a decision tree for classifying 

sentences in consecutive articles. The decision tree was updated to include newer contexts 

observed in newer articles. The decision tree ensured that all sentences were checked for all 

available contexts and served as a good tool in classifying sentences. For our initial experiments, 

we only considered sentences in related work sections of the article, rather than considering 

sentences in the entire article. 

The contexts identified for sentences in related work sections were then used to conduct further 

experiments, such as developing an ontology for modelling contexts of sentences in related work 

sections, using supervised learning techniques for automatic context identification and 

developing prototype applications. These achievements enabled us to extend our methodology to 

sentences in the full-text of articles.  

During the process of identifying contexts of sentences, we also focused on identifying terms and 

phrases that characterized the contexts of sentences. These terms were used for defining features 

for sentences that were used in the supervised learning experiments for achieving automatic 

context identification. 

Finally, we carried out an inter-rater reliability study for measuring the reliability of users in 

applying our labels. The study involved asking a set of users to classify sentences in scientific 

articles according to our annotation scheme. We calculated inter-rater reliability measures using 

Krippendorf’s Alpha (Krippendorff, 2011) for identifying the inter-rater agreement.  

In Chapter 4, we explain the various context type definitions defined for sentences in related 

work sections and full-text articles following the above methodology. 
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3.3 Sentence Context Ontology 

The second task identified for our study was to develop a sentence context ontology for 

modelling sentence contexts in scientific articles. In order to develop the ontology, we followed 

the Ontology Development 101 method (Noy and McGuinness, 2001), a simple knowledge 

engineering methodology. The ontology was developed in the Web Ontology Language (W3C), 

using the Protégé ontology editor (Noy et al., 2001). We first developed the ontology for related 

work sections using the contexts identified for sentences in such sections and tested the ontology 

by developing a standalone application. After successfully using the ontology, we developed the 

ontology for modelling contexts of sentences in the full article. We explain the Sentence Context 

Ontology in Chapter 5, and demonstrate the use of the ontology to provide citation context based 

services in Chapter 8. 

3.4 Text Preparation System 

The next task in our study was to develop a text preparation system that would provide structured 

information extracted from scientific articles. The text preparation system is required to handle 

different tasks such as (a) obtain reusable content from PDF documents (as scientific articles are 

usually published in this format); (b) sentence segmentation; and (c) feature definition for 

representing sentences. In order to achieve these tasks, we developed various modules using 

Python. The details of the information preparation system are presented in Chapter 6. 

3.5 Sequential Classification Models 

As we described earlier, automatic sentence classification is an important aspect of citation 

context based information applications and in order to achieve this task, we proposed to 

sequential classification models, viewing sentence classification as a sequential learning task. To 

this end, we studied various classifier models and noted that conditional random fields (CRFs) 

perform better that other sequential classification models such as Maximum Entropy Markov 

Models (MEMMs). Thus, we decided to use CRFs in our study. 

We present in Chapter 7, the difference between various sequential models such as Hidden 

Makov Models (HMMs), MEMMs and CRFs, and present the details of the experiments carried 

out using CRFs. In order to conduct our supervised learning experiments with CRFs, we used 
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MALLET, a Java based tool that provided an implementation of sequential models such as 

MEMMs and CRFs (McCallum, 2002).  

As we discussed earlier in Chapter 2, we proposed to use features based on – (a) presence of 

certain kinds of terms and citations; and (b) sentence location. We used regular expressions in 

Python and Java to identify citation expressions and key terms in sentences, and to define 

appropriate features for each sentence. The terms identified for representing different contexts is 

discussed in Chapter 2. In order to define section features, we have proposed a framework that 

splits a scientific article into three ‘blocks’:  introduction, subject and conclusion. The details of 

this framework and the experiments carried out using these features are presented in Chapter 7. 

3.6 Citation Context based Applications 

The final task proposed in our study was to develop citation context based applications using the 

identified context type definitions for sentences, the sentence context ontology and the results of 

the supervised learning experiments. As we discussed in the previous chapter, the currently 

available citation based information services are designed around citation related statistics and 

links between citing and cited articles, and thus fail to exploit the content of citations. In 

addition, applications of scholarly ontologies such as ClaiMaker and ClaimSpotter require heavy 

user involvement to successfully model argumentation. 

Thus, in order to demonstrate the possibility of developing applications using citation contexts, 

we developed different types of applications in our study. These included the following: 

 Standalone Application – to begin with, a standalone application was developed for a 

small dataset of 20 scientific articles, to demonstrate the feasibility of developing such 

applications. 

 Linked Data Application – the techniques of our study were used to develop a linked 

data application involving a larger set of scientific articles. In this application, we 

considered about 355 scientific articles published in the European Semantic Web 

Conference (ESWC) series and developed an application, combining our techniques with 

linked data principles. 
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 Web Application – In order to demonstrate the feasibility of our application on a larger 

scale, we developed web applications for the SpringerOpen and Elsevier Sciverse 

platforms by using their web APIs to access content published by Springer and Science 

Direct, respectively.  

We explain the architecture and services provided by these applications in Chapter 8. 

3.7 Summary 

We presented in this chapter our methodology that we followed for achieving the different tasks 

outlined in this study.  To summarize, we have five major tasks to achieve – (1) develop an 

annotation scheme for defining contexts for sentences in scientific articles; (2) develop sentence 

context ontology for modelling sentence contexts; (3) develop text preparation systems for 

obtaining structured information from unstructured data; (4) conduct supervised learning 

experiments using CRFS for sentence classification; and (5) develop applications for providing 

citation context based information services. The future chapters explain the work carried out for 

achieving each of these tasks. Specifically, we present in Chapter 4 our context type definitions 

for sentences in scientific articles and explain in Chapter 5, the ontology developed for 

modelling these context types. In Chapter 6, we explain our text preparation system and discuss 

the details of supervised learning experiments for sentence classification in Chapter 7. Finally, in 

Chapter 8, we describe the different applications developed for providing citation context based 

information services. 
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Chapter 4 Context Types for Sentences in Scientific Articles 

 

 

4.1 Introduction 

As described in Chapter 1, the goal of this study is to develop an information system to provide 

citation context based information services for the research community. One of the requirements 

of such a system is an annotation scheme that identifies various context types associated with 

sentences. As we discussed in Chapter 2 (Section 2.4.4), none of the existing annotation schemes 

matched our needs, so we defined a set of context types for sentences that could be used to 

provide citation context based information services. In order to achieve this objective, we 

initially considered sentences in related work sections of an article and analyzed them to identify 

contexts associated with those sentences. We developed a framework based on the generic 

rhetorical pattern in these paragraphs and proposed a scheme of 13 categories for classifying 

sentences in related work sections. After successfully working with related work sections, we 

followed a similar approach for identifying contexts of sentences in the full-text article. 

Accordingly, we proposed a framework for modelling sentences and a scheme of 13 categories 

for classifying sentences in the full text of the article. We describe in this chapter the 

methodology followed for identifying context types of sentences in related work sections and 

full-text articles and present the context type definitions proposed in our study.  

4.2 Context Types for Sentences – Our Approach 

The Oxford English Dictionary defines the word “context” as meaning “the parts of something 

written or spoken that immediately precede and follow a word or passage and clarify its 

meaning” (Oxford Dictionary of English, 2010). Thus, the context of a given word can be 

obtained by analyzing its surrounding words. However in the words of the famous economist, 

Alfred Marshall “every word has many shades of meaning, and therefore needs to be interpreted 

by the context” (Marshall, 2009, p. 43). Thus, in order to identify the context of a sentence, we 

may have to consider each word carefully, which is a complex process.  
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A context type for a sentence can be defined by identifying key terms and phrases that contribute 

to defining its context. Knott (1996) observes that a sentence can be represented using different 

linguistic indicators such as cue phrases. As seen in Chapter 2, various studies have successfully 

used cue phrases to represent sentences in scientific articles. It was also noted that studies have 

successfully used terms and phrases to represent sentences. For instance, Zhou et al. (2004) 

identified terms in sentences that referred to biography-related attributes such as bio, fame, 

personality, personal, social, education, nationality, scandal and work, to identify the essence of 

a sentence. Zhang and Liu (2007) studied a combination of keywords and sentence semantic 

features including verb phrases to classify text in emergent disease reports. Hirohata (2008) used 

various words, word bigrams and mixtures of words and word bigrams as features for 

representing sentences. 

Based on this prior work, in order to define the context(s) of a sentence, we adopted a similar 

approach of identifying terms and phrases that contribute to setting the context of the sentence. 

For example, a phrase such as ‘This paper shows’ indicates that the author is referring to the 

results of the paper discussed in the sentence. Similarly a phrase such as ‘limitations of the 

study’ could refer to research gaps of the previous cited work or the current article itself. 

However, there could be exceptions, where in spite of presence of these terms the sentence may 

hold a completely different meaning. Nevertheless, we assume that certain terms and phrases 

play an important role in setting the context of a sentence and that identification of such terms 

and phrases can facilitate in defining context types for sentences. We focus in this chapter on the 

annotation scheme designed for sentences in scientific articles. 

4.2.1 Steps for Identifying Contexts 

To begin with, we classified sentences into two categories – citation sentences and non-citation 

sentences. Citation sentences are those that have a reference to a published or unpublished 

source. Specifically, this is an expression in the sentence that points to an entry in the 

bibliographic references section of the article for the purpose of acknowledging the cited work. 

This expression can either be a numeric expression such as ‘[1]’, ‘[1, 2]’ etc., or author names 

used in the sentence to refer to the cited work. Non-citation sentences are those that do not have 

any such expressions. After distinguishing between these two broad categories, we focused on 

identifying contexts for sentences belonging to the different categories. The progression in 
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defining context types during this study is graphically shown in Figure 4-1. We considered 

sentences as a single atomic unit for our experiments. This implies that each sentence would be 

identified with a specific context type. Another way of identifying contexts can involve the use 

of clauses in sentences as the unit of analysis. For example, in the sentence ‘They analyze the 

effect of MAC 802.11 behavior on the performance of multi-hop chains but do not categorize 

interference patterns that govern network performance in terms of throughput and bandwidth 

utilization’, two clauses can be identified. The first clause ‘They analyze ……multi-hop chains’ 

provides an introduction to the subject and the gaps are identified in the second clause ‘but do 

not ……bandwidth utilization’. The analysis of these clauses can facilitate identification of 

different rhetorical roles. However, we did not follow this approach and solely focused on the 

problem of labeling sentences, considering the aspect of extracting and using clauses as 

altogether a different research task. The use of clauses for context identification can be a straight 

forward technique given a robust method for clause identification.  

 

 

 

 

 

 

  

 

 

Citation Sentences 

Issue Related Cited Work 

Subject Related Cited Work 

Outputs used from Cited Work  

Cited Work Identifies Gaps 

Compare Cited Works 

Cited Work Overcomes Gaps 

Shortcomings in Cited Work 

Results with Related Work 

Cited Work Extends Current Work 

Non-Citation Sentences 

Related Work - Issue 

Subject - Issue  

Related Work Description 

Subject Work Description 

Methodology 

Current Work Outcome 

Future Work 

Current Work Shortcoming 

Related Work Shortcoming 

 

Citation Sentences 

 

Issue Related Cited Work 

Outputs used from Cited Work  

Cited Work Identifies Gaps 

Compare Cited Works 

Cited Work Overcomes Gaps 

Shortcomings in Cited Work 

 

Relating Current Work with    

Cited Work 

Non-Citation Sentences 

 

Issue Sentence 

 

Description Sentence 

 

Background 

Current Work Outcome 

Future Work 
 

Gaps / Problem Statements 

 

Citation Sentences 

Citing Work to describe them  

 

Citing Work to refer to their 

Outcomes 

 
Citing Work to refer to their 

Strengths  

 

Alternative Sentence for 

Cited Work 

 

 
 

 

Non-Citation Sentences 

Background 

Related Work Description 

Related Work Outcome 

Related Work Strength 

Alternative Statements 

Current Work Outcome 

Current Work Shortcomings 

Related Work Shortcomings 

Contrasting Statements 

 

Citation Sentences 

 

Issue Related Cited Work 

Outputs used from Cited Work  

Cited Work Identifies Gaps 

Compare Cited Works 

Cited Work Overcomes Gaps 

Shortcomings in Cited Work 

 

Relating Current Work with    

Cited Work 

Non-Citation Sentences 

 

 
 

Description Sentence 

Background 

Current Work Outcome 

Future Work 

    Identify Problems 

    Solve Problems 

 

Context type definitions 

for related work section 

Initial set of context type 

definitions for full-text 

Revision after 

discussions and 

feedback from reviews 

Revision after pilot inter 

rater study & analysis 

with thesaurus terms 

Total Context Types: 13 

(a) 

Total Context Types: 18 

(b) 

Total Context Types: 13 

(c) 
Total Context Types: 13 

(d) 

Figure 4-1: Progression of Context Type Definitions during our Study 



69 

 

As seen in the first column of Figure 4-1, we initially considered sentences only in the related 

work section of the article and accordingly proposed an annotation scheme involving 13 context 

types. The details of this annotation scheme are presented in Section 4.3. This was later revised 

to consider sentences in the full article resulting in a set of 18 context types as listed in the 

second column of Figure 4-1. However, after discussion and peer reviews (received for our paper 

submission), we revised the annotation scheme to consist of 13 context types (Figure 4-1(c)), 

then refined these 13 categories further after carrying out a pilot inter rater reliability study 

(Figure 4-1(d)). The annotation scheme for the full text of articles is presented in Section 4.4. 

4.3 Context Types for Sentences in Related Work Sections 

The related work section of a research article presents information about research that is prior 

and related to the research work presented in the article.  It records previous research and thus 

generally contains the largest number of citations. As we saw in Chapter 2, authors use citations 

for various reasons and identifying these reasons has received significant research attention.  

Thus, analysis of sentences with citations in related work sections can provide good insights into 

the context types associated particularly with citation sentences. In addition, analysis of the non-

citation sentences that precede or follow a citation sentence can help to identify context types for 

non-citation sentences and their relationship to citation sentences. With this motivation, we chose 

to analyze sentences in related work sections of an article as our initial task.  

4.3.1 Dataset for Related Work Sections 

In order to identify context types for sentences in related work sections, we chose a set of 20 

articles from the Lecture Notes in Computer Science18 (LNCS) collection at springerlink.com19. 

The related work section of each of these articles was extracted, yielding a dataset of 20 articles 

with a total of 1063 sentences. We used this dataset to define context types for sentences in 

related work sections. 

                                                 
18 The use of Lecture Notes in Computer Science (LNCS) papers provided a standard format for citations, where reference to 

cited works are made using square brackets and consecutive numbers such as: [1], [2], [3]. This facilitated easy identification of 

citation sentences as against the use of author-date style. Further, the standard format was also useful in identifying different 

elements in cited works such as title, author, journal or conference proceedings title. The LNCS articles used for developing the 

training data for sentences in related work sections of the article is provided in Appendix 5-1. 

19 http://www.springerlink.com 
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4.3.2 Context Type Definitions for Sentences in Related Work Sections 

Following our approach and the steps described in Section 4.2, we manually analyzed each 

sentence in the related work section dataset and developed the annotation scheme shown in 

Figure 4-2. As seen in Figure 4-2, sentences are initially identified as citation sentences or non-

citation sentences. With respect to non-citation sentences, we define four types of sentences:  

background, research gap, descriptive, and result sentences. For citation sentences, we identify 

different context types that could be associated with a citation. We present in the following 

sections the definitions of these context types along with example sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Context Type Definitions for Non-Citation Sentences in Related Work Sections 

Background Sentences – These are sentences used by the author to provide background or 

introduction to a research issue. These sentences usually appear at the beginning of paragraphs. 

We identify the following context types for background sentences.  

Figure 4-2: Annotation scheme for Sentences in Related Work Section 
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 Background (BG) – The sentence provides background or an introduction to a research 

issue. The following is an example sentence of a background sentence, providing an 

introduction to an issue.  

 

 

 

Research Gap Sentences – These are sentences that refer to shortcomings or research gaps. 

These sentences generally follow a citation sentence and thus refer to shortcomings in the work 

just cited. Shortcomings or gaps can also be identified in research issues raised by the author. We 

identify the following two context types for research gap sentences. 

 

 Related Work Shortcomings (RWSC) – The sentence identifies shortcomings or 

research gaps in either earlier cited works or stated research issues. In the following 

example, the second sentence identifies gaps in the work cited earlier in the first sentence. 

 

 

 

 

In the next example, the second sentence identifies a shortcoming with the issue raised in 

the first sentence. 

 

 

 

 

 Contrasting Work for a Cited Work (CWOW) – The sentence provides a contrasting 

statement to the work(s) cited earlier in the preceding sentences or elsewhere in the 

article. An example of such a sentence is provided below. 

 

 

 

 

Several researchers have been studying the behaviour of chains in MHWNs. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

Li et al. examine the performance of chains as the number of hops are increased and study the 

effect of cross-interference between chains [5]. They analyze the effect of MAC 802.11 behavior 

on the performance of multi-hop chains but do not categorize interference patterns that govern 

network performance in terms of throughput and bandwidth utilization. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

 

The case of omnidirectional antennas has been extensively studied. More precisely, when a node 

v transmits, any node at distance at most dI ≥ dT of v cannot receive a message from another 

node than v during the same step. 
 

Source: Bermond et al. (2009) – Appendix 5-3 

In contrast to the previous studies, we explore how the features (scoring methods) may be 

improved, so that those ranking techniques that employ the features may be improved as well. 
 

Source: Liu and Lin (2009 – Appendix 5-3 
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Descriptive Sentences –These are sentences that generally follow citation sentences or research 

gap sentences and are used to further describe the previously mentioned issues. The following 

context types are identified for descriptive sentences. 

 

 Related Work Description (RWD) – The sentence further describes a work cited 

earlier. In the example provided below, the second and the third sentences further 

describe the work cited in the first sentence. 

 

 

 

 

 

 Related Work Outcome (RWO) – The sentence further describes the outcome of a 

work cited earlier. In the example below, the second sentence further describes the 

outcome of the work cited in the first sentence. 

 

 

 

 
 

 Related Work Strength (RWS) – The sentence further describes the strengths of a work 

cited earlier. In the example below, the second sentence describes the strength of the 

work cited in the first sentence.  

 

 

 

 
 

 Alternative Sentence for a Cited Work (ASRW) – The sentence describes an 

alternative option for a cited work. In the example below, the second sentence provides 

an alternative aspect to the work cited in the first sentence. 

 

 

Karn [6] uses a sender to specify its transmission power in the RTS, and the receiver to set the 

desired transmission power in the CTS. The receiver determines the transmission power based 

on the required signal-to-noise ratio. The data and ACK packets are then transmitted at the 

power indicated in the CTS rather than at maximum power. 
 

Source: Cui and Syrotiuk (2009) – Appendix 5-3 

 

Razak et al. have studied the effect of MAC interactions on single chains under saturated UDP 

traffic [1]. They develop a systematic methodology for determining the types of interaction that 

are possible in chains of 3 and 4 hops and the study the effect of these interactions on chain 

performance. 
 

Source: Majeed et al. (2009 – Appendix 5-3) 

Massih-Reza Amini et al, [6] assume that an unlabeled instance that is similar to a labeled 

instance should have similar label, and introduce the instance to the training set. The 

experimental results show it can improve the ranking result. 
 

Source: Lin et al. (2009) – Appendix 5-3 

Liu et al. [4] propose a cooperative MAC protocol for wireless local area networks. If the direct 

path between a source and destination has a low signal to-noise ratio, then using an intermediate 

cooperating node that relays the packet may be effective. 
 

Source: Cui and Syrotiuk (2009) – Appendix 5-3 
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Result Sentences – These are sentences that refer to the current work and the following context 

types are defined for such types of sentences. 

 

 Current Work Outcome (CWO) – The sentence describes the outcomes of the current 

article. An example of a current work outcome sentence is provided below. 

 

 

 

 

 Current Work Shortcoming (CWSC) – The sentence describes the shortcomings of the 

current article. An example of current work shortcoming sentence is provided below. 

 

 

 

 

 

 

Context Type Definitions for Citation Sentences in Related Work Sections 

The following context types are defined for citation sentences, based on the various reasons for 

citing a work.  

 Related Work Description (RWD_CS) – The sentence describes the work cited in the 

sentence. The following is an example of such a citation sentence. 

 

 

 

 

 Related Work Outcome (RWO_CS) – The sentence refers to the outcome of the work 

cited in the sentence. An example of such a citation sentence is provided below. 

 

 

 

The limitations of our evaluation include the following…. 
 

Source: Murakami et al. (2009) – Appendix 5-3 

 

Since our evaluation is limited to Japanese, the proposed heuristics should be adjusted to other 

languages. 
 

Source: Murakami et al. (2009) – Appendix 5-3 

 

Ping et al. present a hop by hop analysis of a multi-hop chain, study the impact of hidden 

terminals on the throughput chains, and present a quantitative approach towards estimating this 

throughput [6]. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

Building on their work, Neumayer and Rauber [14] achieved higher classification accuracy 

using lyric features than audio ones, and the combination of lyric and audio features gave the 

best results. 
 

Source: Ring and Uitdenbogerd (2009) – Appendix 5-3 

In this paper, we show that even within 3 and 4 hop chains, there is throughput degradation of 

around 25% based on the type of interactions between links of the chain. 
 

Source: Majeed et al. (2009) – Appendix 5-3 
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 Related Work Strength (RWS_CS) – The sentence refers to the strength or value of the 

work cited in the sentence. An example of such a citation sentence is provided below. 

 

 

 

 

 Alternate Sentence for a Cited Work (ASRW_CS) – The sentence cites an alternative 

approach to a work cited earlier in the paragraph or article. In the example below, the 

second sentence cites an alternative approach to that cited in the first sentence. 

 

 

 

 

4.3.2 Framework for Modelling Sentences in Related Work Sections 

The analysis of sentences in related work sections facilitated identification of a generic rhetorical 

pattern in these paragraphs, which is shown in Figure 4-3. The related work sections in the 

dataset usually began with a background sentence that provided background information or 

introduction to the related research work. This was followed by citation sentences that either 

simply described certain aspects of the cited work(s) or referred to the outcomes or strengths of 

the cited work(s). These citation sentences were usually followed by a set of sentences that 

further described or mentioned the outcomes or strengths of the work cited earlier. It was also 

noticed that after citing a specific work, authors were generally inclined to identify shortcomings 

or gaps in the cited work. These were generally non-citation sentences. After identifying 

shortcomings or gaps, authors often referred to other cited works that provided an alternative 

way to solve the identified shortcomings. 

It was also seen that citation sentences sometimes followed the previous citation sentences. In 

such cases, the work cited in the following citation sentences either pointed out similar issues in 

the related research area, identified shortcomings or gaps, or contrasted the results of the earlier 

cited works. The related work sections generally ended with a description of the outcomes of the 

current work. Shortcomings of the current work were sometimes also mentioned. 

In his following work [7], he refined the system and improved the performance by considering 

the temporal and comment information and enhancing the quality measure according to the 

query dependent context. 
 

Source: Qiu et al. (2009) – Appendix 5-3 

Another approach to alleviate the problem of noises in training documents is to build relevance 

model on passages (usually windows of text) instead of the whole documents (Liu et al. [11]). 
 

Source: Ha-Thuc (2009) – Appendix 5-3 
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It needs to be noted that it is not expected that the above identified pattern is rigidly followed in 

related work sections across all papers. The style varies across papers in accordance with the 

writing style of authors. This generic pattern was obtained after studying a series of related work 

section in different papers with the objective of creating an annotation scheme for sentences in 

these sections that could be used to provide citation context based information services. 

 

 

 

 

 

 

 

 

 

 

4.3.3 Decision Tree for Sentences in Related Work Sections 

The process of analyzing sentences resulted in the development of the decision tree shown in 

Figure 4-4, which comprises a set of questions for identifying the context that could be 

associated with sentences. The decision tree served as a tool for classifying new sentences. 

4.3.4 Identifying Terms in Sentences of Related Work Sections 

While identifying the context types of sentences, we also focused on identifying terms and 

phrases that contributed to defining the contexts of those sentences. The objective was to use 

these terms and phrases to define features for carrying out supervised machine learning 

experiments. The details of defining these term features are provided in Chapter 7 (Section 7.3). 

Accordingly, we defined ten categories of terms that contributed to defining the context of 
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sentences. Table 4-1 provides the details of the ten categories along with example terms for each 

of the categories. The list of terms identified for each of these categories is provided in Appendix 

2-1. The procedure of identifying terms based on categories of terms we identified and 

classifying according to the scheme discussed above is shown in Appendix1-1. 
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Table 4-1: Categories of Terms and Phrases for Sentences in the Related Work Sections 
 

 Category Description Example Terms No. of Terms* 

1.  Background 

Terms (BGT 

Terms describing the 

background context 

Several researchers, 

Recent studies 

47 

2.  Subject of 

Inquiry Terms 

(SOI) 

Reporting verbs which 

describe something 

examine,  propose, 

demonstrate 

230 

3.  Outcome Terms 

(OCT) 

Reporting verbs that refer to 

an outcome 

develop, show 6 

4.  Strength Terms 

(STH) 

Reporting verbs that refer to 

a strength 

Improve 9 

5.  Shortcomings 

Terms (SCT) 

Terms that denote gaps in 

related work 

Notwithstanding, does 

not, Despite this 

improvement  

44 

6.  Subjective 

Pronouns (SPN) 

Subjective terms that refer to 

related work 

They, These 

The authors 

20 

7.  Words of Stress 

(WOS) 

Terms used to stress a point 

of view  

Hence, Furthermore, 

Therefore,  

In addition, 

10 

8.  Alternate 

Approach Terms 

(AAT) 

Terms used to refer to 

alternate approaches 

different, instead, 

alternative 

8 

9.  Result Terms 

(RES) 

Terms that refer to the 

outcome of the current work 

We show, our work 

shows 

13 

10.  Contrasting 

Terms (CON) 

Terms used to make 

contrasting statements for  a 

given work 

In contrast, differs from 

that of 

3 

* Dataset of 20 articles 

4.4 Contexts for Sentences in Full-Text of Articles 

After analyzing and identifying context types for sentences in related work sections, we 

considered sentences appearing in the full-text article. 

4.4.1 Dataset for Analyzing Full-Text of Articles 

In order to analyze the full text of articles, we created a dataset of 1000 paragraphs with citation 

sentences, which was extracted from 71 LNCS papers20. We identify this dataset in this thesis as 

‘full-text dataset’.  The full-text dataset had a total of 4307 sentences, including 1274 citation 

                                                 
20 The LNCS articles used for developing the training data for sentences in full text of the article is provided in Appendix 5-2. 
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sentences and 3031 non-citation sentences. The articles were chosen from the Lecture Notes in 

Computer Science (LNCS) series published by Springer and accessed according to the terms of 

our institution (subscription to SpringerLink.com). 

The reason for considering only paragraphs with citations was in line with the objective of our 

study: to design citation context based information services. Such services require text in which 

citations appear in the article. Thus, we considered only those paragraphs with citations for 

identifying context types of sentences. However, the classifier model developed using this 

dataset can also be used to identify context types of sentences for paragraphs without citations.  

4.4.2 Context Types for Sentences in Full Text of Article 

The context types of sentences in the full text of articles were derived based on the 

argumentative nature of scientific articles. To this end, we used the Toulmin model of argument 

(Toulmin, S., 1958) to sketch the argumentation pattern in scientific articles, from which we 

derived the context types as explained in the following section. 

Toulmin Model of Argument 

The Toulmin model asserts that most arguments can be modeled using six elements: claim, data, 

warrant, qualifier, rebuttal and backing. The first three are considered as essential components 

and last three as additional components of an argument. These elements are briefly described 

below. A schematic representation of the Toulmin model of argument is shown in Figure 4-5. 

1. Claim – a claim is the main point of an argument. This is also referred to as a thesis, 

proposition or conclusion. 

2. Data – data provide the evidence and factual information for supporting the claim. This is 

also referred to as grounds or support. 

3. Warrant – warrant forms the key of the argument process and provides the reasoning and 

the thinking process that binds the data to the claim. 

4. Qualifier – statements that characterize how strong the claim is. 

5. Rebuttal – exceptions to the claim made in the argument, that is, situations where the 

claim may fail. 

6. Backing – backing provides additional support to the warrant. 
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Application of Toulmin Model for Scientific Articles 

We examined the application of the Toulmin model to model the persuasive characteristics of 

scientific articles and accordingly proposed an argumentation framework for scientific articles 

based on the Toulmin model. This framework is shown in Figure 4-6. We explain below the key 

elements of the Toulmin model with respect to scientific articles in particular. 

 

 

 

 

 

 

 

 

 

A Claim in the Toulmin model refers to the proposition or conclusion of an argument. With 

respect to a scientific article, claim therefore refers to the statements that describe the outcomes 

or the results of the article (block indicated by  in Figure 4-6). In other words, these are the 

statements that refer to the problems solved by the article. 
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Figure 4-6: Argumentation Framework for Scientific Articles based on the 
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The Data in the Toulmin model refers to the factual information that supports the claim. With 

respect to a scientific article, these are the research findings that are used to substantiate the 

claim, i.e., the results or outcomes of the article. 

A Rebuttal in the Toulmin model refers to exceptions to the claim. In a scientific article, these 

are the statements that refer to the shortcomings or gaps of the article (block indicated by  in 

Figure 4-6). These are situations where the results of the article may not hold or the areas that the 

article has not solved. The rebuttal statements also result in statements that refer to future work 

arising from the article (block indicated by  in Figure 4-6). 

A Warrant in the Toulmin model forms the key of the argument process and provides the 

reasoning and the thinking process that binds the data to the claim. With respect to a scientific 

article, a warrant plays a crucial role as it is this reasoning aspect that is responsible for making 

the article presentable. These are specifically a set of sentences that relate data and claims for 

making the article presentable. They also connect rebuttal sentences for making the argument 

clear. The dotted lines in Figure 4-6, surrounding the blocks of data, claim and rebuttal type 

sentences, indicates this aspect of warrants, bringing together the different components of the 

article. Creating a good warrant in scientific articles also involves effective use of citations and 

thus, the use of citations could be considered as a part of the warrant. However, we consider 

citations as backing as explained next. 

The Backing in the Toulmin model refers to aspects that provide additional support to the 

warrant. With respect to a scientific article, citations are primarily used in this role, and the use 

of citations helps to develop the argument presented in the article. Citations can also be 

considered as warrants themselves as they also contribute to the reasoning process for linking 

data and the claim. However we exclude the use of citations as a separate component other than 

warrant, for studying how citations are used to support the warrant or develop the argument of 

the paper. 

Persuasive Nature of Citations 

An important characteristic of a scientific article is its persuasive nature, and citations play an 

important role in developing this feature for an article. Gilbert (1977) viewed scientific papers as 
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‘tools of persuasion’ and noted that references increase the persuasiveness of a scientific paper. 

Brooks (1985) surveyed authors to assess their motivations for citing and concluded that 

persuasiveness was a major motivating factor. In another study, Brooks (1986) further confirmed 

his findings with a different survey, concluding that persuasiveness was the dominant reason for 

citing. Cozzens (1989) observed that the primary function of a document is to persuasively argue 

about a knowledge claim, and noted that the art of writing scientific papers consists of 

marshalling the available rhetorical resources such as citations to achieve this goal. Hyland 

(2002) observed that arguments in research articles required procedural and citation support. 

Thus, it is evident that scientific papers have persuasive characteristics and citations are used for 

many different reasons to persuade the reader. In order to identify the components involved in 

persuasion, we use the well-known Toulmin model of argument (Toulmin, S., 1958).  

Context Types based on Argumentation Model 

We presented in the previous section an argumentation framework for scientific articles based on 

the Toulmin model of argument. We discussed how citations can be used as a backing for 

supporting the ideas presented in the paper. Further, we also noted upon the persuasive nature of 

citations. The analysis of citation sentences in our dataset from a persuasive point of view 

facilitated identification of the following context types for citation sentences. 

Context Types for Citation Sentences 

1. Citing works to identify gaps or problems – authors cite works that identify gaps to 

inform the reader about the existence of a problem. 

2. Citing works that overcome gaps or problems – authors cite works to inform the reader 

that other researchers are working on a similar problem and that they have solved some 

of the identified problems. 

3. Using outputs from cited works – authors cite works to inform the reader about their 

outputs such as a methodology or training dataset, especially when these are used in the 

author’s research. 

4. Citing works for comparison – authors cite various related works and provide a 

comparison to bolster their argument. 
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5. Citing works to relate current work results – authors cite works to relate their research 

results with the cited work. 

6. Citing works that have shortcomings or gaps – authors cite works as they identify 

shortcomings or gaps in them. 

7. Citing works to point out research issues – authors cite works to inform readers about 

related research issues. 

Context Types for Non-Citation Sentences 

Similarly we analyzed the surrounding non-citation sentences and accordingly identified the 

following types of non-citation sentences: 

1. Sentences that provide background or introduction to the reader. 

2. Sentences that identify gaps or problems.  It was observed that authors identify gaps or 

problems in different ways. For example, authors identified gaps in the work cited earlier 

in the article, or related research issues addressed in the article, or could also mention the 

shortcomings of the current article itself. 

3. Sentences that refer to author viewpoints. We refer to these sentences as issue sentences 

since these are the issues or the points raised by the author. 

4. Sentences that refer to the outcomes of the current research (the work being reported). 

5. Sentences that refer to future work resulting from the current research. 

6. Sentences that are descriptive in nature. For example, authors can further describe a work 

cited earlier.  

Thus, following this approach, we developed the annotation scheme shown in Figure 4-7 for 

sentences in full text of articles. As seen in Figure 4-7, sentences are broadly classified as 

citation sentences or non-citation sentences. With respect to non-citation sentences, we define six 

different context types that could be associated with them. However, with respect to citation 

sentences, we define a hierarchy of context types for sentence. We define at the top level of the 

hierarchy the class of IRCW (Issue Related Cited Work). Thus, if a citation sentence cannot be 

classified into any other class, it will have the class of IRCW. This implies that a citation in the 

article is made for some issue other than the context types defined in our annotation scheme. We 

identify six context types for citation sentences as subclasses of IRCW. The annotation scheme 
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presented here is the final version shown in Figure 4-1(d). The progression of context types for 

sentences in full-text article (Figure 4-1(b) to Figure 4-1(d)) is explained in Section 4.2.1, where 

we discuss the inter-rater reliability study carried out to measure the reliability of coders using 

this scheme. We present in the following sections, the definitions of these context types along 

with example sentences. 

 

 

 

 

 

 

 

 

 

Context Type Definitions for Non-Citation Sentences in Full Text of Articles 

Based on the ideas discussed above, we define the following context types for non-citation 

sentences.  

 Background (BGR) – The sentence provides a background statement. These sentences 

usually appear at the beginning of a paragraph and are used to provide a background or 

an introduction to a research issue. Example sentences belonging to this class are: 

 

 

 

 

 

Several researchers have been studying the behavior of chains in MHWNs. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

 

Finding information about people on the Web is one of the most popular search activities. 
 

Source: Murakami et al. (2009) – Appendix 5-3 

Sentences 

Citation Sentences Non-Citation Sentences 

IRCW 

CWIG CWOG OUCW 

CCW RWCW SCCW 

BGR GAPS DES 

CWO CWSC ISSUE 

Figure 4-7: Annotation scheme for Sentences in Full Text of Articles 
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 Gaps (GAPS) – The sentence refers to gaps in general. Gap statements can occur in the 

paragraph at various locations. The term ‘gaps’ is used with a general meaning and can 

refer to various aspects such as problems, limitations or shortcomings. For instance, gaps 

can be identified in research issues being addressed, or a gap sentence can follow a 

citation sentence to identify gaps in the cited work. Gaps can also be identified in the 

current work itself. In the example below, the second and third sentences identify gaps in 

the work cited in the first sentence. 

 

 

 

 

 

 Issues (ISSUE) – The sentence refers to issues identified or raised by the author. Issue 

statements can be made by authors at different times. For example, they can follow a 

background statement, a citation sentence or a gap sentence, and highlight issues in 

related research, the cited work or the identified gaps, respectively. Paragraphs can also 

start with issues as an introductory note. The following is an example where an issue 

sentence follows a background sentence: 

 

 

 

 

 

 

 

 

The following is an example where an issue sentence follows a citation sentence: 

 

 

 

 

In the following example, the issue sentence follows a gaps statement: 

 

 

 

 

Quality of Service (QoS) provisioning has become important in WMNs for the support of 

multimedia applications such as Voice over IP (VoIP) and Video. In this context, path selection 

plays a key role. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

With regards to TCP, Xu et al study the behavior of TCP Tahoe, Reno, Sack and Vegas over a 

chain [3]. They only analyze the performance of TCP over a chain where each hop is 200 meters. 

According to our findings this type of chain accounts for 8.5% of chains that occur; over 90% of 

the chains that occur are not studied, neither is the performance of TCP over those chains. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

Liu et al [4] propose a cooperative MAC protocol for wireless local area networks. If the direct 

path between a source and destination has a low signalto- noise ratio, then using an intermediate 

cooperating node that relays the packet may be effective. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

The collisions caused by these interactions significantly affect chain behavior. Therefore, 

understanding these interactions and their impact on chain performance is an essential first step 

towards predicting behavior of MHWNs and the performance of protocols running over these 

networks. 
 

Source: Majeed et al. (2009) – Appendix 5-3 
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Finally, the following sentence is the first sentence of the paragraph and an example of 

the paragraph starting with an issue sentence. 
 

 

 

 

 

 Description (DES) – The sentence is descriptive in nature, and follows a citation, 

background or issue sentence in order to further describe it. Sentences that describe 

methodology are also considered as description sentences. The example below shows a 

description sentence following a citation sentence. 

 

 

 

 

 

 The example below shows a description sentence following a gap sentence: 

 

 

 

 

 

 This example shows a description sentence following a background sentence 

 

 

 

 

 Finally, this is an example of a description sentence following an issue sentence: 

 

 

 

 

 Current Work Outcome (CWO) – The sentence refers to the results reported in the 

current article. Two examples of current work outcome sentences are: 

In multi-hop wireless networks, two interfering links can interact in several different ways. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

Wireless Mesh Networks (WMNs) are multi-hop wireless networks with self-organization 

capability that provide low cost solutions for ubiquitous Internet access. WMNs comprise Mesh 

Clients (MCs), Mesh Routers (MRs) and Mesh Gateways (MGs). 
 

Source: Borges et al. (2009) – Appendix 5-3 

Figure 4(b) shows that this unfairness causes the collision drops for TCP traffic at Hop1 for the 

SC/SC/SHAC chain to be significantly higher than the other two types of chains. This translates 

to a high retransmission overhead as depicted in Figure 4(a). 
 

Source: Majeed et al. (2009) – Appendix 5-3 

Razak et al have studied the effect of MAC interactions on single chains under saturated UDP 

traffic [1]. They develop a systematic methodology for determining the types of interaction that 

are possible in chains of 3 and 4 hops and the study the effect of these interactions on chain 

performance. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

Furthermore, in some cases, even if the throughput is not affected by these interactions, 

inefficient chains require a significantly higher number of MAC transmissions to achieve the 

same throughput. These retransmissions keep the medium busy and degrades throughput of the 

network. 
 

Source: Majeed et al. (2009) – Appendix 5-3 
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 Future Work (FW) – The sentence refers to the future work proposed in the current 

article. Example sentences representing future work is provided below. 

 

 

 

 

Context Types for Citation Sentences in Full Text of Articles 

The following context types for citation sentences are defined based on the reasons for citing a 

work in the current article. 

 Cited Work Identifies Gaps (CWIG) – The sentence uses cited work(s) to identify 

gaps21. Examples of such sentences are: 

 

 

 

 

 

 

 Cited Work Overcomes Gaps (CWOG) – The sentence discusses how the cited work(s) 

overcomes the identified gaps. Examples of such sentences are: 

 

 

 

 

 

 

                                                 
21 The terms ‘gaps’ used in the definition of context types has a general meaning and is used to refer to different aspects such as 

problems or shortcomings or limitations. 

For future work, we plan to extend our analysis to larger n-hop chains. 
 

There are still several technical issues which need to be addressed as future work. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

As we will show in this paper, the types of interactions within chain have a substantial effect on 

the performance of a network under TCP traffic. 

 

Based on the observed interactions, we have proposed a ranking of the chains in a MHWN. 
 

Source: Majeed et al. (2009) – Appendix 5-3 

They demonstrate that TCP traffic in a chain has instability problems that degrade chain 

throughput [3]. 

Source: Majeed et al. (2009) – Appendix 5-3 
 

For example, it has long been known that node mobility causes unicast routing protocols to 

perform poorly, as shown in [18][28]. 

Source: Hasslinger and Kunz (2009) – Appendix 5-3 

 

Jung and Vaidya [7] improve this scheme by periodically increasing the transmission power of 

the data packet to the maximum power to ensure proper reception of the ACK. 
 

Source: Cui and Syrotiuk (2009) – Appendix 5-3 
 

In addition, MRs can employ Multi-Channel Multiple-Radio (MCMR) capability [1, 2] to achieve 

an improved performance. 
 

Source: Borges et al. (2009) – Appendix 5-3 
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 Uses Outputs from Cited Works (UOCW) – The sentence refers to using outputs of the 

cited work(s) in the work reported in the current article. Example of such sentences are: 

 

 

 

 

 

 Results with Cited Work (RWCW) – The sentence relates the work of the current 

article with cited work(s). Examples of such sentences are: 

 

 

 

 

 

 

 Compare Works of Cited Work (CCW) – The sentence compares different cited 

works. Examples of such citation sentences are provided below. 

 

 

 

 

 

 

 Shortcomings in Cited Work (SCCW) – The sentence refers to shortcomings or 

limitations of the cited work(s). Examples of such sentences are: 

 

 

 

 

 

 

 

For routing, we use our implementation of NADV [10], which uses a greedy protocol to pick best 

next hop at each node. 

Source: Volume 5793 – Appendix 5-3 
 

These metrics were implemented in the OLSR protocol using the NS-2 simulator version 2.31 

[23]. 

Source: Borges et al. (2009) – Appendix 5-3 

In this work, we compare performance of linking analysis algorithm on different graph using the 

approach in [8]. 

Source: Yu et al. (2009) – Appendix 5-3 
 

 

We have implemented our approach as a (preliminary) plug-in for Protégé3 that enhances the 

OBDA plug-in [16]. 
 

Source: Lubyte and Tessaris (2009) – Appendix 5-3 

The search by flooding and random walks in P2P networks has been compared and evaluated in 

simulation studies [3][10][11][14][24]. 

Source: Hasslinger and Kunz (2009) – Appendix 5-3  

 

Such approaches include [2] (which we used in our comparison in section 4.2) and [3, 4, 5]. 
 

Source: Sipos et al. (2009) – Appendix 5-3 

Zhang et al [16] used a dictionary to translate Japanese words into English (it is unclear 

whether this translation process is manual or automated) before carrying out the matching 

process using RiMOM. 

 

Source: Fu and O’sullivan (2009) – Appendix 5-3 
 

Furthermore, WCETT is not isotonic and consequently prevents the use of an efficient loop free 

routing algorithm to compute minimum weight paths [14]. 
 

Source: Borges et al. (2009) – Appendix 5-3 
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 Issue Related Cited Work (IRCW) - The sentence cites other work(s) for other reasons, 

such as issues in research topics and subject areas discussed in the current paper. 

Examples of such sentences are: 

 

 

 

4.4.3 Framework for Modelling Contexts in Full Text of Articles 

The analysis of sentences also facilitated the development of a framework for modelling 

sentence contexts in paragraphs with citations. In order to do so, we needed some way to 

segment an article based on its citations. Nanba and Okumura (1999) defined “reference areas” 

as fragments of a paper where the author describes the essence of the cited paper and the 

difference between his paper and the cited paper. Thus, a reference area would include at least 

three components: (a) describing the cited work, (b) identifying gaps in the cited work and (c) 

mentioning how the current work overcomes the gaps in the cited work. These could be 

mentioned in either a single sentence or can span two or more sentences.  

This concept of reference areas does not, however, cover all citations in an article. There may be 

many instances where the typical pattern of a citation followed by identification of differences 

between the cited and the current paper may be absent. For example, cited works may simply be 

used to refer to research issues or gaps related to an article and there may not be any mention of 

how the current article differs from the cited article. 

In our study, we needed to consider all citations in an article, so reference areas were 

insufficient. We therefore defined the concept of ‘citation area’ to consider all citations in the 

article, irrespective of their use. A citation area is defined as a fragment that comprises a citation 

sentence, the immediately preceding and following citation sentences and any non-citation 

sentences that appear between them. In cases where there is no immediately preceding or 

following citation sentence, then the citation sentence and its preceding and following non-

Researchers have studied the performance of uni-directional flows [1, 2] as well as bi-

directional flows (TCP) [3] over MHWNs. 

Source: Majeed et al. (2009) – Appendix 5-3 
 

 

A cooperative asynchronous multi-channel MAC (CAM-MAC) protocol is proposed by Luo et al 

[5]. 
 

Source: Cui and Syrotiuk (2009) – Appendix 5-3 
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citation sentences, as appropriate. The concept of citation area is graphically shown in        

Figure 4-8.  

 

 

 

 

 

 

 

At a minimum, a citation area can comprise a single citation sentence with no preceding or 

following sentences, that is, where a single citation sentence makes up an entire paragraph. The 

definition of citation areas facilitates viewing a paragraph with citations as a set of citation areas. 

For example, the paragraph shown on the left in Figure 4-9 contains the citation sentences that 

are highlighted. From these, we can identify the three citation areas shown on the right in Figure 

4-9.  

Possible Patterns in Citation Areas 

We describe in this section, various patterns that could be seen in citation areas. As seen in 

previous section, various patterns can exist in citation areas and therefore, to represent these 

patterns, we propose the framework shown in Figure 4-10.  These are examples of patterns that 

we observed in our dataset. We do not claim that this is an exclusive list of all possible patterns 

in citation areas. However, these are some of the commonly occurring patterns in citation areas. 

We explain below, the identified patterns. 

Pattern 1 – The pattern identified by label  indicates a complete pattern that includes all types 

of sentences that can be identified in a citation area. As can be seen, the citation sentence in 

question can be identified at the center, surrounded by preceding and following citation and non-

citation sentences with different contexts explained in Section 4.4.2.  

Preceding Citation Sentence (if any) 

Following Citation Sentence (if any) 

Citation Sentence (if any) 

Preceding zero or more non-citation sentences 

Following zero or more non-citation sentences 

Figure 4-8: Citation Area in Scientific Articles 
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Pattern 2 – a citation area can contain a single citation sentence. In such cases, these are 

paragraphs with a single citation sentence. Such a pattern as identified by label  in Figure 1. 

The individual citation sentence can have any of the contexts defined for citation sentences 

earlier in Section 4.4.2.  

Pattern 3 – Another pattern seen in citation areas is indicated by label . The passage begins 

with non-citation sentences and is followed by sentences with citations with one of the contexts 

defined in Section 4.4.2. 

Sample Paragraph 

 

There is a large amount of literature 

addressing the problem of automated 

composition of web services. However, 

most of the approaches address 

composition at the functional level 

(see, e.g. [12, 4]), and much less 

emphasis has been devoted to the 

problem of process-level composition. 

Different planning approaches have 

been proposed to address the problem 

of on-the-fly composition, from HTNs 

[17] to regression planning based on 

extensions of PDDL, to STRIPS-like 

planning for composing services 

described in DAML-S [15]. However, 

none of these techniques addresses the 

problem of composing web services 

with conditional outputs, non-nominal 

outcomes, and with process models 

describing interaction protocols that 

include conditional and iterative steps. 

In [8, 11, 7], the authors propose an 

approach to the automated composition 

of web services based on a translation 

of DAML-S to situation calculus and 

Petri Nets. Also in these papers, 

however, the automated composition is 

limited to sequential composition of 

atomic services, and composition 

requirements are limited to reachability 

conditions.  

 

Source: Pistore et al., 2005 

 

Citation Area 1 (Sentences 1, 2, and 3) 

 

There is a large amount of literature addressing the problem of automated 

composition of web services. However, most of the approaches address 

composition at the functional level (see, e.g. [12, 4]), and much less emphasis 

has been devoted to the problem of process-level composition. Different 

planning approaches have been proposed to address the problem of on-the-fly 

composition, from HTNs [17] to regression planning based on extensions of 

PDDL, to STRIPS-like planning for composing services described in DAML-S 

[15].  

 

Citation Area 2 (Sentences 2, 3, and 5) 

 

However, most of the approaches address composition at the functional level 

(see, e.g. [12, 4]), and much less emphasis has been devoted to the problem of 

process-level composition. Different planning approaches have been proposed to 

address the problem of on-the-fly composition, from HTNs [17] to regression 

planning based on extensions of PDDL, to STRIPS-like planning for composing 

services described in DAML-S [15]. However, none of these techniques 

addresses the problem of composing web services with conditional outputs, non-

nominal outcomes, and with process models describing interaction protocols that 

include conditional and iterative steps. In [8, 11, 7], the authors propose an 

approach to the automated composition of web services based on a translation of 

DAML-S to situation calculus and Petri Nets. 

 

Citation Area 3 (Sentences 3, 4, 5, and 6) 

 

Different planning approaches have been proposed to address the problem of on-

the-fly composition, from HTNs [17] to regression planning based on extensions 

of PDDL, to STRIPS-like planning for composing services described in DAML-

S [15].However, none of these techniques addresses the problem of composing 

web services with conditional outputs, non-nominal outcomes, and with process 

models describing interaction protocols that include conditional and iterative 

steps. In [8, 11, 7], the authors propose an approach to the automated 

composition of web services based on a translation of DAML-S to situation 

calculus and Petri Nets. Also in these papers, however, the automated 

composition is limited to sequential composition of atomic services, and 

composition requirements are limited to reachability conditions. 

Figure 4-9: Identifying Citation Areas for Sample Paragraph 
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Pattern 4 – Another pattern that usually appears in the beginning of the paragraphs is indicated 

by label . The passage starts with non-citation sentences that provide a background or refer to 

an issue or gaps in research topics addressed in the article and are usually used to introduce the 

reader about a specific issue. These sentences can be further followed by non-citation sentences 

 

 

 

GAPS BGRS FW CWO ISSUE 

GAPS DES FW CWO ISSUE 

IRCW 

CWOG CWIG OUCW CCW 

RWCW SCCW 

DES 

one or more non-citation sentences 

 

GAPS DES FW CWO ISSUE 

IRCW 

CWOG CWIG OUCW CCW 

RWCW SCCW 

IRCW 

CWOG CWIG OUCW CCW 

RWCW SCCW 

one or more citation 

sentences 

one or more non-citation sentences 

one or more citation 

sentences 

one or more citation 

sentences 

one or more non-citation sentences 

Complete 

pattern in 

citation 

area 

 

Beginning of the paragraph 

Further non-citation and citation sentences 

End of Paragraph 

Figure 4-10: Patterns of Contexts in Citation areas in Paragraphs with Citations 
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that further describe the background or the issue or the gaps identified and sometimes can also 

refer to the results and future work of the current paper. After establishing the context through 

the use of non-citation sentences, sentences with citations appear. Citation contexts can be 

identified with one of the contexts defined earlier in Section 4.4.2. These sentences are followed 

by non-citation sentences that further describe or point out an issue or gaps in the citation cited 

earlier. They can also refer to the results or future work in relation to the work cited earlier.  

Pattern 5 – Another pattern seen in citation areas is indicated by label . The passage begins 

with citation sentences and is followed by non-citation sentences with different contexts as seen 

in the figure.  

4.4.4 Decision Tree for Indentifying Context Type of Sentences in Full-Text Articles 

The process of analyzing sentences in the full text of the article also facilitated development of a 

decision tree shown in Figure 4-11. 

As seen in Figure 4-11, there are two separate set of questions – one for citation sentences and 

the other for non-citation sentences. During the process of analyzing sentences, the questions in 

the decision tree were updated as the contexts changed. The decision tree served as a tool for 

classifying previously unseen sentences and ensured that a given sentence was analyzed against 

all the available contexts.  

4.4.5 Identifying Terms that Characterize Contexts of Sentences in Full Text of 

Articles 

In addition to identifying the context type of a sentence, we also focused on identifying terms 

and phrases that contributed to defining the contexts of the sentence. The objective was to use 

these terms and phrases to define features for carrying out supervised learning experiments. The 

details of defining these features are provided in Chapter 7 (Section 7.3). 

The terms identified in sentences were grouped into ten categories, where each category 

represented a specific type of context. Table 4-2 provides the details of the ten categories, 

including example terms for each of the categories. The procedure of identifying terms for an 
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example article, using categories of terms identified for full text is shown in Appendix 1-2. We 

also show the use of the scheme designed for full-text in labeling the sentences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The number of terms identified in each of these categories is shown in Table 4-3. As seen in the 

Table, we identified a total of 396 terms in our training dataset of 20 articles. We used the same 

strategy to identify a total of 726 terms after analyzing 1000 paragraphs in a set of 70 articles. 

Figure 4-11: Decision Tree for Context Type Identification – Full Text of Articles 

 

Questions for 

Non-Citation Sentences 

  Questions for 

  Citation Sentences 

IRCW 

YES NO 

RWCW Does the author use outputs 

from cited work? 

 

YES NO 

OUCW 

Is the sentence a ‘Citation 

Sentence’? 

FW 

Does the sentence refer to future 

work? 

 

Does the sentence describe gaps in related area or 

subject area or the cited work, cited earlier? 

 

Does the sentence describe the work 

cited earlier or identified gaps? 

 

Does sentence describe the 

outcome of the current paper? 

 

Does the author refer to shortcomings 

in cited work(s)? 

 

SCCW 

Does the author use citation for 

identifying gaps? 

 

CWIG 

Does the author refer to a citation which 

overcomes gaps? 

 

CWOG 

Does the author compare the cited 

works in the sentence? 

 

CCW 

YES NO 

YES NO 

NO YES 

NO YES 

NO YES 

RWSC 

YES NO 

DES 

YES NO 

YES NO 

CWO Does the sentence refer to 

shortcomings of the current paper? 

 

CWSC 

NO YES 

NO YES 

Does the author relate current work 

results with cited work? 

 

ISSUE 

Identify Term that 

characterize context 

Identify Term that 

characterize context 
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The list of terms identified for the training datasets of 20 and 70 articles is provided in Appendix 

2-2 and 2-3, respectively. The identification of 726 terms in the dataset of 70 articles resulted in 

a 83% percent increase in the total number of terms in newer 50 articles. The percentage change 

for individual categories is provided in column 4 of Table 4-3. Further, as seen in the Table, we 

identified a newer category of terms called ‘Issue Terms (ISSUE)’ while analyzing the dataset of 

70 articles. This category was created to identify ISSUE sentences. Some of the terms identified 

under Connecting Terms (CT) earlier with the dataset of 20 articles were added to the Issue 

Terms category resulting in an increase of terms for CT terms. 

Table 4-2: Categories of Terms and Phrases for Sentences in Full Text of Articles 
 

Category Description Example Terms 

Comparing Terms 

(COM) 

Terms or phrases that mention comparison 

studies. 

compared, evaluated 

Connecting Terms (CT) Terms or phrases that indicate relations 

between sentences. These terms usually 

connect a sentence with its preceding 

sentence. 

They, Therefore, According 

to these, For this purpose, 

Furthermore 

Extending Terms 

(EXT) 

Terms or phrases that discuss extending the 

current work with the cited work. 

builds on previous work, 

Similar to 

Future Work Terms 

(FWT) 

Terms or phrases that describe the future 

work of the paper. 

future work, 

we plan to extend, 

will be investigated 

Identifier Terms (IDT) Terms or phrases that identify gaps or 

shortcomings in the related work or the cited 

work. 

as shown, observations in, 

according to 

Issue Terms (ISSUE) Terms or phrases that that refer to issues 

raised or identified by the author 

Therefore, Thus, Hence, 

For this purpose 

Methodology Terms 

(MET) 

Terms or phrases that describe the 

methodology adopted or followed in the 

paper. 

we consider, we use, 

we assume 

Overcoming Gap 

Terms (OGT) 

Terms or phrases that refer to overcoming the 

identified gaps or shortcomings. 

enhanced, superior, 

promising, improved, 

better potential 

Result Terms  

(RES) 

Terms or phrases that describe the results 

achieved either by the current paper or the 

cited paper. 

we will show, we discover, 

we summarize 

Shortcoming Terms 

(SCT) 

Terms or phrases that describe shortcomings 

or gaps. 

Nevertheless, performance 

suffers, perform poorly, 

are not studied 
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Table 4-3: Comparison of Terms between Training Dataset of 20 and 70 Articles 
 

 
 

Category 

Terms Identified 

Training Dataset  

(20 articles) 

Training Dataset 

(70 articles) 

Percentage 

change (%) 

Comparing Terms (COM) 10 12 20 

Connecting Terms (CT) 51 29 - 43 

Extending Terms (EXT) 04 04 0 

Future Work Term (FWT) 34 39 5 

Identifier Terms (IDT) 15 35 133 

Issue Terms (ISSUE) - 54 - 

Methodology Terms (MET) 87 86 -1 

Overcoming Gap Terms (OGT) 23 51 122 

Result Terms (RES) 80 97 21 

Shortcoming Terms (SCT) 92 319 247 

Total Number of Terms Identified 396 726 83 

 

4.4.6 Analysis of Terms Identified for Defining Term Features in Full Text of 

Articles 

A major drawback of this approach of using terms to define term features is the difficulty in 

defining features for terms in unseen articles.  As seen in Table 4-3, there is a significant total of 

83% increase in the terms identified with ESWC papers. This indicates that the system based on 

the terms extracted with training dataset of 1000 paragraphs would not be able to identify 

features for 83% percent of unseen terms in the ESWC papers and required a continuous 

updating of the terms used for defining features. Further, the change is significantly noticed for 

classes of Identifier Terms (IDT), Overcoming Gap Terms (OGT) and Shortcoming Terms 

(SCT) with an increase of 133%, 122% and 247% in terms for each of these categories, 

respectively. In order to overcome this problem, we considered developing larger corpora of 

terms using the thesaurus as described in the following section. 

In order to solve the problem with the increase in terms, we adopted an approach to extend the 

base list of 726 terms obtained from the training dataset 70 articles by using a thesaurus. The 

number of terms identified in specific categories using a thesaurus is provided in Table 4-4. 
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Accordingly, we manually collected terms using an online thesaurus22 to add terms with similar 

meaning in each of these categories. The list of terms identified using a thesaurus is provided in 

Appendix 2-4. 

The manual approach was followed in order to ensure that appropriate terms were included in the 

list. Thus, this approach resulted in developing larger corpus with a total of 2788 terms in 

different categories, with a total increase of 284% over the set of terms from the training dataset 

of 70 articles. As seen in Table 4-4, a significant increase is seen particularly for categories of 

Identifier Terms (IDT), Overcoming Gap Terms (OGT) and Shortcoming Terms (SCT) with an 

increase of 1765%, 620% and 273% respectively. The identification of terms using the thesaurus 

had a significant impact on classifying sentences of the training dataset as would be discussed in 

Chapter 7 (Section 7.3). 

Table 4-4: Terms Identified using Thesaurus 

 
 

Category 

Terms Identified 

Training Dataset 

(70 Articles) 

Thesaurus 

Terms 

Percentage 

Increase (%) 

Comparing Terms (COM) 12 12 0 

Connecting Terms (CT) 29 68 134 

Extending Terms (EXT) 04 04 0 

Future Work Term (FWT) 39 49 26 

Identifier Terms (IDT) 35 653 1766 

Issue Terms (ISSUE) 54 211 291 

Methodology Terms (MET) 86 90 61 

Overcoming Gap Terms (OGT) 51 367 620 

Result Terms (RES) 97 125 29 

Shortcoming Terms (SCT) 319 1209 273 

Total Number of Terms  726 2788 284 

 

4.5 Inter-Rater Reliability (IRR) Study 

In order to study how reliably coders can interpret the context types defined above in an 

objective way, we carried out an inter-rater reliability study. The approach followed during this 

study is as follows. 

                                                 
22 http://thesaurus.com/ 
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4.5.1 Approach of IRR Study 

Researchers have adopted different strategies while carrying out inter-rater reliability studies. 

Teufel and Moens (2002) worked with annotations of a subset of 80 conference articles from a 

larger corpus of 260 articles. The articles were annotated by two annotators other than the first 

author herself. Wilbur et al. (2006) chose 10 articles randomly and worked with nine annotators 

for reporting annotation results.  

With respect to the practice adopted for reporting inter-annotator agreement, Bird et al. (2009) 

note that double annotation of 10% of the corpus forms a good practice in such studies. Further 

Artstein and Poesio (2008) observe that the most common approach to infer reliability of large-

scale annotation involves each sentence marked by one coder and measuring agreement using a 

smaller subset that is annotated by multiple coders. We adopted a similar approach for measuring 

the agreement about the context type definitions proposed in our study. 

As mentioned earlier, the training dataset was created using 70 articles chosen from LNCS. We 

chose to annotate 10% of the corpus. Each article was annotated by at least three annotators, with 

one of the annotators being the author of this study. This facilitated deriving the following 

measures: (a) overall agreement between annotators (b) agreement between individual 

annotators, and (c) agreement for each label. 

Choice of Statistic – We used Krippendorff’s alpha () (Krippendorff, 2011) for measuring 

reliability as it provides a generalization of several known reliability indices. This statistic 

enables researchers to evaluate different kinds of data using the same reliability standard and can 

be used in different situations such as (a) any number of observers, (b) any number of categories, 

scale values or measures, (c) large and small sample sizes, and (d) incomplete or missing data.  

Krippendorff’s alpha () is defined “as a reliability coefficient developed to measure the 

agreement among observers, coders, judges or raters” (Krippendorff, 2011). The general form of 

 is given by: 
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where    is the observed disagreement among values assigned to units of analysis: 

    
 

 
        

 

  

 

and    is the expected disagreement due to chance rather than properties of the units: 

    
 

      
          

 

  

 

The arguments of the two disagreement measures,    ,   ,    and  , refer to the frequencies of 

values in the coincidence matrices. 

Characteristics of the annotators – The annotators in our study had considerable training in 

scientific writing and publishing with most of them being PhD students pursuing their doctoral 

research and a few of them being faculty members in the field of information science. 

Choice of Articles – Instead of providing an article for annotation from a different field from 

that of the annotator, we provided them with articles in their own field. This was done for the 

following reasons: (a) it would be easier for annotators to understand the content and hence 

apply the labels easily and thoughtfully; and (b) it would minimize the annotating time; and (c) 

as a motivation factor since the articles were in their field. 

Guidelines for annotators – The guidelines used for annotators provided details of the context 

type definitions of the study along with example sentences for each definition. Each annotator 

was briefed about the purpose the study and the context type definitions. The briefing time spent 

with the annotators ranged between 15 to 30 minutes. The annotators were provided with 

paragraphs containing citations that were extracted from articles. The paragraphs were formatted 

to show individual sentences in them with the citation sentences highlighted to help annotators 

distinguish between citation and non-citation sentences. 

Before carrying out the study, we conducted a pilot study to examine the feasibility of our 

approach. The pilot study resulted in making certain changes to the label scheme as will be 

discussed in the following section. 
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4.5.2 Pilot IRR Study 

We conducted a pilot study with three annotators using three articles, with each annotator 

annotating one article. All three articles were also annotated by the author of this thesis, 

henceforth referred to as Annotator A.  

Thus, we were able to compare the annotations made by Annotator A with the annotations of the 

three other annotators. The paragraphs extracted from the three articles provided a total of 300 

sentences and hence there were 300 cases and 600 decisions to be made.  

After the coding of individual articles, we had discussions with the coders about the study. The 

coders felt that the context type definitions were clear enough and the examples were helpful in 

classifying sentences. However, they said there was confusion between the classes DES and 

ISSUE and, it was difficult to distinguish between the two.  

The analysis of these experiments resulted in a Krippendorff’s Alpha () (Krippendorff, 2011) 

score of 0.79 (N = 300, k = 2), where N is the number of items (sentences) and k is the number 

of coders. The value of k=2 indicates that each article was annotated by Annotator A and one of 

the three annotators. This is equivalent to 85% agreement between the Annotator A and the three 

annotators. The classification results for each label along with the confusion matrix are shown in 

Table 4-5.  

As can be seen, there was confusion for the classes DES and ISSUE. With respect to Description 

(DES) sentences, the coders classified about 10% (14 out of 144) as ISSUE sentences and 62% 

(18 out of 29) of ISSUE sentences as DES sentences. Thus, in order to avoid this confusion, we 

merged the classes of DES and ISSUE into one class of DES and removed the label ISSUE from 

context type definitions. The merging of these classes resulted in achieving a  value of 0.93 for 

the pilot data, which is 95.7% agreement between the annotators. With these changes we carried 

out the study with a large number of annotators, as discussed in the next section. 
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Table 4-5: Results of Pilot IIR Study for each Label 
 

Classification Results Confusion Matrix 

 P R F 

 

BGR CWIG CWO IRCW CWOG DES GAPS ISSUE FW RWCW UOCW TOTAL 

BGR 0.50 1.00 0.66 BGR 3 0 0 0 0 0 0 0 0 0 0 3 

CWIG 1.00 1.00 1.00 CWIG 0 4 0 0 0 0 0 0 0 0 0 4 

CWO 0.87 1.00 0.93 CWO 0 0 14 0 0 0 0 0 0 0 0 14 

IRCW 0.92 1.00 0.96 IRCW 0 0 0 52 0 0 0 0 0 0 0 52 

CWOG 1.00 0.66 0.80 CWOG 0 0 0 4 8 0 0 0 0 0 0 12 

DES 0.85 0.87 0.86 DES 2 0 1 0 0 126 1 14 0 0 0 144 

GAPS 0.95 0.87 0.91 GAPS 0 0 0 0 0 3 21 0 0 0 0 24 

ISSUE 0.39 0.31 0.34 ISSUE 1 0 1 0 0 18 0 9 0 0 0 29 

FW 1.00 1.00 1.00 FW 0 0 0 0 0 0 0 0 3 0 0 3 

RWCW 1.00 1.00 1.00 RWCW 0 0 0 0 0 0 0 0 0 10 0 10 

UOCW 1.00 1.00 1.00 UOCW 0 0 0 0 0 0 0 0 0 0 5 5 

    

 

6 4 16 56 8 147 22 23 3 10 5 300 
 

P – Precision; R – Recall; F – F-Score 

4.5.3 IRR Study with Larger Sample 

After conducting the pilot study and making necessary corrections to the context type definitions, 

we carried out a study using 11 annotators and 9 articles. This formed 12% of the training 

dataset. Each article was annotated by two annotators other than Annotator A, (the author of this 

thesis) who annotated all nine articles. The set of 9 articles provided a total of 907 sentences. The 

annotation obtained by the annotators during the study is provided in Appendix 3. The overall 

result achieved for , involving nine articles and 11 annotators was 0.841 as shown in Table 4-6.  

This is equivalent to 89.93% agreement between different pairs of annotators. The number of 

coders indicates that each article was annotated by three annotators. An agreement 

Krippendorff’s Alpha () = 0.8 or higher on Krippendorff’s (1980) scale is considered as a 

reliable agreement, and an agreement of 0.67 to 0.8 is considered to be marginally reliable. A 

value lower than 0.67 for  indicates the agreement is unreliable. Therefore, the results indicate 

that the labels of our scheme can be reliably applied to sentences. 
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Table 4-6: Overall Results of IRR Study 
 

Average Pairwise 

Percentage 

Agreement  

Krippendorff’s 

Alpha () 

Number of 

Coders 

Number of 

Cases 

Number of 

Decisions 

89.93 0.841 3 907 2721 
 

The details of the agreement between Annotator A and the others annotators involved in the 

study is shown in Table 4-7. As seen, the percentage agreement with annotators varied from 85% 

to 95% with Krippendorff’s Alpha () value achieving the least value of 0.719 and a maximum 

value of 0.930, respectively. As seen in Table 4-7, the number of sentences annotated by 

annotators varied from a minimum of 44 to a maximum of 347. This is due to the number of 

articles annotated by individual annotators. The annotators in our study were requested to 

annotate any number of articles depending on their availability. While some chose to annotate a 

single article, three of the annotators (Annotator 1, 2 and 3 – shown in grey in Table 2) annotated 

three articles. The () value for these annotators was of the order 0.85 to 0.90. This shows that 

the increase in annotated sentences resulted in achieving a better agreement indicating the ease of 

applying the labels to sentences by the annotators. 

Table 4-7: Agreement between Annotators 
 

Comparison 

between  

Annotator A and 

Percentage 

Agreement  

Krippendorff’s 

Alpha () 

Number of 

Agreements 

Number of 

Disagreements 

Number 

of Cases 

Number of 

Decisions 

Annotator 4 85.3 0.760 93 16 109 218 

Annotator 5 85.5 0.719 94 16 110 220 

Annotator 9 87.8 0.836 72 10 82 164 

Annotator 8 88.6 0.847 39 5 44 88 

Annotator 10 90.5 0.831 95 10 105 210 

Annotator 1 90.8 0.854 315 32 347 694 

Annotator 6 91.8 0.832 101 9 110 220 

Annotator 2 92.2 0.877 320 27 347 694 

Annotator 7 94.4 0.930 119 7 126 252 

Annotator 3 94.8 0.903 312 17 329 658 

Annotator 11 95.2 0.907 100 5 105 210 
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The agreement achieved for each article between three of the annotators is tabulated in Table 4-

8.  

Table 4-8: Agreement between Annotators for Articles 
 

 Average 

Pairwise 

percent 

agreement 

Agreement 

between 

Annotator A and 

Annotator 2 

Agreement 

between 

Annotator A and 

Annotator 1 

Agreement 

between 

Annotator 1 and 

Annotator 2 

Krippendorff’s 

Alpha () 

Article 3 82.83 82.17 90.09 76.23 0.75 

Article 2 84.73 86.74 90.36 77.10 0.77 

Article 6 89.09 85.45 97.27 54.54 0.78 

Article 7 90.47 95.23 90.47 58.71 0.82 

Article 8 87.87 88.63 93.18 81.81 0.83 

Article 4 90.21 85.32 91.74 93.57 0.84 

Article 9 89.43 97.80 95.12 85.36 0.85 

Article 5 93.93 91.81 85.45 94.54 0.87 

Article 1 95.02 96.31 96.31 92.63 0.91 

 

4.6 Comparison of our Context Types with other Schemes 

We compare in this section the context types defined in our study with schemes proposed by 

Teufel and Moens (1999) and Teufel et al. (2006). The comparison is shown in Figure 4-12 and 

is described in the following sections. 

4.6.1 Context Types of Sentences without Citations 

Some of the categories defined in our scheme can be directly compared to the categories 

proposed by Teufel and Moens (1999). For example, the class of Background is equivalent to 

BGR class of our scheme. Similarly the categories of Aim and Contrast that refer to sentences 

describing research goals of the current article and weakness in cited works are the same as that 

of CWO and SCCW of our scheme. However, their classes of Own and Basis can be referred to 

union of many classes of our scheme. The class of Basis in Teufel and Moens (1999) consists of 

sentences that use cited work as a basis or starting point; or gets support from them. While this is 

a broad definition, the classes of CCW, CWIG, CWOG, IRCW, RWCW and OUCW of our 

scheme are specific instances for using the cited work as a basis. Thus, a union of all these 

classes can be considered equivalent to the class of Basis. Similarly, the class of Own is 
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equivalent to the union of classes of DES, ISSUE, FW and GAPS, which describe aspects of the 

own work presented in the paper. We do not use the Textual and Other class, as we do not define 

anything similar to this class in our scheme. We further compare our classifier results with this 

scheme in Chapter 7 (Section 7.4). 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

4.6.2 Context Types of Sentences with Citations 

Teufel, Siddharthan and Tidhar (2006) have proposed a classification scheme for citation 

sentences. We compare in this section, our context type definitions for citation sentences with 
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sentence) 
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Figure 4-12: Comparison of our Annotation Scheme with other Schemes 
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their scheme. The authors define the class Weak with sentences that refer to weakness of 

previous research. The class SCCW defined in our study is equivalent to the Weak class. The 

next four categories are used to describe comparisons or contrasts between own and other work, 

which is equivalent to CCW of our scheme. The authors also define a set of categories for 

referring to statements that mention about the active use of other works in the current work. 

Among them, the categories PBas and PMot identifies the use of cited works as a basis or 

starting point and as a motivation factor in the current work respectively. The categories IRCW, 

CWIG and CWOG defined in our study represent these notions and thus, the union of these 

classes can be considered equivalent to the union of PBas and PMot. Similarly, the categories 

PSim and PSup are used to represent similarity and compatibility between the current work and 

the cited work. The category of RWCW defined in our study signifies these notions and thus, a 

union of PSim and PSup is equivalent to RWCW. The categories PUse and PModi identify 

statements where the author uses and adapts or modifies tools/algorithms/data from the cited 

work. The category OUCW signifies these characteristics. We do not identify any of our 

categories with Neutral defined in the other study. We further compare our classifier results with 

this scheme in Chapter 7 (Section 7.4). 

4.7 Summary 

We presented in this chapter our annotation scheme for sentences in scientific articles. We began 

with considering sentences only in the related work sections of the article and defining an 

annotation scheme of 13 context types. The analysis was then extended to all citation sentences 

in the article and accordingly, we presented a modified annotation scheme of 13 context types for 

these sentences. We presented in this chapter the definitions of these context types and discuss 

the methodology followed in defining them. Further, we also discussed the inter-rater study 

carried out for evaluating the defined context types. The work described in this chapter shows 

that we were able to achieve successfully, objectives 1 and 2 of our study of identifying an 

annotation scheme for sentences and carrying out an inter-rater reliability study for evaluating 

the context types defined in the scheme. After defining various context type definitions, our goal 

was to develop an ontology for modelling the context types that could be used in deriving 

contextual semantic data. We present in the next chapter our research work on developing the 

ontology. 
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Chapter 5 Ontology for Modelling Sentence Contexts 
 

 

5.1 Introduction 

We presented in the previous chapter various context type definitions for sentences in scientific 

articles. However, besides defining context type definitions it is also important to model the 

relations between sentences. For example, in the sample paragraph provided in Figure 2-5 (on 

page 35, each sentence is related to the adjacent sentences. If we specifically consider the second 

sentence in the paragraph, we notice that the third sentence is a shortcoming sentence identifying 

shortcomings in the works cited in the second sentence. The second sentence also has preceding 

and following citation sentences in sentence 1 and sentence 4 respectively. Each of these citation 

sentences is related to a specific cited work, the details of which are provided in the references 

section of the article. In order to model these relations, we developed the Sentence Context 

Ontology, which formed our vocabulary for modelling contexts of sentences in research articles. 

The ontology was used as a representational model for creating semantic data from information 

extracted from scientific articles and was used for developing the linked data application, 

explained in Chapter 8. Following the methodology adopted for defining context type 

definitions, we initially modeled sentences in the related work section only and accordingly 

developed a sentence context ontology that focused on such sentences. After successfully 

developing this ontology, we extended it to cover all citation sentences appearing in articles. We 

present in this chapter these ontologies. 

5.2 Semantic Web Technologies and Applications 

The Semantic Web is an enhancement of the current Web, enriched with semantic metadata to 

provide meaning. This is in contrast to the metadata available on the Web in HTML format, 

which describes only the presentation format of the data. For example, while it is possible in 

HTMl to specify that a given string should be displayed in italics and a specific colour, there is 

no direct support for specifying that this string denotes an author’s name or the title of the 

document. However, using Semantic Web technologies, it is possible to specify such 

characteristics of data. As Antoniou and van Harmelen (2004b, 2008) note, the objective of the 
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Semantic Web is to facilitate development of advanced knowledge management systems. Warren 

et al. (2006) identify the following key uses of semantic metadata: 

 to improve information visualization (result clustering, merging and summarization); 

 to offer reasoning capabilities and automatic knowledge creation; 

 to integrate information from heterogeneous source; and 

 to semantically describe web service functions to support large-scale implementations of 

service oriented architectures. 

In order to realize the vision of the Semantic Web, the World Wide Web Consortium (W3C) has 

developed various interoperable technologies that include languages, guidelines, software and 

tools. We used these technologies to develop an application to harness the features of the 

Semantic Web. 

5.3 Modelling Sentence Contexts – Beyond Citation Networks 

As discussed in Chapter 2, the field of citation analysis is concerned with the study of inter-

article relationships. For example, Figure 5-1 shows relations between citing and cited articles.  

 

  

 

 

 

 

 

As Figure 5-1 shows, the newer articles cite earlier published articles and older articles get cited 

by newer articles. These relationships can be used to identify links between scholarly works, 

researchers, journals, research areas and even between countries. An important use of citation 

analysis is to determine the impact of an author on a given field, by counting the number of times 

the author has been cited by others. Over the years, there have been many studies investigating 

Time 
Jan 2012 Feb 2012 Mar 2012 Apr 2012 May 2012 

cites 

cites 

cites 
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cites 
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Figure 5-1: Relation between Scholarly Works 
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these bibliometric measures to analyze works of individual authors, scholarly articles and 

journals.  

Another significant line of research in the field of citation analysis is the study of inter-author 

relationships. Figure 5-2 shows an example of an author network, where each node represents an 

author name, and the links between them indicate the number and type of connections between 

authors. 

 

 

 

 

 

 

 

 

 
 

 

 

As seen above, researchers have extensively studied citation networks by analyzing relations 

between articles and authors. However, there are no studies that have investigated this problem at 

the sentence level in scientific articles. To illustrate this further, consider the sample paragraph 

shown in Figure 5-3. This paragraph contains a total of six sentences, of which sentences 2, 3 

and 5 have citations and sentences 1, 4 and 5 do not have citations. If we specifically consider 

sentence 3, we can say that sentence 3 has two preceding sentences, one with citations and one 

without citations. We can also see that sentence 3 has three following sentences, of which one is 

a citation sentence and two are non-citation sentences. In order to identify the context of a 

citation, it is necessary to consider at least its immediate surrounding citation and non-citation 

sentences. Thus, in this example, sentences 2, 4 and 5 need to be considered to identify the 

context of the citation. This is graphically shown in the upper half of Figure 5-4. 

 

Figure 5-2: Study of Author Networks  
(Source Radicchi et al., 2009) 
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In [8, 11, 7], the authors propose an approach to the 

automated composition of web services based on a 

translation of DAML-S to situation calculus and Petri 

Nets. 

However, none of these techniques addresses the 

problem of composing web services with 

conditional outputs, non-nominal outcomes, and 

with process models describing interaction 

protocols that include conditional and iterative 

steps.

However, most of the approaches address composition 

at the functional level (see, e.g. [12, 4]), and much less 

emphasis has been devoted to the problem of process-

level composition
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Figure 5-4: Modelling Citations of a Sentence 
 

There is a large amount of literature addressing the problem of automated composition of web services. 

However, most of the approaches address composition at the functional level (see, e.g. [12, 4]), and much less 

emphasis has been devoted to the problem of process-level composition.  

Different planning approaches have been proposed to address the problem of on-the-fly composition, from HTNs [17] 

to regression planning based on extensions of PDDL, to STRIPS-like planning for composing services described in 

DAML-S [15].  

However, none of these techniques addresses the problem of composing web services with conditional outputs, non-

nominal outcomes, and with process models describing interaction protocols that include conditional and iterative 

steps.  

In [8, 11, 7], the authors propose an approach to the automated composition of web services based on a translation of 

DAML-S to situation calculus and Petri Nets.  

Also in these papers, however, the automated composition is limited to sequential composition of atomic services, and 

composition requirements are limited to reachability conditions.      
 

Source: Pistore et al. (2005) 
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Figure 5-3: Sample Paragraph 
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We can also see in Figure 5-4, that sentence 3 contains two citations to different references (Wu 

et al., 2003 and Seshagiri et al., 2003). These references could also be cited by many other 

articles. These other articles would each include citation sentences that cite Wu et al., 2003 and 

Sheshagiri et al., 2003 and each of these citation sentences in turn would be further related to 

immediate preceding and following citation and non-citation sentences with the respective 

articles. This is graphically shown in lower half of Figure 5-4.  

Thus, as the number of citations increase for a given document, the network of relationships 

between sentences becomes more and more complex. Therefore, developing an ontology for 

modelling sentence contexts can help in modelling these complex relationships. We discuss in 

this chapter the process of developing this ontology. 

5.3.1 Sentence Context Ontology (sentcon) – Modelling Sentence Contexts 

As discussed above, we developed the sentence context ontology (sentcon) for modelling 

sentences, and their contexts and relationsips.  Figure 5-5 is a visualization of a complex network 

of sentences using sentcon.  The graph, generated using Welkin23, represents a small portion of 

sentences extracted from articles in our dataset. As seen in the figure, a complex network evolves 

when modelling citation sentences, due to the different entities involved such as preceding and 

following citation and non-citation sentences extracted for each citation sentence, citing and 

cited authors and other bibliographic details of cited works such as title, source, year of 

publication, and publisher details.  

The key objective of developing the sentence context ontology in this study was to use it as a 

representational model for generating semantic data that can be use for developing citation 

context based information systems. 

Similar to our approach for defining context types for sentences, we initially focused on 

sentences in related work sections of articles and later extended this to cover sentences in the full 

text. We explain in the following sections the process of developing sentence context ontology. 

 

                                                 
23 http://simile.mit.edu/welkin/ 
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5. 4 Ontology Development – Our Approach 

The methodology followed for developing the ontology is discussed below. 

5.4.1 Methodology for Ontology Development 

We followed the Ontology Development 101 method – a simple knowledge-engineering 

methodology proposed by Noy and McGuinness (2001). They proposed this methodology based 

on their ontology-development experience and also from observing the fact that although there 

were various ontology development methodologies, none of them provided a single “correct” 

ontology-design methodology. The methodology involves the following seven steps and we 

followed these steps to develop the ontology. 

Figure 5-5: Modelling contexts of sentences in research articles using sentcon 
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1. Determine the domain and the scope of the ontology: In order to identify the domain 

and scope of the ontology, the following questions were answered while developing the 

ontology  

 What is the coverage of the ontology? The ontology would model the contexts of 

sentences in the domain of scientific research articles. 

 How will the ontology be used? The ontology will be used as a conceptual model for 

deriving sentence context data in RDF form. The RDF data would be used for 

developing Semantic Web applications for providing citation context based 

information services. 

 What types of questions will the ontology answer? The ontology should be able to 

answer context-related queries about citation sentences. 

 Who will use and maintain the ontology? The ontology will be used to develop 

information systems capable of providing enhanced information search and browsing 

for researchers. The author of this thesis will be responsible for maintaining the 

ontology. 

2. Consider reusing existing ontology: We examined other related ontologies such as the 

Bibliographic ontology, Citations Typing Ontology (CiTO) and SWAN ontology, but 

could not use them as these  ontologies did not meet our requirements. 

3. Enumerate important terms in the ontology: We analysed sentences to identify 

contexts associated with them, as presented in Chapter 3. This process resulted in 

defining context types for sentences and we used this information to enumerate important 

terms in the ontology. 

4. Define the classes and the class hierarchy: The context type definitions were used to 

define an appropriate class hierarchy and classes. 

5. Define the properties of classes: We defined appropriate relations between the defined 

classes.  

6. Create individual instances of classes in the hierarchy: We did not create individual 

instances of classes as the ontology was used as a conceptual model for representing 

instance data from article databases in RDF form. 
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5.4.2 Ontology Representation Language 

Various ontology languages such as SHOE (Simple HTML Ontology Extension), XML 

(Extensible Markup Language), XOL (XML-based Ontology Language) and RDF (Resource 

Description Framework) are used to model resources on the Web. The RDF language offers 

simple descriptive information about resources that are encoded in sets of triples – subject 

(resource), predicate (property or relation) and object (resource or a value). While RDF enables 

the description of relationships among resources, RDF Schema (RDFS) facilitates the description 

of class systems, that is, it provides for the development of a vocabulary that can be used in an 

RDF graph. To provide more expressiveness to the Web, ontology languages such as RDFS 

(Resource Description Framework Schema) and OWL (the Web Ontology Language) were 

developed. OWL provides a more expressive language for defining structured ontologies that can 

be used by different systems to improve the accuracy of web searches, to share information, to 

define terms or to describe and represent a domain (Berners-Lee et al. 2001). Currently OWL has 

two major versions: OWL 1 and OWL 2. OWL 1 has three variants: OWL Full, which offers 

maximum expressiveness and no computational tractability guarantees; OWL DL, which offers 

further expressive support by retaining computational tractability guarantees; and OWL Lite, 

which offers the possibility of representing simple cardinality constraints and hierarchies 

(McGuinness and van Harmelen, 2003). 

We initially considered using RDFS to develop the ontology. However, we observed that the 

modelling of contexts involved definition of hierarchies and relations between classes, which 

required a slightly more expressive language than RDFS. Therefore, we choose OWL Lite which 

provided for representation of hierarchies of classes and relations between them as the ontology 

representation language. 

5.4.3 Ontology Development Tool 

We used Protégé24, a free and open source software tool for ontology development developed by 

the Stanford Center for Biomedical Informatics Research. Protégé is an extensible, platform-

independent environment for creating and editing ontologies and knowledge bases. Protégé 

offers an intuitive and easy to use graphical user interface and can be easily extended with 

                                                 
24

 http://protege.stanford.edu/ 
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tailored plug-ins. Version 4 of Protégé provides support for standard formats such as OWL 1 and 

OWL 2, and also provides inference and reasoning services with Fact++ and Pellet embedded in 

the software. The tool also supports visualization of ontologies through plug-ins such as the 

OWL Viz plug-in (GraphViz) and Ontograph. 

5.5 Sentence Context Ontology for Related Work Sections 

We presented earlier in Chapter 4 (Section 4.3) various context type definitions for sentences in 

related work sections. We used these definitions to develop the ontology for modelling the 

contextual relations of sentences in a related work section. A schematic representation of the 

sentence context ontology for related work section is shown in Figure 5-6. We describe below 

the different classes and properties of the ontology. The ontology in the n3 format is provided in 

Appendix 4-1. 
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Figure 5-6: Sentence Context Ontology for Sentences in Related Work Sections 
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5.5.1 Sentence Context Ontology Classes for Related Work Sections 

As seen in Figure 5-6, the Sentence class is defined at the top level of the hierarchy as the base 

class of all sentences in the related work section of an article.  The Sentence class has immediate 

subclasses listed in Table 5-1.  

The BackgroundSentence and ResultSentence classes model sentences that provide background 

statements and discuss results of the current article, respectively. In addition, the 

CurrentWorkShortcomingSentence class is defined as a subclass of ResultSentence class to 

model sentences relating to the outcomes of the current article.  

Table 5-1: Subclasses of Sentence Class 
 

Subclasses of Sentence Class Description 

sentcon:BackgroundSentence Sentences that provide introduction or background 

sentcon:CitationRelatedSentence Sentences that are related to citation sentences 

sentcon:ResultSentence Sentences that discuss the results of the current article 
 

The CitationRelatedSentence class groups citation related sentence classes, which model 

descriptive sentences, shortcoming sentences, alternative sentences and citation sentences. The 

subclasses of CitationRelatedSentence class are shown in Table 5-2. 

Table 5-2: Subclasses of CitationRelatedSentence Class 
 

Subclasses of 

CitationRelatedSentence Class 

Description 

Sentcon:AlternativeSentence Sentences that describe an alternative option for a cited 

work 

Sentcon:CitationSentence Sentences that contain citations or that use cited work 

sentcon:DescriptiveSentence Sentences that generally follow citation sentences or 

research gaps and are used to further describe the topic 

discussed 

sentcon:ShortcomingSentence Sentences that refer to shortcomings or gaps identified in 

the research topic or the previously cited work 
 

These subclasses were further specialized to categorize different types of sentences as shown in 

Tables 5-3, 5-4 and 5-5. 
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Table 5-3: Subclasses of CitationSentence Class 
 

Subclasses of AlternativeSentence Class Description 

sentcon:RelatedWorkDescription_CS Citation sentences that describe cited work 

sentcon:RelatedWorkOutcome_CS Citation sentences that describe the outcomes of 

the cited work 

sentcon:RelatedWorkStrength_CS Citation sentences that describe the strength or 

importance of the cited work 

sentcon:AlternativeSentenceForCitedWork_CS Citation sentences that refer to a cited work as 

an alternative for the work cited previously in the 

article 
 

Table 5-4: Subclasses of DescriptiveSentence Class 
 

Subclasses of DescriptiveSentence Class Description 

sentcon:RelatedWorkDescription Non-citation sentences that further describe the work 

cited previously 

sentcon:RelatedWorkOutcome Non-citation sentences that further describe the 

outcomes of the cited previously 

sentcon:RelatedWorkStrength Non-citation sentences that further describe the 

strength or importance of the work cited previously 

sentcon:AlternativeSentenceForCitedWork Non-citation sentences that provide an alternative 

statement to the work cited previously 
 

 

Table 5-5: Subclasses of ShortcomingSentence Class 
 

Subclasses of ShortcomingSentence 

Class 

Description 

sentcon:RelatedWorkShortcomings Non-citation sentences that refer to shortcomings or 

gaps identified in the research topics or the works cited 

previously in the current article 

sentcon:ContrastingWorkForCitedWork Non-citation sentences that provide contrasting 

statements to the work cited previously  
 
 

In addition to the Sentence class, which describes various facets of sentences, the ontology also 

defines the Author, Publication and the Citation classes for categorizing information related to 

the authors, publications and citation data, respectively. 
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5.5.2 Properties of Sentence Context Ontology for Related Work Sections 

Various object and data type properties were defined for relating classes and identifying the 

datatype of instances as described below. 

Object Properties 

We defined an object property ‘relatedToCitationSentence’, with CitationRelatedSentence as the 

domain and CitationSentence as its range, to relate instances of CitationRelatedSentence class to 

CitationSentence class. This property facilitates connecting all related sentences for a given 

citation sentence such as descriptive, shortcoming or alternative sentences to that citation 

sentence. There are also situations, where a citation sentence is related to preceding and 

following citation sentences that are also supported by this object property. 

The object property ‘hasSourceArticle’ is defined with Sentence and Citation as the domain and 

Publication as its range, thus relating instances of these classes. The source article for a sentence 

refers to the article that contains that sentence, whereas the source article for a citation refers to 

the cited work, the details of which can be extracted from the references section of the article.  

Similarly, the ‘hasCitation’ property is defined between the Sentence class and the Citation class 

to identify the citations present in the sentence. 

Data Type Properties 

The Publication class refers to a particular document (either the current work or a cited work) 

and is thus defined with various RDF properties for describing bibliographic data such as 

abstract, title, ISSN, ISBN, pages and DOI. The Sentence Context ontology adopts the Dublin 

Core Metadata Initiative (DCMI) Type and Bibliographic Ontology’s definitions for the various 

bibliographic properties of published documents. The Sentence class is defined with data type 

properties such as sentenceText, hasCitationFeatures and hasLabel.  

5.5.3 Examples of RDF Data created with Ontology for Related Work Sections 

We describe in the following sections creation of RDF data using the sentence context ontology 

for a sample paragraph shown in Figure 5.7.  
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“Also in Portuguese, Alvares et al.[2] compare STEMBR, RLSP and Portuguese Porter stemmers. The 

study concludes that STEMBR is heavier than Porter and RSLP and thus makes slightly fewer 

understemming errors than RSLP and Porter. Both papers, however, have not used the ERRT metric in 

their evaluation. Also none of them assesses the effects of their stemmers over retrieval performance.” 
 

Source:Flores et al (2010) [20] 

 

 

 

 
 

 

 

 

 

 

As may be seen in the paragraph, the first sentence is a citation sentence describing some related 

work. The second sentence is a descriptive sentence which further describes the cited work. 

However, the third and the fourth sentences are shortcoming sentences mentioning the 

limitations of the cited work. Listing 5-1 shows the RDF data created for Sentence 1 in N3 

format. . As seen, the sentence is identified as a citation sentence with the label RWD_CS 

associated with features ‘sentHasCitation sentHasTerm=SOI’. The mapping of various 

bibliographic details of the article can be seen in the listing. 

Listing 5-1: RDF Data for Sentence 1 (Citation Sentence) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<http://secml.otago.ac.nz/sentcon/CitationSentence/10.1007-978-3-642-12320-7_2_4_3> 

      a       sentcon:CitationSentence ; 

      rdfs:label "Also in Portuguese, Alvares etal[2] compare STEMBR, RLSP and Portuguese  

Porter stemmers." ; 

      sentcon:hasLabel "RWD_CS"^^xsd:string ; 

      sentcon:hasCitation  

       <http://secml.otago.ac.nz/sentcon/Citation/10.1007/978-3-642-12320-7_2_2> ; 

sentcon:sentenceText "Also in Portuguese, Alvares etal[2] compare STEMBR, RLSP and  

Portuguese Porter stemmers."^^xsd:string ; 

      sentcon:hasCitationFeatures 

       "sentHasCitation sentHasTerm=SOI"^^xsd:string ; 

      sentcon:hasSourceArticle 

       <http://secml.otago.ac.nz/sentcon/Publication/10.1007/978-3-642-12320-7_2> ; 

      dc:creator  

       <http://secml.otago.ac.nz/sentcon/Author/Carlos_A._Heuser> ,  

       <http://secml.otago.ac.nz/sentcon/Author/_Viviane_P._Moreira>,          

       <http://secml.otago.ac.nz/sentcon/author/Felipe_N._Flores> . 

 

Figure 5-7: Sample Paragraph 
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Listing 5-2 shows the RDF data created for Sentence 2. The sentence is identified as a 

descriptive sentence with the label RWD associated with features ‘sentHasTerm=DES’. It may 

also be seen that a relation to the citation sentence is created using the property 

‘sentcon:relatedToCitationSentence’. 

Listings 5-3 and 5-4 represent the RDF data created for Sentence 3 and Sentence 4, respectively. 

The sentences are identified as shortcoming sentences with the label RWSC associated with 

feature ‘sentHasTerm=SCT’. The relation to the citation sentence is created using the property 

‘sentcon:hasRelatedCitationSentence’.  As can be seen in Listings 5-1, 5-2, 5-3 and 5-4, each of 

these sentences is linked to the source article with the property ‘sentcon:hasSourceArticle’. 

Listing 5-5 shows the RDF data created for the sample source article.  

Listing 5-2: RDF Data for Sentence 2 (Descriptive Sentence) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<http://secml.otago.ac.nz/sentcon/DescriptiveSentence/10.1007-978-3-642-12320-7_2_4_4> 

      a       sentcon:DescriptiveSentence ; 

      rdfs:label "The study concludes that STEMBR is heavier than Porter and RSLP and thus makes  

slightly fewer understemming errors than RSLP and Porter." ; 

      sentcon:hasLabel "RWD"^^xsd:string ; 

      sentcon:relatedToCitationSentence 

       <http://secml.otago.ac.nz/sentcon/CitationSentence/10.1007-978-3-642-12320-7_2_4_3>; 

      sentcon:sentenceText "The study concludes that STEMBR is heavier than Porter and RSLP  

and thus makes slightly fewer understemming errors than RSLP and Porter."^^xsd:string ; 

      sentcon:hasCitationFeatures 

              "sentHasTerm=DES"^^xsd:string ; 

      sentcon:hasSourceArticle 

              <http://secml.otago.ac.nz/sentcon/Publication/10.1007/978-3-642-12320-7_2> ; 

      dc:creator  

<http://secml.otago.ac.nz/Author/_Carlos_A._Heuser> ,  

<http://secml.otago.ac.nz/sentcon/Author/Viviane_P._Moreira> , 

<http://secml.otago.ac.nz/sentcon/Author/Felipe_N._Flores> . 
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Listing 5-3: RDF Data for Sentence 3 (Shortcoming Sentence) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As seen in Listing 5-1, Sentence 1 i.e. the Citation Sentence, was related to the citation using the 

property sentcon:hasCitation (sentcon:hasCitation  

<http://secml.otago.ac.nz/sentcon/Citation/10.1007/978-3-642-12320-7_2_2>).  

Listing 5-6 provides the RDF data created for this citation. 

 

Listing 5-4: RDF Data for Sentence 4 (Shortcoming Sentence) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<http://secml.otago.ac.nz/sentcon/ShortcomingSentence/10.1007-978-3-642-12320-7_2_4_5> 

      a       sentcon:ShortcomingSentence ; 

      rdfs:label "Both papers, however, have not used the ERRT metic in their evalation." ; 

      sentcon:hasLabel "RWSC"^^xsd:string ; 

      sentcon:relatedToCitationSentence 

       <http://secml.otago.ac.nz/sentcon/CitationSentence/10.1007-978-3-642-12320-7_2_4_3> ; 

sentcon:sentenceText "Both papers, however, have not used the ERRT metic in their  

evalation."^^xsd:string ; 

      sentcon:hasCitationFeatures 

              "sentHasTerm=SCT"^^xsd:string ; 

      sentcon:hasSourceArticle 

 <http://secml.otago.ac.nz/sentcon/Publication/10.1007/978-3-642-12320-7_2> ; 

      dc:creator  

<http://secml.otago.ac.nz/sentcon/Author/_Carlos_A._Heuser> ,  

<http://secml.otago.ac.nz/sentcon/Author/_Viviane_P._Moreira> ,  

<http://secml.otago.ac.nz/sentcon/Author/Felipe_N._Flores> . 

 

 

<http://secml.otago.ac.nz/sentcon/ShortcomingSentence/10.1007-978-3-642-12320-7_2_4_6> 

      a       sentcon:ShortcomingSentence ; 

      rdfs:label "Also none of them assesses the effects of their stemmers over retrieval  

performance." ; 

      sentcon:hasLabel "RWSC"^^xsd:string ; 

      sentcon:relatedToCitationSentence 

<http://secml.otago.ac.nz/sentcon/CitationSentence/10.1007-978-3-642-12320-7_2_4_3> ; 

      sentcon:sentenceText "Also none of them assesses the effects of their stemmers over  

retrieval performance."^^xsd:string ; 

      sentcon:hasCitationFeatures 

              "sentHasTerm=DES"^^xsd:string ; 

      sentcon:hasSourceArticle 

              <http://secml.otago.ac.nz/sentcon/Publication/10.1007/978-3-642-12320-7_2> ; 

      dc:creator  

<http://secml.otago.ac.nz/sentcon/Author/_Carlos_A._Heuser> ,  

<http://secml.otago.ac.nz/sentcon/Author/_Viviane_P._Moreira> ,  

<http:// secml.otago.ac.nz/sentcon/Author/Felipe_N._Flores> . 

 



120 

 

Listing 5-5: RDF Data for Source Article 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

Listing 5-6: RDF Data for Citation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

5.6 Sentence Context Ontology for Full-Text Articles 

After developing the sentence context ontology for sentences in related work sections, we 

extended it to model all citation sentences that appear in the article. We used the context type 

definitions defined for sentences in the full text of the article (presented earlier in Chapter 4, 

<http://secml.otago.ac.nz/sentcon/Publication/10.1007-978-3-642-12320-7_2> 

      a       sentcon:Publication ; 

      rdfs:label "Assessing the Impact of Stemming Accuracy on Information Retrieval"^^xsd:string ; 

      dc:abstract "The quality of stemming algorithms is typically measured in two different ways: (i)  

how accurately they map the variant forms of a word to the same stem; or (ii) how much 

improvement they bring to Information Retrieval. In this paper, we evaluate different 

Portuguese stemming algorithms in terms of accuracy and in terms of their aid to 

Information Retrieval. The aim is to assess whether the most accurate stemmers are also the 

ones that bring the biggest gain in Information Retrieval. Our results show that some kind 

of correlation does exist, but it is not as strong as one might have expected." ; 

      dc:creator  

<http//secml.otago.ac.nz/sentcon/Author/_Carlos_A._Heuser> ,  

<http://secml.otago.ac.nz/sentcon/Author/_Viviane_P._Moreira> , 

<http://secml.otago.ac.nz/sentcon/Author/Felipe_N._Flores> ; 

      dc:identifier  

"DOI 10.1007/978-3-642-12320-7_2"^^xsd:string , "ISSN 0302-9743 (Print)  

1611-3349 (Online)"^^xsd:string ; 

      dc:title  

"Assessing the Impact of Stemming Accuracy on Information Retrieval"^^xsd:string ; 

      foaf:homepage  

<http://dx.doi.org/10.1007/978-3-642-12320-7_2> . 

 

 

<http://secml.otago.ac.nz/Citation/10.1007/978-3-642-12320-7_2_2> 

      a       sentcon:Citation ; 

      rdfs:label "10.1007/978-3-642-12320-7_2_2" ; 

      dc:identifier "DOI 10.1007/978-3-642-12320-7_2"^^xsd:;       

      sentcon:citation_sentence 

              "Also in Portuguese, Alvares etal[2] compare STEMBR, RLSP and Portuguese Porter  

stemmers." ; 

      sentcon:citation_sentid 

              "10.1007-978-3-642-12320-7_2_4_3"  

      sentcon:hasSourceArticle 

 <http://secml.otago.ac.nz/sentcon/Publication/10.1007/978-3-642-12320-7_2_Ref_2> ; 

      dc:creator  

<http://secml.otago.ac.nz/sentcon/Author/Alvares,_R.V.> ,  

<http://secml.otago.ac.nz/sentcon/Author/Garcia,_A.C.B.>,  

<http://secml.otago.ac.nz/sentcon/Author/Ferraz,_I.> . 
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Section 4.4) to develop the extended ontology. We followed the same development methodology 

followed for related work sections and used OWL Lite as the ontology representation language. 

The ontology was developed using the Protégé ontology editing tool. We also used the 

Bibliographic Ontology to refer to various properties of research articles. A schematic 

representation of the ontology is shown in Figure 5-7 and is provided in owl/xml format in 

Appendix 4-2. 

5.6.1 Sentence Context Ontology for the Full Text of Articles – Scope and Usage 

The primary purpose of the sentence context ontology (sentcon) developed for the full text of 

articles is to facilitate modelling of contexts of sentences in scientific articles, with a key focus 

on citation sentences and their adjacent sentences as discussed earlier. We use the ontology to 

publish contextual information in the Resource Description Framework (RDF) format to support 

Semantic Web applications. An example of a complex RDF graph modelling contexts of 

sentences, which can be created using the ontology was shown earlier in Figure 5-5. 

The key classes of sentcon are the CitationSentence class, the NonCitationSentence class and the 

Author class, which are shown in Table 5-6. The CitationSentence class and the 

NonCitationSentence classes represent the various contexts associated with sentences in research 

articles as described in Chapter 3, and the Author class represents authors of published articles 

and cited articles. The Sentence and the Non-Citation Sentence classes are defined as subclasses 

of the bibo:Excerpt class, which represents ‘a passage selected from a larger work’ in the 

Bibliographic Ontology (Giasson and Darcus, 2011). The bibo:Excerpt class is a subclass of the 

bibo:DocumentPart class, which in turn is a subclass of the bibo:Document Class in the 

Bibliographic Ontology. 

Table 5-6: Key classes of Sentence Context Ontology (sentcon) for Full Text of Articles 
 

Class Membership Condition 

sentcon:CitationSentence  bibo:Excerpt A citation sentence in a research article 

sentcon:NonCitationSentence  

bibo:Excerpt 

A non-citation sentence in a research article 

sentcon:Author An author associated with a research article; instances 

include both citing authors and cited authors 
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bibo:contributor

SENTCON:citesDocument

SENTCON:hasFollowingCitationSentence

SENTCON:hasPrecedingCitationSentence

SENTCON:hasFollowingShortcomingSentence

SENTCON:hasPrecedingShortcomingSentence

SENTCON:hasFollowingIssueSentence

SENTCON:hasPrecedingIssueSentence

SENTCON:hasFollowingDescriptionSentence

owl:Thing

bibo:Excerpt

sentcon:NonCitationSentence sentcon:CitationSentence

sentcon:Author

sentcon:CurrentWorkShortcomingSe

ntence

sentcon:IssueSentence

sentcon:ShortcomingSentence

sentcon:DescriptionSentence

sentcon:MethodologyDescriptionSentence

sentcon:CitationSentence

CompareCitedWorks

sentcon:CitationSentence

ExtendsCitedWork

sentcon:CitationSentenceCitingWork

OvercomesGaps

sentcon:CitationSentenceCitingWork

IdentifiesGaps

sentcon:CitationSentenceCitingWork

RelatedToIssues

sentcon:CitationSentenceIdentify

ShortcomingsInCitedWorks

sentcon:CitationSentenceOvercome

GapsInCitedWorks

sentcon:CitationSentenceCitingWork

RelatedToSubjectIssues

sentcon:CitationSentenceCitingWorkTo

UseOutputsInCitedWork

sentcon:CitationSentenceRelatesResults

WithCitedWork

sentcon:CurrentWorkSentence

sentcon:FutureWorkSentence
sentcon:CurrentWorkOutcomeSe

ntence

bibo:DocumentPart

bibo:Document

 

 

 

5.6.2 The sentcon:CitationSentence Class 

The sentcon:CitationSentence class has various subclasses to describe different contexts 

associated with citation sentences in research articles. The subclasses of the Citation Sentence 

Figure 5-8: Sentence Context Ontology for Sentences in Full Article 

(version 2) 



123 

 

class are listed in Table 5-7. Each of these subclasses characterizes a specific context as 

explained earlier in Chapter 4 (Section 4.3). 

Sentcon also defines various properties for relating instances of the CitationSentence class. 

These sentences characterize the relations between citation sentences and non-citation sentences 

in research articles. Table 5-8 lists various properties of the Citation Sentence class. 

5.6.3 The sentcon:NonCitationSentence Class 

The sentcon:NonCitationSentence class has various subclasses for describing contexts associated 

with non-citation sentences in research articles. Table 5-9 lists the various subclasses of the 

NonCitationSentence class. 

Table 5-7: Subclasses of sentcon:CitationSentence Class 

 

Subclasses of  

Citation Sentence class 

Description 

sentcon:CitationSentenceCompares 

CitedWorks 

Citation sentences that compare cited works. 

sentcon:CitationSentenceCitesWorks 

IdentifyingGaps 

Citation sentences that cite works that identify gaps in 

the research area addressed in the current article 

sentcon:CitationSentenceCitesWorks 

OvercomingGaps 

Citation sentences that cite works that overcome the 

identified gaps 

sentcon:CitationSentenceCitesWorks 

RelatedToIssues 

Citation sentences that cite works related to issues 

addressed in the current article 

sentcon:CitationSentenceIdentifies 

ShortcomingsInCitedWork 

Citation sentences that identify shortcomings or 

research gaps in the cited work 

sentcon:CitationSentenceOvercomes

Gaps 

InCitedWork 

Citation sentences that state how the current work 

overcomes shortcomings or research gaps identified in 

the cited work 

sentcon:CitationSentenceUses 

Outputs 

InCitedWork 

Citation sentences that discuss how the current work 

uses outputs from the cited work 

sentcon:CitationSentenceCompares 

ResultsToCitedWork 

Citation sentences that compare results of the current 

work to the cited work 
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Table 5-8: Properties of sentcon:CitationSentence Class 
 

Property Domain Range 

bibo:cites sentcon:CitationSentence bibo:Document 

sentcon:hasFollowingCitation 

Sentence 

sentcon:CitationSentence sentcon:CitationSentence 

sentcon:hasPrecedingCitationSente

nce 

sentcon:CitationSentence sentcon:CitationSentence 

sentcon:hasFollowingIssueSentence sentcon:CitationSentence sentcon:IssueSentence 

sentcon:hasPrecedingIssueSentence sentcon:CitationSentence sentcon:IssueSentence 

sentcon:hasFollowingShortcoming 

Sentence 

sentcon:CitationSentence sentcon:ShortcomingSentence 

sentcon:hasPrecedingShortcoming 

Sentence 

sentcon:CitationSentence sentcon:ShortcomingSentence 

sentcon:hasFollowingDescription 

Sentence 

sentcon:CitationSentence sentcon:DescriptionSentence 

 

Table 5-9: Subclasses of sentcon:NonCitatationSentence Class 
 

Subclasses of  

Non-Citation Sentence class 

Description 

sentcon:IssueSentence Non-citation sentences that identify the issues addressed 

in the research paper. These could be either background 

issues or issues raised by the author of the article. 

sentcon:ShortcomingSentence Non-citation sentences that refer to shortcomings or 

research gaps, which could be either in the related 

research area or a cited work. 

sentcon:DescriptionSentence Non-citation sentences that further describe a 

previously cited work. 

sentcon:MethodologyDescription 

Sentence 

Non-citation sentences that refer to the methodology 

adopted in the current article. 

sentcon:CurrentWorkOutcome 

Sentence 

Non-citation sentences that refer to the outcome or 

results of the current article. 

sentcon:FutureWorkSentence Non-citation sentences that refer to potential future 

work following from the current article. 

sentcon:CurrentWorkShortcoming 

Sentence 

Non-citation sentences that refer to the shortcomings or 

research gaps in the current article. 
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5.6.4 Data Type Properties 

We defined the data type properties shown in Table 5-10 and also used properties from the 

Bibliographic and Dublin Core ontologies as shown in Table 5-11 to identify characteristics of 

sentences. 

Table 5-10: Data Type Properties in Sentence Context Ontology 
 

Data Type Property Description 

sentcon:sentid Identifies each sentence with a unique sentence ID. The 

sentence ID comprises a combination of the article DOI, 

paragraph number in the article and sentence number in the 

paragraph. 

sentcon:reference Associates a citation sentence with the full reference to the 

work cited in the sentence. 

senton:normalizedReference Associates a citation sentence with the normalized reference 

to the work cited in the sentence. The normalized reference is 

particularly useful for query purposes. 

sentcon:year Associates a citation sentence with the year of the cited work 

in the article. This property is crucial because a citation 

sentence can cite two or more citations published either in 

the same year or in different years. This property helps to 

identify citation sentences with one or more cited works. 

sentcon:keywords Associates a citation sentence with the keywords extracted 

from the respective citation sentence. 
 

Table 5-11: Data Type Properties used from Bibliographic and Dublin Core Ontologies 
 

Data Type Property Description 

bibo:doi Associates a sentence with the document object identifier (DOI) of 

the article. 

dc:title Identifies a sentence with the title of the article. 

dc:creator Associates a sentence with the author(s) of the article. 
 

We used the sentence context ontology to develop various applications that provided citation 

context based services for citation sentences in full-text articles as explained in Chapter 8. 
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5.6.5 Examples of RDF Data created using the Ontology for Full Text of Articles 

We briefly describe in this section the RDF data derived using the sentence context ontology 

developed for the full text of articles. 

Description of Citation Sentences 

Listing 5-7 shows the RDF data created for the citation sentence in a sample paragraph shown in 

Figure 5-9.  As may be seen, the citation sentence is identified to belong to the class 

SentenceCitingWorkRelatedToIssues. Further, the RDF description says that the citation 

sentence has one following issue sentence. The keywords are identified for the citation sentence 

are represented using the data type property sentcon:keyword. The dc:title property imported 

from the Bibliography ontology is used to refer to the title of the article to which the citation 

sentence belongs. 

 

 

 

 

 

Listing 5-7 

 

 

 

 

 

 

 

 

 

<rdf:Description rdf:about="citationwithreference/1001"> 

<sentcon:purpose>Article Uses Cited Work for Research Issues</sentcon:purpose> 

<rdfs:label>Previous reports on our work contain additional details on the unsupervised miner [22], its 

application to a bio-medical corpus [21], and a qualitative evaluation [25].</rdfs:label> 

<sentcon:sentence>Previous reports on our work contain Additional details on the unsupervised miner 

[22], its application to a bio-medical corpus [21], and a qualitative evaluation [25].</sentcon:sentence> 

<bibo:doi>10.1007/11431053_38</bibo:doi> 

<rdf:type rdf:resource="sentcon/resource/SentenceCitingWorkRelatedToIssues"/> 

<sentcon:hasFollowingIssueSentence>To the best of our knowledge, so far only one other approach has 

been presented that addresses the quantitative and automated evalation of an ontology by referring to its 

source corpus.</sentcon:hasFollowingIssueSentence> 

<dc:title>Lexically Evaluating Ontology Triples Generated Automatically from Texts</dc:title> 

<sentcon:keyword>Previous reports</sentcon:keyword> 

<sentcon:keyword>bio-medical corpus</sentcon:keyword> 

<sentcon:keyword>qualitative evaluation</sentcon:keyword> 

<sentcon:keyword>unsupervised miner</sentcon:keyword> 

</rdf:Description> 

Previous reports on our work contain additional details on the unsupervised miner [22], its application to 

a bio-medical corpus [21], and a qualitative evaluation [25]. To the best of our knowledge, so far only one 

other approach has been presented that addresses the quantitative and automated evaluation of an 

ontology by referring to its source corpus. 
 

Source: Spyns and Reingerger (2010) 

Figure 5-9: Sample Paragraph 
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Description of Article Data 

The ontology facilitates distinguishing between two types of articles: citing articles and cited 

articles. While citing article are source articles, cited articles are those that get cited in source 

articles. The article table in the database holds data related to both of these kinds and defining the 

mapping properties (using mapping file of the D2R Server (Bizer and Cyganiak, 2005) for the 

article table results in the URIs for article data. Listings 5-8 and 5-9 provide RDF descriptions of 

a citing article and a cited article, respectively. Note that an article may have separate 

representations as both a cited and citing article and will have separate URIs for these two 

representations. 

As may be seen in the two Listings, the sentcon:documentType property allows distinguishing 

between a citing and a cited article. Further, the ontology also allows distinguishing between two 

types of authors: citing author and cited author – for different kinds of article, through the use of 

data type property sentcon:authorType. With respect to a citing article, the data type property 

bibo:abstract imported from the Bibliographic ontology allows the representation of the abstract 

of the article. Further, the data type properties dc:title and dc:creator are used to represent the 

title and the authors of the citing article respectively. 

With respect to the cited article, the ontology provides for identifying various bibliographic 

properties of the cited article. As seen in Listing 5-9, the data type property 

sentcon:fullReference is used to identify the complete reference of a cited article and the 

properties dc:title and dc:creator are used to identify the title and the authors from the full 

reference of the cited article. Further the data type property sentcon:normalizedReference is used 

to represent a normalized version of the title that allows to achieve uniformity in titles which can 

be used for querying the RDF data. 
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Listing 5-9 

 

 

 

 

 

 

 

 

 

 

 

<rdf:Description rdf:about="article/1"> 

<rdfs:label>Automatic Location of Services</rdfs:label> 

<dc:title>Automatic Location of Services</dc:title> 

<sentcon:year>2005</sentcon:year> 

<sentcon:documentType>Citing Article</sentcon:documentType> 

<rdf:type rdf:resource="sentcon/resource/article"/> 

<dc:creator>Uwe Keller</dc:creator><dc:creator>Ruben Lara</dc:creator><dc:creator>Holger 

Lausen</dc:creator><dc:creator>Axel Polleres</dc:creator><dc:creator>Dieter Fensel</dc:creator> 

<bibo:abstract>The automatic location of services that fulfill a given need is a key step towards dynamic and 

scalable integration. In this paper we present a model for the automatic location of services that considers 

the static and dynamic aspects of service     descriptions and identifies what notions and techniques are 

useful for the matching of both. Our model presents three important     features: ease of use for the requester, 

efficient pre-filtering of relevant services, and accurate contracting of services that fulfill a     given requester 

goal. We further elaborate previous work and results on Web service discovery by analyzing what steps and 

what     kinds of descriptions are necessary for efficient and usable automatic service location. Furthermore, 

we analyze intuitive and formal notions of match that are of interest for locating services that fulfill a given 

goal. Although having a formal underpinning, the proposed model does not impose any restrictions on how 

to implement it for specific applications, but proposes some useful     formalisms for providing such 

implementations.</bibo:abstract> 

<bibo:doi>10.1007/11431053_1</bibo:doi> 

<sentcon:authorType>Citing Author</sentcon:authorType> 

</rdf:Description> 
 

<rdf:Description rdf:about="article/1001"> 

<rdfs:label>Efficient semantic matching</rdfs:label> 

<dc:title>Efficient semantic matching</dc:title> 

<sentcon:year>2005</sentcon:year> 

<sentcon:documentType>Cited Article</sentcon:documentType> 

<rdf:type rdf:resource="sentcon/resource/article"/> 

<sentcon:normalizedReference>Efficient semantic matching</sentcon:normalizedReference> 

<sentcon:fullReference>14. F. Giunchiglia, M. Yatskevich, and E. Giunchiglia. Efficient semantic matching. 

In Proceedings of ESWC, 2005</sentcon:fullReference> 

<sentcon:citID>10.1007/11431053_21_14</sentcon:citID> 

<sentcon:citationSentence>As a matter of fact, [14] shows, that when we have conjunctive concepts at nodes 

(e.g., Images, Europe), these matching tasks can be resolved by the basic DPLL procedure in 

polynomialtime; while when we have full proposition concepts at nodes (example, Images, Computers 

Internet), the length of the original formula can be exponentially reduced by  structure preserving 

transformations.</sentcon:citationSentence> 

<sentcon:authorType>Cited Author</sentcon:authorType> 

<dc:creator>M Yatskevich</dc:creator><dc:creator>F Giunchiglia</dc:creator> 

<dc:creator>E Giunchiglia</dc:creator> 

<sentcon:citingArticleTitle>Web Explanations for Semantic Heterogeneity 

Discovery</sentcon:citingArticleTitle> 

</rdf:Description> 
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5.7 Summary  

We presented in this chapter the Sentence Context Ontologies developed in this study for 

modelling contexts associated with sentences in scientific articles. The initial focus was laid on 

modelling sentences in the related work sections and accordingly, we developed an ontology for 

these sentences. After successfully modelling the related work section, we extended the ontology 

to cover citation sentences appearing in the full-text article. Accordingly, we developed a 

sentence context ontology for the full-text article, which covers all citation sentences in the 

article. Developing an ontology for modelling sentence contexts in research articles was an 

important objective of our study and the results presented in this chapter shows that we have 

successfully achieved this objective. The development of applications using RDF data would be 

discussed in Chapter 8. We now proceed to present the details of our research work for achieving 

the task of automatic context identification in the next chapter. 
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Chapter 6 Text Preparation 
 

 

6.1 Introduction 

One of the key aspects of developing citation context based information tools is the task of 

obtaining structured content from unstructured or semi-structured content stored in scientific 

articles. The Portable Document Format (PDF) is one of the widely used formats for publishing 

scientific articles, and handling PDF documents is a necessary component of systems providing 

citation context-based information services. However, the task of extracting information from 

PDF documents presents challenges due to the way in which content is stored in them and it is 

important to use appropriate systems to obtain reusable content from PDF documents. After 

obtaining reusable content, it is necessary to use Natural Language Processing (NLP) techniques 

such as sentence segmentation and regular expressions to identify features and keywords in 

sentences, and to parse references to identify individual bibliographic entities such as the title 

and author in each of the references. After individually processing the extracted information, it is 

necessary to find/identify the related information within the article. For example, mapping 

citation sentences extracted from the article to the correct references extracted from the reference 

section is necessary to relate citation sentences with references. The mapped information should 

be appropriately stored so that it can be used to provide citation context based information 

services. 

In order to achieve these tasks, we followed a workflow for systematically obtaining and 

managing the structured content from scientific articles. We describe in this chapter various 

components involved in our workflow. 

6.2 Workflow of the Text Preparation System 

The workflow involved in preparing text from PDF file is shown in Figure 6-1. We explain in the 

following sections, each of the modules shown in the figure. 
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6.2.1 Download Manager  

The Download Manager is necessary to automate the process of downloading PDF documents 

and their bibliographic details, due to the large number of documents involved in developing 

citation context based applications. We use XPath expressions and Java HTTP URLs to web 

scrape SpringerLink pages in order to download the test bed of full-text documents and their 

bibliographic details through our institutional license. The full-text documents were stored as 

PDF and indexed by their digital object identifiers (DOIs). The associated bibliographic data 

were stored in XML format. 
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Figure 6-6-1: Workflow of Text Preparation System 
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6.2.2 PDF Document Manager  

The PDF documents downloaded by the download manager were processed by the PDF 

Document Manger to extract usable content from them. At this juncture, it was important to 

choose an appropriate tool for extracting reusable content from PDF documents, due to the 

challenges involved in this process. Some of the common problems encountered while extracting 

information from PDF documents include the following, which can make the extracted content 

unusable: 

 Incorrect space between words – white space may be added or deleted between words 

while extracting text from PDF documents as these documents are created mainly for 

visual display purposes and PDF does not encode spaces as characters.  

 Addition of hyphens – during conversion from PDF to text, hyphens are usually added 

for line breaks in the middle of words, and these are difficult to remove automatically due 

to the possible presence of other hyphens in the text. 

 Superscripting and Subscripting – it is difficult to distinguish between superscript and 

subscript text while converting PDF to text. 

 Special characters – mathematical formulas containing special characters are 

misinterpreted during conversion. Another significant problem is the non-identification or 

misinterpretation of ligatures. 

 Tables – it is difficult to identify the structure and format of tables when converting from 

PDF to text. 

In light of the challenges discussed above, we experimented with different PDF conversion 

software tools for obtaining usable content from PDF documents and finally selected Adobe 

Acrobat 9 Pro (Version 9.0.0). The following steps were followed to extract usable content from 

PDF documents: 

1. Crop PDF Files – It is important to remove the header and footer information from PDF 

documents, as it might be difficult to separate these components after conversion to text 

format. Therefore, as a first step, we used cropped PDF files at a pre-designated margin 

to remove the header and footer information. 
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2. Convert PDF to text and XML files – The cropped PDF files were then converted to text 

and XML files using the batch processing mechanism available in Adobe Acrobat. The 

XML version of the article created by Adobe Acrobat was necessary to identify the 

sections to which the extracted text belonged. The section information was important for 

defining section features while carrying out our machine learning experiments. 

6.2.3 Paragraph Extractor 

The Paragraph Extractor took the text produced by the PDF Document Manager and extracted 

from it only the paragraphs with citation sentences. This was in line with the objective of our 

study of providing citation context based information services, which required text surrounding 

citations, and therefore we focused only on paragraphs with citations. The Paragraph Extractor 

module was developed in Python. It checked for the presence of citations in paragraphs and 

accordingly extracted paragraphs with citations. The module also identified the section to which 

the extracted paragraph belonged, using the XML content produced by the PDF Document 

Manager. The module used bookmarks in the XML files to identify the corresponding section 

headings for citation paragraphs in the article. The section information was necessary to define 

section features for our machine learning experiments, which will be discussed in Chapter 6. 

6.2.4 Keyword Manager 

Identifying keywords in citation sentences facilitates providing information services using the 

keywords. For example, it would be possible to retrieve citation sentences for a specific keyword 

over a period of time in order to sketch the intellectual lineage of the keyword. Therefore, in 

order to identify keywords in citation sentences, we developed the Keyword Manager module, 

which used topia.termextract, a Python keyword extraction library. This used Part-of-Speech 

(POS) information and simple statistical analysis to determine terms and their strengths. The 

citation paragraphs produced by the Paragraph Extractor were provided as input to the Keyword 

Manager. 

6.2.5 Feature Manager 

An important objective of our study was to develop systems that automatically identified 

contexts associated with sentences. In order to achieve this, we used supervised learning 
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methods, which required normalizing sentences into features. Accordingly, we defined a set of 

features based on the key terms and phrases present in the sentences. The supervised learning 

experiments are discussed in detail in Chapter 7. The function of the Feature Manager in our 

workflow is to identify features based on the categorization of terms defined in the supervised 

learning experiments. A significant challenge was to segment sentences and in order to solve 

this, we used Natural Language Toolkit (NLTK) to perform sentence segmentation. We used 

regular expressions extensively to identify the presence of different terms and phrases 

responsible for defining features for sentences. 

6.2.6 MALLET Classifier 

As discussed in Chapter 3, we used Conditional Random Fields (CRFs), a sequential classifier, 

to classify sentences according to our annotation scheme. To this end, we used MALLET, a 

Java-based toolkit that provided an implementation of first-order linear chain CRFs. The features 

obtained from the Feature Manager were provided as input to the MALLET classifier in order to 

classify the sentences. The classifier used the input features as test data to run against the 

classifier model obtained from the training dataset discussed in Chapter 7. The classifier returned 

labels for each of these feature sets that indicated the contexts associated with sentences. 

6.2.7 Relationship Manager 

The Relationship Manager plays an important role by relating the results obtained from the 

Paragraph Extractor, Feature Manager and the MALLET Classifier. The sentences in the citation 

paragraphs were related to their respective features and labels. The Relationship Manager also 

created links between sentences in order to associate all related sentences for a given citation 

sentence. 

6.2.8 Reference Manager 

The references section plays an important role in developing citation context based information 

tools. It is important to identify the bibliographic entities in each of the references cited in the 

article in order to relate them to the corresponding citation sentences. We developed in our study 

various modules in Python to handle the task of bibliographic information extraction from the 
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reference sections of scientific articles. The key functions of the Reference Manager are as 

follows: 

 Extractor – Extracts the references section from the text files produced by the PDF 

Document Manager. 

 Splitter – Identifies boundaries of individual references in references section to obtain 

individual references. 

 Bibliographic Entity Identifier – Identifies bibliographic entities such as author names, 

article title and article source from each of the individual references. 

6.2.9 Bibliographic Data Manager 

While web scraping PDF articles from SpringerLink pages (described earlier in Section 6.2.1), 

we also web scraped bibliographic data for the downloaded articles, in order to link the extracted 

content from articles with its respective bibliographic data. The bibliographic data were 

downloaded in XML format and in order to process this, we developed the Bibliographic Data 

Manager in Python using lxml, a library for working with XML and HTML in Python. The 

Bibliographic Data Manager parsed XML content and extracted individual bibliographic entities 

such as author names, article title and article source from this content. 

6.2.10 Database Manager 

The Database Manager was developed using Python and MySQL to store different types of data 

such as sentences extracted from articles, bibliographic data obtained from web scraping and 

parsing reference sections of articles, and keywords extracted from citation sentences. 

6.2.11 D2R Server 

In order to generate citation contextual data in Resource Description Format (RDF), we used 

D2R Server (Bizer and Cyganiak, 2005), which facilitates generation of RDF data from a 

relational database. The mapping file of the D2R Server was appropriately configured in 

accordance with the Sentence Context Ontology described in Chapter 5 in order to derive RDF 

data. 
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6.2.12 Citation Context based Applications 

The resulting data was used for developing various applications. These included a standalone 

application for a small dataset of 20 articles, a linked data application for papers published in the 

European Semantic Web Conference (ESWC) series, and applications developed using 

SpringerOpen, Sciverse and Scopus Web APIs. The applications are explained in detail in 

Chapter 8. 

6.3 Summary 

We presented in this chapter the different text extraction and preparation techniques used in our 

study for achieving the objective of creating structured content from unstructured content in 

research articles. To this end, we used file conversion software for obtaining reusable content by 

converting PDF files into text files. We also developed various modules in Python and Java for 

extracting the required information from the converted text files. These efforts resulted in 

creating structured content that could be used for conducting supervised learning experiments 

and developing citation context based information systems, as will be discussed in Chapters 7 

and 8, respectively. 
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Chapter 7 Automatic Context-Type Identification using CRFs 

 

 

7.1 Introduction 

In Chapter 2 (Section 2.5) we presented our rationale for using sequential classification models 

to identify the contexts associated with sentences. The sequential classification problem is well 

known in various fields such as computational linguistics, part of speech tagging, speech 

recognition and computational biology. The key objective in sequential classification is to 

identify the best sequence of labels given an observation sequence. For example, in part of 

speech tagging, the objective is to identify the best sequence of tags given a sequence of words. 

A common approach for solving this problem has been the use of generative models such as 

Hidden Markov Models (HMMs). Generative models find a joint probability distribution p(x,y) 

over the observation and label sequences, which is useful if the trained model is used to generate 

data. However, these models are of less use in labeling sequential data which requires 

conditional models that specify        over label sequences given the observation sequence, thus 

eliminating the cost of modelling the probabilities of all possible observation sequences. 

Conditional Random Fields (CRFs) provide such a probabilistic framework for labelling 

sequential data. CRFs also have an advantage over other non-generative models such as 

Maximum Entropy Markov Models (MEMMs) by avoiding a weakness called the label bias 

problem. Further, CRFs have been successfully applied for various sequential learning problems. 

We therefore use CRFs to solve our problem of sentence context identification. This chapter 

discusses our experiments and results achieved using CRFs for context identification. Before 

proceeding to the results and the experiments with CRFs, we provide an overview of HMMs, 

MEMMs and CRFs and briefly describe the difference between them. 
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7.2 Sequential Classification Models: From HMMs to CRFs 

7.2.1 Hidden Markov Models25 

Hidden Markov Models (HMMs) have been successfully applied to various data labeling tasks 

such as part of speech tagging (POS) (Kupiec, 1992), speech recognition (Rabiner, 1989), 

gesture recognition (Elmezain et al., 2008; Tanguay, 1995) and handwriting recognition (Hu et 

al., 1996). They are widely used for inferring information from incomplete sequential datasets. 

Generative in nature, HMMs facilitate modelling both observed events such as words that are 

seen in the input and hidden events such as part of speech tags. Formally, an HMM is defined by 

the following: 

 A finite set of States S; 

 A set of possible observations O; 

 A state transition probability A; 

 An observation probability distribution B (also called as emission probabilities); and  

 The initial start and end state (q0, qF).  

A representation of an HMM as a directed graph is shown in Figure 7-1 with nodes St and Xt 

representing the state (label) of the HMM at time t and the observation at time t, respectively. 

The probability of the state at time t depends only on the state at t – 1. Similarly, the observation 

generated at time t depends only on the state of the model at time t.  

 

 

 

 

  

The use of HMMs in POS tagging application is a special case of Bayesian inference or Bayesian 

classification. In a POS tagging application, the task is to choose the best sequence of tags that 

                                                 
25

 We follow Jurafsky and Martin (2009). for explaining HMMs 
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Sn 

Figure 7-1 Graphical Representation of Hidden Markov Model 
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corresponds to the given sequence of words. In other words, for a given sequence of n words    

it is required to identify out of all sequences of n tags   , the single tag sequence such that 

           is highest 

                           (7.1) 

Using Bayes’ rule, the conditional probability of x given y can be computed as follows: 

                     

    
      (7.2) 

Applying Bayes’ rule for finding the probability of the tag sequences we get: 

          
    

            

     
     (7.3) 

The denominator       in equation (7.3) can be ignored as the word sequence would remain 

the same for all tag sequences and thus the most probable tag sequence can be found using: 

 

                              (7.4) 

Thus, the product of two probabilities can be computed for each tag sequence and the highest 

product can be chosen to identify the most probable tag sequence    given a string of words   
 . 

The two probabilities are also called the likelihood of the word string            and the prior 

probability of the tag sequence      . 

In order to simplify the task of computation, HMM taggers apply two simplifying assumptions: 

1. the probability of a word appearing is dependent only on its own POS tag and is 

independent of other words and tags around it; and  

2. the probability of a tag appearing is dependent only on the previous tag. 

Substituting these two assumptions in equation 7.4 results in: 

                       
 
               (7.5) 

likelihood prior 
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Thus the current tag    depends on the previous tag     , and the current word    depends on the 

current tag   . An HMM is a generative model that optimizes the likelihood        and the 

posterior probability is estimated by combining the likelihood and the prior     .  In equation 

7.5, two kinds of probabilities are computed – tag transition probabilities and word likelihoods 

for identifying the most probable sequence. Learning in HMMs is carried out by standard 

algorithms such as the forward-backward or Baum-Welch algorithm (Baum et al., 1970), which 

is a special case of the Expectation-Maximization or EM algorithm. The algorithm facilitates in 

training both transition probabilities and emission probabilities of an HMM. 

Limitations of HMMs 

As seen above, an HMM models only the direct dependence between each state and only its 

corresponding observation. However, for a sequential labeling task the state may depend not 

only on the current observation but also on other features of the sentence. For instance, the NLP 

task of sentence segmentation does not depend only on a single word but also on the features of 

the full sentence, such as sentence length, indentation and amount of white space (McCallum et 

al., 2000). Similarly for a POS tagging task, the classification can be significantly improved by 

using other features such as information about surrounding words, whether a word starts with an 

upper case letter or whether a word includes a special character such as a hyphen or exclamation 

mark (Ratnaparkhi, 1996).  Further, HMM is a generative model that defines a joint probability 

distribution p(x,y) over observation and label sequences. Such a model would be useful if the 

training model is used to generate data. However, the task of labeling data generates conditional 

distribution which requires conditional models that specify        over label sequences given the 

observation sequence. 

Thus, HMMs are observed to suffer from two key problems: (a) they do not provide for 

incorporating features that allow richer representation of observations and (b) they follow a 

traditional approach of employing a generative model for solving a conditional problem. 

McCallum et al. (2000) proposed Maximum Entropy Markov Models (MEMMs) as a solution to 

these problems, which are described in the following section. 
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7.2.2 Maximum Entropy Markov Models (MEMMs) 

MEMMs (McCallum et al., 2000) are a form of conditional models that are designed to 

overcome the limitations of HMMs. MEMMs have been successfully applied in various labelling 

and segmenting tasks such as POS tagging (Ratnaparkhi, 1996) and segmentation of texts 

(McCallum et al., 2000). 

As seen in equation 7.5, HMMs are generative models that optimize the likelihood        and 

then estimate the posterior probability by combining the likelihood and prior     . In contrast to 

HMMs, MEMMs directly compute the posterior         MEMMs are discriminative models as 

they train the model directly to discriminate the best possible tag sequence from among the 

possible tag sequences. In MEMMs, the probabilities are computed as follows: 

                                  
 
       (7.6) 

In contrast to HMMs, which have two separate models for likelihood and priors, MEMMs train a 

single probabilistic model to estimate                         MEMMs compute a single 

probability function at each state, conditional on the previous state and current observation. 

HMMs compute distinct probabilities for each transition and observation, whereas an MEMM 

computes only one probability estimate per hidden state i.e. the probability of the next tag given 

the previous tag and the observation. McCallum et al. (2000) observe that the use of state-

observation functions in MEMMs facilitates the useful feature of modelling transitions in terms 

of multiple, non-independent features of observations. They use the maximum entropy 

framework to model these features.  

The maximum entropy framework follows the principle that the best model is the one that is 

consistent with constraints observed in the training data, but otherwise makes the fewest possible 

assumptions. The maximum entropy principle has been successfully applied for various Natural 

Language Processing tasks (Berger et al, 1996 and Della Pietra et al., 1997). The Maximum 

Entropy framework (MaxEnt for short) also known as multinomial logistic regression, belongs to 

the family of exponential or log-linear classifiers. Computation using MaxEnt models involves 

extraction of some set of features from the input that are combined linearly i.e., each is 
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multiplied by a weight and these values are then added, followed by using the sum as an 

exponent. 

The probability that y belongs to a class c given x is computed in MaxEnt using the following 

equation.  

        
 

     
           

 
                  (7.7) 

where          are indicator functions that take binary values 0 or 1 and indicate the presence of 

a feature i for a particular class c for a given observation x,      are parameters to be learned, and  

                     
 
       

      is the normalization constant that makes the distribution 

sum to one across all next states   .  

Learning in MaxEnt is the process of finding parameters w that maximize the log likelihood of 

the M training samples: 

                                   (7.8) 

One of the challenges of MaxEnt is the design of appropriate features and feature combinations 

which is done manually with careful analysis. MaxEnt is used to classify a single observation 

into one of a number of the classes in a discrete set and is not used for sequential classification. 

MEMM is an augmentation of the basic MaxEnt classifier for achieving sequential classification, 

that is assigning a class for each element in the sequence. The Viterbi algorithm (Forney, 1973) 

is used for decoding along with MaxEnt to achieve sequential classification. A representation of 

a MEMM as a directed graph is shown in Figure 7-2 with nodes St and Xt representing the state 

of the MEMM (label) at time t and the observation at time t, respectively.  
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Figure 7-2: Graphical Representation of a Maximum Entropy Markov Model 
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The separate distributions in an MEMM have the form 

                       (7.9) 

i.e., the probability of the state at position i depends on the state i-1 and the observation at i. 

The maximum entropy distribution is a conditional exponential model of the form 

           
 

    
                     (7.10) 

where    are parameters to be estimated from the training data,    is a feature function that takes 

two arguments (the current observation and a potential next state) and      is the normalizing 

factor that makes the distribution sum to one across all next states  . 

Label Bias Problem 

Maximum Entropy Markov Models are observed to suffer from label bias problems, in which the 

transitions leaving a given state compete only against themselves, instead of competing against 

all other transitions in the model. Given the current state and the observation sequence, transition 

scores primarily indicate conditional probabilities of moving from the current state to the next 

state. This per-state normalization of transition scores implies that the total score arriving at a 

particular state must be distributed to its successor states. However, while an observation can 

affect the total score for a destination, it does not affect the scores passed to the successor states. 

This results in a bias in favour of states with fewer outgoing transitions. 

 

 

 

 

 

The label bias problem can be explained with the use of the example shown in Figure 7-3 

provided by Lafferty et al. (2001). The figure is a visualization of the transition probabilities of 

the MEMM model for the character sequence ‘rib’ and ‘rob’. For every node in the graph, each 

0 

1 

4 

2 

5 

3 

r 

r 

i 

o 

b:rib 

b:rob 

0.5 

0.5 

1 

1 

1 

1 

Figure 7-3: Label Bias Problem (Source: Lafferty, McCallum and Pereira, 2001) 
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outgoing arc gives one possible transition and the sum of all out going transitions should be 

equal to 1. In Figure 7-3, node 0 has two outgoing arcs and thus, each has a transition probability 

of 0.5. The transitions from 1–>2, 2–>3, 4–>5 and 5–>3 have no alternative outgoing transition 

and thus have a transition probability of 1. This is irrespective of the observation, i.e. 

        i                , as each of these nodes have only one valid outgoing transition.  

Let’s assume that in the training data ‘rib’ and ‘rob’ are always labeled as 0123 and 0453 

respectively. Now suppose, we observe three ‘rib’s and one ‘rob’ in the training data. The per-

label normalization, which allows to decompose the joint probability of the sequence and train 

local models separately, results in         r        and         r       , when presented 

with ‘r’ as we see 0 –> 1 three times more often than 0 –> 4 in the training data. The transition 

probabilities for such a scenario are shown in Figure 7-4. 

 

 

 

 

 

 

During the inference stage, when we are required to find a sequence for ‘rob’ we have: 

 (x1, x2) = argmax_(x1, x2) Pr(0 –> x1 –> x2 –> 3   “rob”) 

   = argmax_(x1, x2) Pr(x1 0, “r”) Pr(x2 x1, “o”) Pr(3 x2, “b”) 

Thus, the most likely path produced by the MEMM would be 0–>1–>2–>3 and the label 

sequence obtained would be 0123 rather than 0453 because         o     and also 

        r  >         r  . This implies that as long as one sequence appears more frequently 

than the other in the training data, during the inference state the model would select the label 

sequence that appears more often. Conditional Random Fields (CRFs) were introduced to 

overcome this problem which replaced transition probabilities between transitions by weights 

and also by adding a normalization constant in the denominator to fulfill the normalization 

requirement of the whole sequence. We explain in the following section the CRF model. 
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Figure 7-4: Transition Probabilities for Training Data with three ‘rib’s and one ‘rob’ 
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7.2.3 Conditional Random Fields (CRFs)26 

Conditional Random Fields (Lafferty et al., 2001) are undirected graphical models, where the 

structure of the graph encodes strong independence relationships between labels and also 

overcomes the label bias problems seen in MEMMs (McCallum et al., 2000). The term 

conditional in the name of the model appears because CRFs are probabilistic models that are 

conditional on the observations, that is, the structure of the graph encodes independence 

relationships between labels and not the observations (Vail, 2008). The undirected graphical 

structure allows for a single joint probability distribution over the entire label sequence for an 

observation sequence, rather than defining per-state distributions over the next states given the 

current state (Wallach, 2008).  

The graphical structure of a linear chain CRF model is as shown in Figure 7-5. This model 

implicitly defines conditional independence assumptions between variables. Conditional 

independence assumptions follow the rule that two variables yi and yj are conditionally 

independent if and only if all paths in the graph between two nodes are blocked by an observed 

variable. In Figure 7-5, the observation sequence X is always observed and so, all paths between 

labels that pass through X are blocked. Thus, given the value of yt, all previous labels yi such that 

i <  t are conditionally independent of all following labels yj such that j > t. Thus, the CRF shown 

in Figure 7-5, makes a first-order Markov assumption. 

 

 

 

 

The graphical structure of the model also facilitates a functional form of the distribution. The 

function        factors into the product of various terms, called clique potentials. Each term is a 

subset of the variables in the full model and the specification for grouping these variables to form 

clique potentials is provided by the graphical structure. 

                                                 
26 We combine features of the presentations of Lafferty et al. (2001) and Vail (2008) for explaining CRFs 

y1 y2 y3 y4 

x 

Figure 7-5: Linear Chain CRF  
(Source: Vail (2008)) 
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More formally, let G be an undirected graph with edge set E and vertex set V. The Hammersly-

Clifford theorem (Hammersley and Clifford, 1971) specifies a factorization for the joint 

probability of all variables in the model. The conditional probability        must factor 

according to the clique potentials of       . The conditional probability of the labels given the 

observations in a CRF factors according to: 

        
 

  
                          (7.11) 

for some family of clique functions   . 

The normalization constant is computed by summing over all possible label sequences   , which 

is tractable for linear chain structures using dynamic programming. 

                            (7.12) 

Conditional Random Fields use a particular functional form for their clique functions: 

 

                                                     (7.13) 

 

 

where w and w’ are real-valued weight vectors,   is a vector of real-valued first-order feature 

functions (also known as transition feature functions), and   is a vector of real-valued zero-order 

feature functions (also known as state feature functions). The use of zero-order feature functions 

is optional. 

Feature Functions 

Feature functions are the key components of CRFs. They are arbitrary, real-valued functions, 

which are designed to capture local properties and interactions between the variables in each 

clique. In a linear chain CRF, the general form of a feature function is               , which 

looks at a pair of adjacent labels         and the input sequence    at a given time  .  

The vectors of feature functions are generated from a set O of real-valued observation feature 

functions of the form       . An example of such an observation feature function is: 
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The vector of first-order feature functions contains all functions of the following form, where 

  and     are members of the set of all possible labels and oO: 

                 
                              

                                                 
  

Similarly, if zero-order features are used, then the vector   of state (or zero-order) feature 

functions contains all functions of the following form, where   is a label and oO: 

            
                         
                              

  

For first-order features, the model includes a separate weight for each choice of observation 

feature function o and possible label transition from   to   . For some problems, or when the 

training data is sparse, there may be insufficient training instances in which this observation 

feature is present in the context of each possible label transition, and thus some weights cannot 

be learned reliability. In these cases, it is useful to use zero-order features, as discussed further in 

Section 7.3.3. 

 

CRF – An Illustrating Example 

We provide in this section an illustration of CRF with some sample data. Consider the training 

data shown in Figure 7-6. The training data is a normalized representation of two paragraphs 

along with their labels. Each line in the training data represents a sentence in the paragraph and 

the last term in each line is the label given for the sentence. The other terms are features defined 

for the sentence. We used MALLET (McCallum, 2002), a Java based tool to train our CRF 

classifier model. The weights computed by MALLET for a first order linear chain CRF using the 

training data is provided in Table 7-1. As seen in Table 7-1, the weights are created for each 

feature for each transition from state si to sj. The transitions along with the weights observed for 

each feature for respective transitions are shown graphically in Figure 7-7. 
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Table 7-1: Weights in CRF for Features in Training Data 
 

Feature 

START,        

BG 

START, 

RWD_CS 

BG, 

RWD_CS 

BG, 

CWO 

RWD_CS, 

RWSC 

RWD_CS, 

RWO 

RWSC, 

BG 

RWSC, 

RWD_CS 

RWO, 

RWD 

RWD, 

RWSC 

sentHasTerm=BGT 0.976 - - - - - 1.33 - - - 

prevSentHasCitation  - - - - 1.04 1.2 - - - - 

sentHasCitation  - 0.296 1.09 - - - - 0.86 - - 

sentHasTerm=SOI_CIT  - 0.296 1.09 - - - - 0.86 - - 

sentHasTerm=RES - - - 1.65 - - - - - - 

sentHasTerm=SCT - - - - 0.95 - - - - 0.89 

sentHasTerm=SOI_NO_CIT  - - - - 0.94 - - - 0.94 0.86 

sentHasTerm=SPN - - - - 0.59 1.15 - - 0.89 0.81 

sentHasTerm=OCT - - - - - 1.56 - - - - 
 

 

 

 

 

 

 

 

 

sentHasTerm=BGT BG 

sentHasCitation sentHasTerm=SOI_CIT RWD_CS 

sentHasTerm=SPN sentHasTerm=SOI_NO_CIT sentHasTerm=SCT prevSentHasCitation RWSC 

sentHasCitation sentHasTerm=SOI_CIT RWD_CS 

sentHasTerm=SPN sentHasTerm=OCT prevSentHasCitation RWO 

 

sentHasCitation sentHasTerm=SOI _CIT RWD_CS 

sentHasTerm=SPN sentHasTerm=OCT prevSentHasCitation RWO 

sentHasTerm=SPN sentHasTerm=SOI_NO_CIT RWD 

sentHasTerm=SPN sentHasTerm=SOI_NO_CIT sentHasTerm=SCT RWSC 

sentHasTerm=BGT BG 

sentHasTerm=RES CWO  

Figure 7-6: Sample Training Data 

Figure 7-7: Weights in CRF for transitions for the Sample Training Data 

START 

BG 

CWO 

 

RWD_CS 

 

RWSC 

RWO 
RWD 

BGT – 0.976 

RES – 1.65 

BGT – 1.33 

PSHC – 1.04 

SCT – 0.95 

SOI_NC – 0.94 

SPN – 0.59 

SHC – 0.86 

SOI_C – 0.86 

PSHC – 1.2 

SPN – 1.15 

OCT – 1.56 

SOI_NC – 0.94 

SPN – 0.89 

SCT – 0.89 

SOI_NC – 0.86 

SPN – 0.81 

PSHC – 1.2 

SPN – 1.15 

OCT – 1.56 

SHC – 0.296 

SOI_C – 0.296 

SHC – 1.09 

SOI_C – 1.09 
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Given such a scenario, let us say, we test the classifier on sample data of two sentences that has 

the features shown in Figure 7-8:  

 

 

 

The feature observed in the test data from state START to state 1 is sentHasTerm=BGT (referred 

as BGT in further explanation). The graph shown in Figure 7-7 has two transitions from START: 

BG and RWD_CS. However, the CRF has observed a weight of 0.976 for the feature BGT from 

START to BG and there is a weight of 0 for the CRF (not shown in the figure) feature BGT from 

START to RWD_CS. Thus, the feature function has value of 1 only from START to BG and is 0 

for the other transition. Similarly, the second feature in the test data, sentHasCitation 

(abbreviated SHC) is present for the transition from BG to RWD_CS. Thus, the only sequence 

with a non-zero value, given the feature values would be  

             
 

  
                                                              (7.14) 

Thus, the sequence provided by CRF would be <BG, RWD_CS> 

CRFs – Solving the Label Bias Problem 

CRFs do not suffer from the label bias problem observed in MEMMs. CRFs replace the 

transition probabilities between states with weights for each transition (as explained above) and 

add the normalization constant in the denominator to fulfill the normalization requirement of the 

whole sequence.  

7.3 Experiments with CRFs for Context Type Identification 

As we have mentioned earlier, our initial experiments were carried out with related work 

sections of articles and these were then extended to consider sentences in the article. We 

followed a similar path when conducting experiments with CRFs for automatic context 

identification by first considering sentences in related work sections and then considering those 

in the full article. The methodology adopted for the related work section was also followed for 

sentHasTerm=BGT 

sentHasCitation 

 

Figure 7-8: Sample Test Data 
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the full article. Even though we had a priori knowledge about citation sentences and non-citation 

sentences having two different sets of classes, we experimented with only one classifier, using 

both type of classes together, retaining the sequential order of the sentences, in order to learn the 

sequential pattern present among sentences in paragraphs.. We present in this section the details 

of these experiments. 

7.3.1 Methodology 

The following methodology was followed for carrying out experiments for sentences in related 

work section and the full article. 

1. Choose Dataset – As a first step, we required a dataset that could be used for conducting 

experiments. To this end, we choose scientific articles published in the Lecture Notes in 

Computer Science (LNCS) collection at springerlink.com [25]. The reason for choosing 

LNCS articles was because these articles provided a uniform referencing style that is 

easier to identify.  

2. Choose Training Software – In order to create a CRF classifier model, we required 

software that provided an implementation of CRF. To this end, we selected MALLET 

(McCallum, 2002), a Java-based package that provides an implementation of linear chain 

CRF algorithms for working with sequential data. 

3. Feature Definition and Selection – We defined a number of features for obtaining a 

representation of sentences and carried out feature selection experiments to evaluate the 

defined features. 

4. Evaluation Metrics – A 10-fold cross validation was performed and a confusion matrix 

was created for analyzing the performance of different feature sets on the training dataset. 

We computed precision, recall and the F-score for measuring classification accuracy for 

each label.  The F-score is computed as follows: 

   
    

          
;     

    

          
;     

    

   
 

where P represents precision, R represents recall, TP is the set of true positive, TN is the 

set of true negatives, and FP is the set of false negatives. We also report macro and micro 

average F-scores for evaluation. Macro average F-score calculates the recall and 

precision metrics for each category and averages them and micro average F-score 
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calculates the total number of true positives, false positives, and false negatives across all 

classes and uses these labels to calculate recall and precision scores (Yang and Liu, 

1999). 

5. Training and Test Data – Finally we split the dataset into training and test datasets and 

tested classification accuracy on the test dataset using the classifier model created using 

the training dataset. 

7.3.2 Experiments with Related Work Section 

We describe in this section the experiments carried out for identifying context types of sentences 

in related work sections. We followed the above methodology for carrying out these 

experiments. 

Dataset – In order to carry out experiments with related work sections, we created a dataset that 

consisted of 20 research articles randomly selected from LNCS. The related work section in each 

of these articles was manually extracted for the purpose of this study. The training set of 20 

research articles provided 200 paragraphs which had a total of 1063 sentences. 

Feature Definition – After identifying our dataset, we defined the following two types of 

features for each of the 1063 sentences in the dataset. 

Citation Features 

Citation features indicate whether a given sentence has a citation or not. The distinction is made 

based on the presence of a numbered citation reference in the sentence. In addition, references to 

citations can be made using the names of authors listed in the references section that appear in 

the references section without using a number. To detect such cases, the application looks within 

each sentence for author names that appear in the references section and terms such as ‘et al.’, to 

decide the status of the sentence. We used regular expressions for identifying the presence of the 

terms discussed above. 

 

Sentence Features 

As described in Chapter 3 (Section 3.2), the methodology followed during identification of 

context types for sentences had two components. 
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Xu and Saadawi [3] evaluate the performance of TCP over wireless chains. They demonstrate that TCP 

traffic in a chain has instability problems that degrade chain throughput.  

Source: Majid et al (2009) – Appendix 5-3 

1. Identify terms and phrases that contribute in setting the context type of the sentence. 

2. Define a context type for the sentence 

The objective of identifying terms and phrases was to use them for defining features for 

sentences for carrying out machine learning experiments. Thus, each of the 1063 sentences in our 

dataset was manually analyzed to identify the terms. The details of the terms identified are 

discussed in the following section. 

Terms Identified in Related Work Section – The task of term identification resulted in 

identifying a range of terms and phrases that contributed in defining the context type of the 

sentence. The process of identifying terms and phrases for sentences in related work sections was 

discussed in Chapter 4 (Section 4.3.4) and the details of the ten categories defined for the terms 

and phrases was presented in Table 4-1. We used these terms for defining term features for our 

experiments. The list of terms and phrases for sentences in related work sections is provided in 

Appendix 2-1. 

The categorization of terms helped in defining two types of sentence features for sentences – a) 

simple features; and (b) compound features. Simple features are created for a sentence by 

checking for a match against the terms mentioned in Table 4-1. If any of these terms were 

present in the sentence, accordingly a corresponding feature was added to the sentence. 

However, we had to follow some rules for defining certain features for sentences. We call them 

compound features. It was observed that terms belonging to the category of ‘Subject of Inquiry’ 

appeared more commonly in both citation sentences and non-citation sentences. For instance 

consider the following sentences:  

 

 

 

 

As may be seen in the above sentences, terms such as evaluate and demonstrate belonging to the 

category of ‘Subject of Inquiry (SOI)’ appear both in the citation sentence (sentence 1) as well as 

the sentence following the citation (sentence 2). Following the principle of simple features 

described earlier, the feature resulting from the presence of an SOI term would be defined for the 
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sentence. However, the classes to which these two sentences belong are different. While the first 

sentence is a citation sentence describing the related work and belongs to the class of 

RWD_CS27, the second is not a citation sentence and belongs to the class of RWD28. Also, the 

second sentence is related to the previous sentence, further describing the work cited earlier. We 

noticed that the definition of the same feature for both sentences did not add much value for the 

classifier in classifying them into different categories. The classifier most often predicted the 

same class for both the sentences. Thus, in order to distinguish between the two classes, we 

created compound features that identified whether the SOI term belonged to a citation sentence 

or a non-citation sentence, resulting in improving the accuracy of the classifier. In total, we 

defined 13 types of features for sentences as shown in Table 7-2.  

 

Table 7-2:  Features for Sentences in Related Work Section 
 

 Feature Description 

Citation Features 

1.  sentHasCitation Sentence has citation 

2.  prevSentHasCitation Previous sentence has citation 

Simple Features  

3.  sentHasTerm=BGT Sentence has a background context term 

4.  sentHasTerm=OCT Sentence has an outcome term 

5.  sentHasTerm=STH Sentence has a strength term 

6.  sentHasTerm=SCT Sentence has a shortcoming term 

7.  sentHasTerm=SPN Sentence has a subjective pronoun 

8.  sentHasTerm=WOS Sentence has a word of stress term 

9.  sentHasTerm=AAT Sentence has an alternate approach term 

10.  sentHasTerm=RES Sentence has a term referring to current work outcome 

11.  sentHasTerm=CON Sentence has a contrasting term 

Compound Features 

12.  sentHasTerm=SOI_CIT Sentence has citation and subject of inquiry term 

13.  sentHasTerm=SOI_NO_CIT Sentence has no citation and has subject of inquiry term 

 

 

                                                 
27 Related Work Description – Citation Sentence 

28 Related Work Description 
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Normalization 

Each of the sentences was represented by a set of features listed in Table 7-2. For example, the 

translation of a sample paragraph into a set of features is shown in Figure 7-9. 
 

 

 

 

  

 

 

 

 

 

 
 

 

Two different datasets were prepared from the training set. The first dataset was developed using 

only sentence features, and the second dataset was developed using both citation features and 

sentence features. Figures 7-10(a) and 7-10(b) show the two different sets of features defined for 

the paragraph shown in Figure 7-9(a). 

 

 

 

 

 

 

 

 

 

The results showing precision, recall and F-score for each of the classification labels are 

tabulated in Table 7-3. 

 

 

(a) Sample Paragraph from Related Work Section 
 

Sentence 1: Several researchers have been studying the behavior of chains in 

MHWNs.  

Sentence 2: Li et al. examine the performance of chains as the number of hops 

are increased and study the effect of cross-interference between chains [5].  

Sentence 3: They analyze the effect of MAC 802.11 behaviour on the 

performance of multi-hop chains but do not categorize interference patterns 

that govern network performance in terms of throughput and bandwidth 

utilization.  

Sentence 4: Ping et al. present a hop by hop analysis of a multi-hop chain, 

study the impact of hidden terminals on the throughput chains, and present a 

quantitative approach towards estimating this throughput [6].  

Sentence 5: They show that hidden terminals cause packet drops affecting 

chain throughput and causing route stability.          

 

Source: Majeed et al. (2009)  

(b) Features Created for Sample 

Paragraph 

 

Sentence 1: sentHasTerm=BGT 
 

Sentence 2: sentHasCitation 

sentHasTerm=SOI_CIT 
 

Sentence 3: prevSentHasCitation 

sentHasTerm=SPN sentHasTerm=DES 

sentHasTerm=SCT 
 

Sentence 4: sentHasCitation 

sentHasTerm=SOI_CIT 
 

Sentence 5: prevSentHasCitation 

sentHasTerm=SPN sentHasTerm=OCT 

 

(a) Features Created for Sample Paragraph 

 

sentHasTerm=BGT 
 

sentHasTerm=SOI_CIT 
 

sentHasTerm=SPN sentHasTerm=DES sentHasTerm=SCT  
 

sentHasTerm=SOI_CIT 
 

sentHasTerm=SPN sentHasTerm=OCT 

 

(b) Features Created for Sample Paragraph 

 

sentHasTerm=BGT 
 

sentHasCitation sentHasTerm=SOI_CIT 
 

prevSentHasCitation sentHasTerm=SPN 

sentHasTerm=DES sentHasTerm=SCT 
 

sentHasCitation sentHasTerm=SOI_CIT 
 

prevSentHasCitation sentHasTerm=SPN 

sentHasTerm=OCT 

Figure 7-9: Features created for a sample paragraph in a related work section 

Figure 7-10: (a) Sentence Features; (b) Sentence and Citation Features 

 



155 

 

Table 7-3: Classification results of the Classifier (Sentences in Related Work Sections) 
 

Classification Results 

Label Overall Accuracy = 96.51% Overall Accuracy = 93.22% 

with Citation and Sentence Features with Sentence Features Only 

P R F P R F 

BG 1.00 0.99 0.99 0.96 0.92 0.93 

RWD_CS 0.98 0.99 0.98 0.98 0.97 0.97 

RWSC 0.98 0.99 0.98 0.92 0.98 0.94 

RWD 0.98 0.98 0.97 0.91 0.94 0.92 

CWO 0.94 1.0 0.96 0.92 0.98 0.94 

RWS 0.90 0.90 0.90 0.66 0.54 0.59 

CWOW 1.00 0.81 0.88 1.00 0.72 0.83 

ASRW 0.83 0.83 0.82 0.75 0.50 0.60 

CWSC 0.80 0.66 0.72 0.60 0.50 0.54 

RWO 0.57 0.44 0.49 0.57 0.44 0.49 

AWRW_CS 1.00 0.25 0.40 0.50 0.25 0.33 

RWS_CS 1.00 0.20 0.33 - - - 

RWO_CS 0.33 0.20 0.24 0.25 0.20 0.22 

Micro Average F-Scores 

 MAP MAR MAF MAP MAR MAP 

 0.97 0.97 0.97 0.93 0.93 0.93 

Macro Average Scores 

 AP AR AF AP AR AF 

 0.83 0.71 0.76 0.69 0.61 0.65 

 

P – Precision; R – Recall; F – F-Score;  

MAP – Micro Average of Precision; MAR – Micro Average of Recall; MAF – Micro Average of F-Score 

(Harmonic Mean of MAP and MAR) 

AP – Average Precision; AR – Average Recall; AF – Average F-Score 

 

As may be seen from Table 7-3, the classifier achieves a higher accuracy of 96.51% when 

trained with the combination of both citation features and sentence features as against a lower 

accuracy of 93.22% obtained when trained with sentence features alone. The dataset with a 

combination of citation and sentence features achieves a macro average F-Score of 0.76 as 

compared to a macro average F-Score of 0.65 with sentence features alone. This implies that the 

use of citation features for modelling sequential flow plays an important role in achieving higher 

accuracy. The use of combined features also helps in achieving a high F-score for various 

classes.  While the classes of BG, RWD_CS, RWSC, RWD, CWO and RWS obtained a high F-
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score of 0.99, 0.98, 0.98, 0.97, 0.96 and 0.90 respectively through the use of combined features, 

the same classes achieved a lower F-score of 0.93, 0.97, 0.94, 0.92, 0.94 and 0.59 respectively 

when using sentence features alone. It is also observed that a few classes obtained a lower F-

score ranging from 0.72 to 0.24. This could be attributed to the fact that there are fewer 

occurrences of instances in these classes and the results might be considerably improved by 

developing additional training data. However, it needs to be noted that the use of both the feature 

types helped in achieving higher F-scores for these low-performing classes as against the use of 

sentence features alone. The confusion matrix for the classifier is shown in Table 7-4.  

 

As may be seen from the confusion matrix, a large number of sentences fell in the categories of 

BG, RWD_CS, RWSC, RWD and CWO. 30% of the sentences fell in the category of RWD_CS, 

making it the most common class, and RWSC and RWD followed RWD_CS with 23% and 20% 

of the sentences, respectively. Thus, it can be inferred that about 30% of the related work section 

generally comprises citation sentences describing the cited work, approximately 20% of 

sentences are non-citation sentences further describing the related work and 20% of the 

sentences point out shortcomings in the cited works. The remaining 30% is made up of other 

types of sentences as identified above. 

 

Table 7-4: Confusion Matrix for Sentences in Related Work Sections 

 

Label  

 

BG RWD_CS RWSC RWD RWO RWO_CS CWO RWS RWS_CS ASRW ASRW_CS CWSC CWOW 

Total D1* D2** D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 D1 D2 

BG 102 95 0 0 0 0 0 8 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 103 

RWD_CS 0 1 330 323 0 2 0 2 0 0 0 0 1 2 0 1 0 0 0 0 0 0 0 0 0 0 331 

RWSC 0 0 0 0 201 199 1 2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 0 0 203 

RWD 0 2 0 0 2 8 225 217 0 0 0 0 2 4 0 0 0 0 0 0 0 0 0 0 0 0 229 

RWO 0 0 0 0 0 0 2 1 4 4 2 3 1 0 0 0 0 0 0 0 0 0 0 1 0 0 9 

RWO_CS 0 0 0 0 0 0 1 1 3 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 

CWO 0 0 0 0 0 1 0 1 0 0 0 0 140 138 0 0 0 0 0 0 0 0 0 0 0 0 140 

RWS 0 0 0 1 0 0 0 2 0 0 0 0 0 0 10 6 1 2 0 0 0 0 0 0 0 0 11 

RWS_CS 0 0 3 1 0 2 0 0 0 0 0 0 0 0 1 2 1 0 0 0 0 0 0 0 0 0 5 

ASRW 0 0 0 0 0 0 0 2 0 0 0 0 1 0 0 0 0 0 5 3 0 1 0 0 0 0 6 

ASRW_CS 0 0 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 4 

CWSC 0 0 0 0 2 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 4 3 0 0 6 

CWOW 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0 0 0 0 0 9 8 11 

Total   :     1063 

 

*   D1 – Dataset 1 – With both Citation Features and Sentence Features; ** D2 – Dataset 2 – With Sentence Features alone 

 - Expected Label 

Total Number of Sentences – 1063; Number of sentences classified correctly with citation features and sentences features – 1026 

Number of sentences classified correctly with sentence features alone - 991 



157 

 

It may also be noted from the matrix that the recall measure of certain classes varies from as low 

as 0.20 to 0.66. This is particularly evident for classes RWO_CS, RWS_CS, AWRW_CS, RWO 

and CWSC which achieved recall measures of 0.20, 0.20, 025, 0.44 and 0.66 respectively. While 

this could be attributed to the occurrence of fewer instances of these classes, it should also be 

noticed that the classifier classifies these instances in closely related neighbouring classes. For 

example, while instances of RWO_CS are classified as RWO and RWS_CS as either RWS or 

RWD_CS, instances of AWRW_CS are classified as instances of AWRW and instances of class 

RWO are largely classified as RWD. The instances of CWSC are mainly classified as RWSC. 

The presence of features identifying the class characteristics forms a prominent reason for this 

classification. For example, the presence of features which identify outcome terms and alternate 

approach terms facilitates classification of instances in RWO and AWRW classes, instead of 

RWO_CS and AWRW_CS respectively. Similarly, features that represent shortcomings help to 

classify instances in RWSC instead of CWSC. Thus, the classifier selects the closest neighbour 

in the classification and does not choose a non-related class. It is likely that the classification 

could be improved by appropriately increasing the number of training instances for classes which 

suffer from lower F-scores. 

7.3.3 Experiments with the Full Article 

We followed a similar methodology for identifying contexts associated with sentences in the full 

article. The experiments carried out with sentences in the full article can be classified into the 

following two categories. 

1. Experiments that used only the terms extracted from the training dataset for defining the 

term features. A limitation of such a system would be the inability to define features for 

unseen terms in newer articles, resulting in poor classification accuracy. In order to 

overcome this problem, we further developed the base of terms obtained from the training 

dataset using a thesaurus. 

2. Experiments conducted using the training dataset terms extended by the use of thesaurus. 

The use of thesaurus terms showed a significant performance improvement in the 

assignment of classes for sentences. 
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Experiments using Terms from the Training Dataset 

We present in this section the experiments carried out using only the terms extracted from the 

training dataset of 70 articles for defining features and the results obtained using this approach.  

Dataset – In order to conduct experiments with sentences in the full article, we created a dataset 

of 1000 paragraphs with citations extracted from 70 research articles chosen from LNCS. 

Because the focus of this study is to design a citation context based information system, we used 

only those paragraphs with citations in the article. However, the classifier model can also be used 

for classifying sentences in paragraphs without citations. 

We divided the dataset of 70 articles into two portions viz., training dataset and test dataset. The 

test training dataset was further divided into training dataset and development test dataset, each 

containing 30 and 10 articles. The feature selection experiments were conducted using training 

dataset and development test dataset. Further, we developed the classifier model using all the 40 

articles belonging to the training dataset and tested its accuracy on the test dataset of 30 articles.  

While testing the classifier accuracy, we split the test dataset into three sets each comprising ten 

articles and incremented the term list for defining term features at consecutive steps. For 

example, the terms present in test dataset 1 was added to terms of the training dataset of 40 

articles for deriving term features for test dataset 2. This was done in order to cover more terms 

for defining term features. The splitting of the dataset for our experiments is graphically shown 

in the Figure 7-11.  

 

 

 

 

 

 

Training Dataset       
(30 articles) 

Development Test 
Dataset (10 articles) 

Feature Selection Experiments 

Developed Classifier Model using 40 Articles 

Training Dataset of 40 Articles 

Test 

Dataset 

1 

Test 

Dataset 

1 

Test 

Dataset 

1 

Test Dataset of 30 Articles 

Append 

Term List 

from Test 

Dataset 1 

Append 

Term List 

from Test 

Dataset 1 

Figure 7-11: Splitting of Training Dataset for Machine Learning Experiments 
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Feature Definition - The following features were defined for sentences extracted from the full 

article. 

Citation Features – Citation features indicate whether a given sentence has a citation or not. 

These features were similar to the ones used for sentences in related work sections explained 

previously. 

Section Features – Section features indicate the section of an article to which the sentence 

belongs. To define section features, we adopted a model where the content of an article is 

divided into three general blocks: introduction, body and conclusion. Sections of an article with 

the titles ‘Introduction’, ‘Related Work’, Motivation’ or ‘Overview’ are considered part of the 

introduction block. Sections with the titles ‘Conclusion’, ‘Conclusions and Future Work’ or 

‘Future Work’ are considered part of the conclusion block. Sections with other titles are 

considered under the body block. It needs to be noted that the Related Work section in the article 

may appear anywhere in the article. Irrespective of its position, this section is considered part of 

the introduction block. Further, the blocks need not be contiguous and irrespective of a section’s 

position, the above categorization is followed. 

Term Features - Term features for sentences are defined based on the presence of certain kinds 

of terms and phrases in the sentence that contribute to the context of the sentence. The process of 

identifying terms and phrases for sentences in the full article was presented in Chapter 4 (Section 

4.4.5). The details of the ten categories of terms and phrases identified for these sentences were 

provided in Table 4-2. The list of terms identified for sentences in the full article is provided in 

Appendix 2-3. 

Normalization 

Each sentence was normalized to a set of features based on the presence of the features defined 

above. For example, for a sentence that has a citation, a feature ‘sentHasCitation’ is created for 

the sentence. The features that are created for different cases are provided in Table 7-5. We 

developed Python scripts using regular expressions to identify features for sentences in the text. 
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Table 7-5: Features Defined for Sentences obtained from the Full Article 
 

Feature Description 
Citation Features 
sentHasCitation Sentence has citation 
prevSentHasCitation Previous sentence has citation 
Block Features 
sentSec=Intro Sentence belong to the Introduction, Related Work, Motivation, 

Background, Our Approach sections of the article 
sentSec=Sub Sentence belongs to the Body block 
sentSec=Conc Sentence belongs to Conclusion block 
Term Features 
sentHasTerm=CT  Sentence contains a connecting term or phrase 
sentHasTerm=SCT Sentence contains a shortcoming term or phrase 
sentHasTerm=MET Sentence contains a methodology term or phrase 
sentHasTerm=RES Sentence contains a resulting term or phrase 
sentHasTerm=FWT Sentence contains a future work term or phrase 
sentHasTerm=OGT Sentence contains an overcoming gap term 
sentHasTerm=IDT Sentence contains an identifier term 
sentHasTerm=EXT Sentence contains an extending term 
sentHasTerm=COM Sentence contains a comparing term 

 

Feature Selection and Developing the Classifier Model 

In order to identify the optimal set of features, we followed a backward selection method, where 

the performance of the classifier was tested on the test data by removing one feature from the 

dataset at a time. For this purpose, we divided the training dataset in the ration of 9:1 and used 

the first part for training and the latter for testing. We conducted experiments using two CRF 

structures – a first-order linear chain and a linear chain with additional zero-order features (that 

depend only on the input sequence and the label at the current position, and not on the label at 

the previous position). The reason for using the second structure was due to the fact that our 

earlier experiments with related works section discussed earlier shows that a first-order linear 

chain performs poorly for classes that occur a smaller number of times. A First-order CRF with 

additional zero-order features provides a kind of back-off for classes appearing less often. 

Sokolovska et al. (2010) have focused on efficient feature selection for CRFs for solving the 

estimation problem by using an alternative penalty function for sparse training data. In this work, 

the authors experiment with using unigram features (zero-order features) and bigram features 

(first order features) and achieve the lowest test error, highlighting the scope of using 

simultaneously both feature types for providing a smoothing effect. MALLET provides an 
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implementation for using simultaneously first-order weights and zero-order weights. The results 

of our feature selection experiments are provided in Table 7-6.  

Table 7-6: Results of Feature Selection Experiments (Full Text) 
 

 

1
st
 Order CRF 1

st
 and 0 Order CRF 

Feature Selected 
 

CC 
 

WC 
 

A (%) 
 

CC 
 

WC 
 

A (%) 
 

Without Issue Feature 186 73 71.81 191 68 73.74 

Without SCT Feature 160 99 61.77 193 66 74.51 

Without RES Feature 188 71 72.58 216 43 83.39 

without OGT Feature 178 81 68.72 217 42 83.78 

Without FWT Feature 190 69 73.35 225 34 86.87 

Without CT Feature 194 65 74.90 226 33 87.25 

Without MET Feature 188 71 72.58 226 33 87.25 

Without IDT Feature 189 70 72.97 226 33 87.25 

All Features 194 65 74.90 230 29 88.80 

Without prevSentHasCitation Feature 190 69 73.35 231 28 89.18 
Total Number of Sentences in Test Dataset - 259 

 

CC – Correctly Classified; WC – Wrongly Classified; A - Accuracy 

As seen in Table 7-6, the removal of the Issue Term features resulted in maximum discrepancy 

by achieving only 73.74%. The use of all the features resulted in achieving a good accuracy of 

88.80%. Interestingly, the removal of the feature prevSentHasCitation resulted in achieving the 

maximum accuracy and also a higher accuracy of 89.18% compared to the accuracy of 88.80% 

achieved using all the features. However, the difference between the two does not seem to be 

very significant. Thus, in order to further ascertain the role of the prevSentHasCitation feature, 

we conducted a 10-fold cross validation on two training datasets – one that used all the features 

and the other without the prevSentHasCitation feature. In both the cases, we conducted 

experiments using a CRF first-order linear chain and a CRF with additional zero-order features. 

The results of the classifier are tabulated in Table 7-7 and the performance is graphically shown 

in Figure 7-12. In both the cases, the first-order linear chain CRF with additional zero-order 

features performed better than the first-order linear chain CRF, particularly for classes with a 

lower number of instances. Further the first-order linear chain CRF with zero-order features 

scored almost the same for both training datasets with an accuracy of 91.70% and 91.58%, and a 

macro average F-Score of 0.83 respectively.  In order to examine the performance of the 
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classifier, we derived confusion matrices for the classifiers as shown in Tables 7-8, 7-9, 7-10 and 

7-11. We discuss the results of the confusion matrices in the following sections. 

Table 7-7: Results of the Classifier for Training Dataset (Full Text) 
 

Classification Results 

Label 

 
 

 

All Features   Without prevSentHasCitation Feature 

1
st
 Order CRF 1

st
 & 0 order CRF 

 
1

st
 Order CRF 

1
st
 & 0 order 

CRF 

Accuracy: 89.97% Accuracy: 91.70% 
 

Accuracy: 90.01% 
Accuracy: 

91.58% 

P R F P R F  P R F P R F 

Non-Citation Sentences 

RWSC 0.94 0.96 0.95 0.95 0.95 0.95  0.91 0.96 0.93 0.95 0.95 0.95 

DES 0.94 0.94 0.94 0.95 0.94 0.94  0.94 0.94 0.94 0.95 0.94 0.94 

ISSUE 0.92 0.93 0.93 0.94 0.93 0.93  0.93 0.94 0.93 0.94 0.94 0.94 

FW 0.96 0.63 0.76 0.97 0.86 0.91  0.95 0.60 0.74 0.91 0.86 0.89 

BGR 0.87 0.87 0.87 0.86 0.87 0.87  0.88 0.87 0.87 0.86 0.86 0.86 

CWO 0.85 0.85 0.85 0.84 0.89 0.86  0.84 0.84 0.84 0.86 0.89 0.88 

Citation Sentences 

IRCW 0.85 0.94 0.89 0.89 0.94 0.92  0.85 0.94 0.89 0.89 0.94 0.91 

CWOG 0.90 0.72 0.80 0.88 0.88 0.88  0.87 0.69 0.77 0.88 0.88 0.88 

OUCW 0.79 0.75 0.77 0.80 0.79 0.79  0.79 0.75 0.77 0.83 0.79 0.80 

CWIG 0.83 0.59 0.69 0.79 0.73 0.76  0.90 0.64 0.75 0.74 0.69 0.71 

SCCW 0.67 0.57 0.62 0.72 0.72 0.72  0.78 0.66 0.72 0.68 0.72 0.70 

CCW 1.00 0.20 0.33 0.83 0.50 0.62  1.00 0.20 0.33 0.83 0.50 0.62 

RWCW 0.40 0.35 0.37 0.76 0.51 0.61  0.73 0.35 0.47 0.80 0.54 0.65 

Micro Average F-Scores 

 

MAP MAR MAF MAP MAR MAF  MAP MAR MAF MAP MAR MAF 

 

0.89 0.89 0.89 0.91 0.91 0.91  0.90 0.90 0.90 0.91 0.91 0.91 

Macro-Average 

 

AP AR AF AP AR AF  AP AR AF AP AR AF 

 

0.84 0.71 0.77 0.86 0.80 0.83  0.87 0.72 0.79 0.85 0.80 0.83 

 

P – Precision; R – Recall; F – F-Score;  

MAP – Micro Average of Precision; MAR – Micro Average of Recall; MAF – Micro Average of F-Score 

(Harmonic Mean of MAP and MAR) 

AP – Average Precision; AR – Average Recall; AF – Average F-Score 
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Experiments using all Features 

The confusion matrix for the use of all features for a CRF first-order and CRF first-order with 

additional zero-order classifiers is shown in Tables 7-8 and 7-9 respectively.  

Table 7-8: Confusion Matrix (Full Text) – CRF First and Zero Order – with all Features 

 

 

BGR CCW CWIG CWO CWOG DES FW IRCW ISSUE RWCW RWSC SCCW OUCW TOTAL 

BGR 119 0 0 0 0 16 0 0 0 0 1 0 0 136 

CCW 0 5 0 0 0 0 0 4 0 0 0 0 1 10 

CWIG 0 0 31 0 4 0 0 1 0 1 2 3 0 42 

CWO 0 0 0 140 0 11 0 0 1 0 4 0 0 156 

CWOG 0 0 3 0 55 0 0 2 0 0 0 2 0 62 

DES 18 0 0 10 0 816 1 8 10 0 1 0 2 866 

FW 0 0 0 2 0 3 33 0 0 0 0 0 0 38 

IRCW 0 0 0 2 1 1 0 407 5 3 0 3 8 430 

ISSUE 0 0 0 2 0 6 0 8 289 0 2 1 0 308 

RWCW 0 1 0 3 0 0 0 9 0 16 1 1 0 31 

RWSC 0 0 1 7 0 1 0 0 1 0 333 5 0 348 

SCCW 0 0 4 0 2 0 0 3 1 0 4 39 1 54 

OUCW 0 0 0 0 0 0 0 12 0 1 0 0 49 62 

 

137 6 39 166 62 854 34 454 307 21 348 54 61 2543 
 

As can be seen from the cross-validation results (Table 7-7) there is a notable difference between 

the results achieved between the two classifiers for the classes FW, CWIG, SCCW, CCW and 

RWCW. In the case of the class FW, the first order CRF achieved a lower F-Score of 0.76 

compared to an F-Score of 0.91 with the use of first and zero-order features. The confusion 

0 

0.5 

1 
BGR 

CCW 

CWIG 

CWO 

CWOG 

DES 

FW IRCW 

ISSUE 

RWRW 

RWSC 

SCCW 

WUCW CRF 1st Order - All Features 

CRF 1st & 0 Order - All Features 

CRF 1st Order - Without pSHC Feature 

CRF 1st & 0 Order - without pSHC 
Feature 

Figure 7-12: Performance of Classifiers for Training Dataset (Full Text) 



164 

 

matrix for the class FW using a CRF first-order (Table 7-9) shown that 21% (8 out of 38) of the 

FW sentences are classified as DES sentences. It can be noted that FW sentences usually have 

descriptive sentence features that prompt the classifier to classify them as DES sentences in spite 

of the presence of FW features. However, a CRF with first and zero-order features solves this 

problem. 

Similarly, in the case of citation sentences, a significant difference is observed for the class of 

CCW (F-Score of 0.33 using a first-order CRF compared to an F-Score of 0.62 using a first and 

zero-order CRF) and RWCW (F-Score of 0.37 using a first-order CRF compared to an F-Score 

of 0.61 using CRF first and zero-order CRF). The confusion matrix shows that for the first-order 

CRF, the classifier classifies 70% (7 out of 10) of CCW sentences and 41% (13 out of 31) of 

RWCW sentences as IRCW sentences. The indicates that the presence of CCW and RWCW 

features with the use of a first-order CRF receives less prominence compared to a first and zero- 

order CRF, which results in classifying these sentences into a more generic class of IRCW. 

Table 7-9: Confusion Matrix (Full Text) – CRF First Order – with all Features 
 

 

BGR CCW CWIG CWO CWOG DES FW IRCW ISSUE RWCW RWSC SCCW OUCW TOTAL 

BGR 119 0 0 0 0 16 0 0 0 0 1 0 0 136 

CCW 0 2 0 0 0 0 0 7 0 0 0 0 1 10 

CWIG 0 0 25 0 3 0 0 4 0 0 5 5 0 42 

CWO 0 0 0 133 0 14 0 1 3 0 5 0 0 156 

CWOG 0 0 2 0 45 0 0 9 0 1 3 2 0 62 

DES 17 0 0 9 0 818 1 8 11 0 1 0 1 866 

FW 0 0 0 4 0 8 24 0 2 0 0 0 0 38 

IRCW 0 0 0 2 1 1 0 408 3 2 2 2 9 430 

ISSUE 0 0 0 1 0 6 0 8 289 1 2 1 0 308 

RWCW 0 0 0 3 0 1 0 13 0 11 2 1 0 31 

RWSC 0 0 1 4 0 1 0 0 2 0 336 4 0 348 

SCCW 0 0 2 0 1 0 0 7 0 12 0 31 1 54 

OUCW 0 0 0 0 0 2 0 12 1 0 0 0 47 62 

 

136 2 30 156 50 867 25 477 311 27 357 46 59 2543 
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Experiments excluding prevSentHasCitation Feature 

The confusion matrix for the first-order CRF and first and zero-order CRF without using 

prevSentHasCitation feature is provided in Tables 7-10 and 7-11, respectively. With respect to 

non-citation sentences, there is a notable difference between the F-Scores achieved for the class 

of FW by the classifiers. The confusion matrix shows that 21% (8 out of 38) of the sentences are 

classified as DES sentences instead of FW sentences. This is similar to the case of using all the 

features described earlier. However in the case of citation sentences with excluding 

prevSentHasCitation feature, there is significant difference in the results for the class of CWOG 

in addition to the classes of CCW and RWCW observed using all the features. The confusion 

matrix (Table 7-11) shows that 19% (12 out of 62) of the CWOG sentences are classified as 

IRCW sentences, indicating that the presence of an OGT feature has less effect on the classifier I 

classifying them as CWOG sentences and instead, this sometimes gets classified into the general 

class of IRCW. The difference observed for the classes of CCW and RWCW are similar to the 

results achieved using all features described earlier. 

Table 7-10: Confusion Matrix (Full Text) – First and Zero Order CRF – without 

prevSentHasCitation Feature 
 

 

BGR CCW CWIG CWO CWOG DES FW IRCW ISSUE RWCW RWSC SCCW OUCW TOTAL 

BGR 118 0 0 0 0 17 0 0 0 0 1 0 0 136 

CCW 0 5 0 0 0 0 0 4 0 0 0 0 1 10 

CWIG 0 0 29 0 4 0 0 1 0 1 3 4 0 42 

CWO 0 0 0 140 0 10 0 0 1 1 4 0 0 156 

CWOG 0 0 2 0 55 0 0 2 0 0 0 2 1 62 

DES 18 0 0 10 0 816 1 8 10 0 1 0 2 866 

FW 0 0 0 2 0 3 33 0 0 0 0 0 0 38 

IRCW 0 0 0 2 1 1 0 405 5 3 0 3 10 430 

ISSUE 0 0 0 2 0 5 0 8 290 0 2 1 0 308 

RWCW 0 1 0 3 0 0 0 9 0 17 0 1 0 31 

RWSC 0 0 1 6 0 1 0 0 3 0 333 4 0 348 

SCCW 0 0 2 0 1 0 0 3 1 0 7 39 1 54 

OUCW 0 0 0 0 0 0 

 

12 1 0 0 0 49 62 

 

136 6 34 165 61 853 34 452 311 22 351 54 64 2543 
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Table 7-11: Confusion Matrix – First Order CRF – without prevSentHasCitation Feature 
 

 

BGR CCW CWIG CWO CWOG DES FW IRCW ISSUE RWCW RWSC SCCW OUCW TOTAL 

BGR 119 0 0 0 0 16 0 0 0 0 1 0 0 136 

CCW 0 2 0 0 0 0 0 7 0 0 0 0 1 10 

CWIG 0 0 27 0 3 0 0 4 0 0 5 3 0 42 

CWO 0 0 0 132 0 15 0 1 3 0 5 0 0 156 

CWOG 0 0 2 0 43 0 0 12 0 1 2 2 0 62 

DES 17 0 0 10 0 816 1 8 11 2 0 0 1 866 

FW 0 0 0 4 0 8 23 0 3 0 0 0 0 38 

IRCW 0 0 0 2 2 2 0 407 3 1 2 2 9 430 

ISSUE 0 0 0 2 0 5 0 8 290 0 2 1 0 308 

RWCW 0 0 0 3 0 0 0 14 0 11 2 1 0 31 

RWSC 0 0 1 4 0 1 0 0 2 0 336 4 0 348 

SCCW 0 0 2 0 1 1 0 5 0 0 9 36 0 54 

OUCW 0 0 0 0 0 1 0 13 1 0 0 0 47 62 

 

136 2 32 157 49 865 24 479 313 15 364 49 58 2543 
 

The difference between the two sets of features was very small. Therefore, in order to measure 

the statistical significance between the classifiers using these feature sets, we performed 

McNemar’s test on the results. The McNemar’s test is a non-parametric method used on nominal 

data and is applied to 2 x 2 contingency tables with dichotomous characteristics and matched 

pairs of subjects in order to determine whether the row and column marginal frequencies are 

equal (McNemar, 1947). The contingency tables and results of McNemar’s test of both the 

datasets are shown in Figure 7-13.  

 

 

Number of sentences 

misclassified by both 

466 

Number of sentences 

misclassified by 1 

255 

 
Number of sentences 

misclassified by both 

468 

Number of sentences 

misclassified by 1 

254 

Number of sentences 

misclassified by 2 

211 

Number of sentences   

correctly classified by both 

4620 

 
Number of sentences 

misclassified by 2 

214 

Number of sentences   

correctly classified by both 

4618 

 

 

Contingency table for training dataset 

with all features 
Contingency table for training dataset without 

prevSentHasCitation feature 

McNemar's chi-squared = 3.9678, df a= 

1, p-value = 0.04638 

 

McNemar's chi-squared = 3.25, df = 1,   

p-vaalue = 0.07142 

 

Figure 7-13: Contingency Tables and Results for McNemar’s Test 
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As seen, the p-value for McNemar’s test for the dataset that had all the features is less than 0.05, 

indicating a significant difference between the two classifiers. The p-value for the other dataset 

was more than 0.07. Based on this statistical significance test, we used the training dataset that 

included all the features for developing our classifier model and tested it on our test dataset. 

Testing 

After achieving the results described above, we created a classifier model with the first-order 

linear chain with additional zero-order features, using the training dataset of 40 articles, 

including all the features. We used this classifier model to test articles in the test dataset of 30 

articles. The classifier results of the model on the test dataset are tabulated in Table 7-12.   

Table 7-12: Classifier Results on Test Dataset (Full Text) 
 

Classification Results 

Label 

 
 

Test Dataset 1  
(10 articles) 

Test Dataset 2  
(10 articles) 

Test Dataset 3  
(10 articles) 

Accuracy: 92.08% Accuracy: 92.92% Accuracy: 90.01% 
P R F P R F P R F 

Non-Citation Sentences 
BGR 1.00 0.8 0.88 0.83 0.81 0.82 0.84 0.80 0.82 
CWO 0.82 0.85 0.83 0.91 0.84 0.88 0.90 0.80 0.85 
DES 0.92 0.99 0.95 0.93 0.97 0.95 0.94 0.98 0.96 
FW 1.00 0.66 0.80 0.00 0.00 0.00 1.00 1.00 1.00 
ISSUE 0.91 0.98 0.95 0.96 0.94 0.95 0.91 0.96 0.94 
Citation Sentences 
CCW 0.66 1.00 0.80 0.00 0.00 0.00 1.00 0.50 0.66 
CWIG 0.77 0.70 0.73 0.91 0.91 0.91 0.83 0.55 0.66 
CWOG 0.75 1.00 0.85 0.93 0.82 0.87 0.64 0.57 0.61 
IRCW 0.91 0.96 0.93 0.91 0.97 0.94 0.90 0.96 0.93 
RWCW 1.00 0.37 0.54 1.00 0.33 0.50 0.57 0.80 0.66 
RWSC 1.00 0.82 0.90 0.98 0.91 0.95 0.94 0.88 0.91 
SCCW 0.83 0.55 0.66 0.88 0.78 0.83 0.61 0.69 0.65 
OUCW 0.81 0.60 0.69 0.80 0.72 0.76 1.00 0.69 0.81 

Micro Average F-Scores 

 

MAP MAR MAF MAP MAR MAF MAP MAR MAF 
 0.92 0.92 0.92 0.92 0.92 0.92 0.90 0.90 0.90 

Macro Average Scores 

 

AP AR AF AP AR AF AP AR AF 
 0.87 0.79 0.83 0.77 0.69 0.73 0.85 0.78 0.81 

 

 

P – Precision; R – Recall; F – F-Score;  

MAP – Micro Average of Precision; MAR – Micro Average of Recall; MAF – Micro Average of F-Score 

(Harmonic Mean of MAP and MAR) 

AP – Average Precision; AR – Average Recall; AF – Average F-Score 
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With regard to the term features, in order to cover more terms for deriving term features, the set 

of terms were extended in consecutive steps, i.e., for example, the terms present in test dataset 1 

were added to the terms of the training dataset of 40 articles to derive term features, which were 

tested on unseen articles in test dataset 2. As seen in Table 7-12, the classifier achieved an 

accuracy of 92.08%, 92.92% and 90.01% with test dataset 1, 2 and 3 respectively. The average 

accuracy achieved over the test dataset of 30 articles was 91.67%. The macro average F-Score 

achieved for the test datasets is also shown in Table 7-12. 

The combined confusion matrix of the classifier for the test data of 30 articles is provided in 

Table 7-13.  

Table 7-13: Combined Confusion Matrix for Test Datasets 1 to 3 (30 articles – full text) 
 

  BGR CCW CWIG CWO CWOG DES FW IRCW ISSUE RWCW RWSC SCCW OUCW TOTAL 

BGR 94 0 0 0 0 20 0 2 0 0 1 0 0 117 

CCW 0 3 0 0 0 0 0 2 0 0 0 0 0 5 

CWIG 0 0 23 0 0 0 0 3 0 0 0 5 0 31 

CWO 0 0 0 63 4 6 0 0 0 3 0 0 0 76 

CWOG 0 0 2 0 31 0 0 3 0 0 0 5 1 42 

DES 3 0 0 1 0 575 0 3 1 0 1 0 0 584 

FW 0 0 0 0 0 0 12 0 1 0 0 0 0 13 

IRCW 1 0 0 2 0 1 0 365 3 0 0 1 3 376 

ISSUE 1 0 0 0 0 4 0 1 190 0 0 0 0 196 

RWCW 0 1 0 5 0 0 0 2 0 8 0 0 0 16 

RWSC 6 0 2 1 1 8 0 0 9 0 213 2 0 242 

SCCW 0 0 0 0 3 0 0 8 0 0 4 36 0 51 

OUCW 0 0 0 0 1 1 0 11 0 0 0 0 26 39 

  105 4 27 72 40 615 12 400 204 11 219 49 30 1788 
 

Across the three datasets, the classifier achieved a lower F-Score of 0.54, 0.50 and 0.66 for the 

class of RWCW for test dataset 1, 2 and 3 respectively. This pattern was also earlier viewed in 

the cross validation results, where the classifier performed poorly for the class of RWCW. The 

confusion matrix shows that 31% (5 out of 16) of RWCW sentences are classified as CWO 

sentences, i.e. non-citation sentences. This is significantly poor because the classifier has failed 

to even identify them as citation sentences indicating that the presence of the citation feature had 

less impact on the classification. CCW was another class which had achieved a lower accuracy. 

Interestingly, the classifier achieved a good F-Score of 0.80 for test dataset 1 and there were no 
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CCW sentences in test dataset 2. However there was a drop in the accuracy with the classifier 

achieved an F-Score of 0.66 for Test Dataset 3. CWIG is another class that has achieved a 

significant lower F-Score of 0.73 and 0.66 for test dataset 1 and test dataset 3 respectively. The 

confusion matrix shows that 16% (5 out of 31) of the sentences were classified as SCCW 

indicating the absence of IDT feature for CWIG sentences and prompting the classifier as SCCW 

sentences. 

Limitations of the above Model 

As we discussed in Chapter 4 (Section 4.4.6) a major drawback of our approach of using terms 

for defining term features is the inability to define features for unseen words in newer articles. 

We noted an 83 percent increase in newer terms between the training dataset of 20 articles and 

70 articles papers (Table 4-3). This implied that the system would not be able to identify features 

for 83 percent of unseen terms for sentences, resulting in a poor classification. In order to 

overcome this problem, we adopted an approach to extend the base list of 726 terms obtained 

from the training dataset of 70 articles using an online thesaurus29. This approach resulted in 

developing a larger corpus with a total of 2788 terms identified in different categories. The 

details of the terms extracted in various categories are provided in Table 4-4. We describe in the 

following sections experiments carried out using terms and phrases identified with the thesaurus, 

using the training dataset of 70 articles.  

Experiments using Terms from the Training Dataset and Thesaurus 

These experiments followed a similar strategy described earlier and defined three sets of features 

– citation features; section features and term features. The only difference is that the term 

features were extended using the list of terms created from the thesaurus. Therefore the set of 

features listed in Table 7-5 was used for representing sentences. 

Changes in the Label Scheme 

Before proceeding to the experiments with thesaurus terms, we made certain changes in the label 

scheme followed for the sentences. The changes were made for the following reasons: 

                                                 
29 http://thesaurus.com/ 
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1. The results of the pilot inter-rater reliability study showed that there was confusion 

among the coders in distinguishing between the labels Description (DES) and Issue 

(ISSUE). Therefore, in order to rectify this problem, we merged these two classes into 

one class Description (DES). Thus, all the sentences which were labelled as Issue 

(ISSUE) sentences were relabelled as Description (DES) sentences. 

2. The features defined using the thesaurus terms helped in distinguishing between two 

types of sentences belonging to the GAPS class. We observed that an ‘overcoming gap’ 

feature was consistently defined for sentences which solved problems. This helped in 

distinguishing between two types of sentences: 

a. Identify Problem (IPROB) – sentences that identify problems 

b. Solves Problem (SPROB) – sentences that describe overcoming or solving the 

discussed problems 

The changes made to the label scheme are schematically shown in Figure 7-14. As can be seen 

the labels DES and ISSUE are combined to a single label DES and two labels IPROB and 

SPROB, are defined for the GAPS class. The labels for citation sentences remained unchanged. 

We discuss below the experiments carried out with CRFs using these labels. 

 

 

 

 

 

 

 

 

 Figure 7-14: Modified Scheme of Labels for Experiments with Thesaurus Terms 
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Feature Selection using Thesaurus Terms 

We used the backward selection method for evaluating the defined features. To this end, we 

created a classifier model using the first 30 articles and tested its performance on a set of 10 

articles by removing one feature from the dataset at a time. The results of the feature selection 

experiments using thesaurus terms are provided in Table 7-14. The results shown in Table 7-14 

indicate that each of the defined features plays an important role in classification as removal of 

these features from the dataset results in significant difference in classification accuracy. The use 

of all features yielded the maximum accuracy of 93.46% and the removal of SCT terms caused 

maximum discrepancy with achieving only 69.08% accuracy. 

After examining the importance of each of the features by carrying out feature selection 

experiments, we created a classifier model with the first-order linear chain CRF with additional 

zero-order features using all the features and performed 10-fold cross-validation to evaluate the 

classifier model. The results of the 10-fold cross-validation experiments are shown in Table 7-15 

and the confusion matrix of the classifier is shown in Table 7-16. While the classifier achieved 

an accuracy of 90.09% which is lower than the accuracy of 91.70% achieved without thesaurus 

terms (Table 7-12), we noticed a significant impact on the type of labels assigned for sentences, 

indicating the usefulness of using a larger corpus of terms developed using thesaurus.  

Table 7-14: Results of Feature Selection Experiments using Thesaurus Terms (Full Text) 
 

First and Zero Order CRF 

Feature Selected CC WC A (%) 

With All Features 644 45 93.46 

Without CT Feature 640 49 92.88 

Without prevSentHasCitationFeature 638 51 92.59 

Without FWT Feature 627 62 91.00 

Without Issue Feature 622 67 90.27 

Without IDT Feature 621 68 90.13 

Without MET Feature 611 78 88.67 

Without RES Feature 558 131 80.98 

Without OGT Feature 505 184 73.29 

Without SCT Feature 476 213 69.08 
Total Number of Sentences in Test Dataset - 689 

 

CC – Correctly Classified; WC – Wrongly Classified; A - Accuracy 
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Table 7-15: Results of 10-fold Cross-Validation using Thesaurus Terms (Full Text) 
 

Classification Results 

Label 
 

Features: All Features; Classifier: First and Zero Order CRF;  
Overall Accuracy: 90.09% 

P R F 

Non-Citation Sentences 

BGR 0.77 0.73 0.75 

CWO 0.93 0.88 0.90 

DES 0.94 0.92 0.93 

FW 0.96 0.96 0.96 

IPROB 0.89 0.92 0.90 

SPROB 0.83 0.88 0.85 

Citation Sentences 

CCW 0.33 0.20 0.25 

CWIG 0.69 0.79 0.73 

CWOG 0.94 0.91 0.93 

IRCW 0.94 0.95 0.94 

RWCW 0.84 0.67 0.75 

SCCW 0.70 0.63 0.66 

UOCW 0.79 0.77 0.78 

Micro Average F-Scores 

 

MAP MAR MAF 

 
0.90 0.90 0.80 

Macro Average 

 

AP AR AF 

 
0.81 0.79 0.80 

 

P – Precision; R – Recall; F – F-Score;  

MAP – Micro Average of Precision; MAR – Micro Average of Recall; MAF – Micro Average of F-Score 

(Harmonic Mean of MAP and MAR) 

AP – Average Precision; AR – Average Recall; AF – Average F-Score 
 

Developing Classifier Model using Thesaurus Terms 

As seen in Table 7-15, the class CCW achieved the lowest F-Score of 0.25. The confusion matrix 

shows that there were only 5 instances of CCW sentences out of which only one could be 

classified as a CCW sentence. While two sentences are classified as IRCW, the other two are 

classified in non-citation sentence classes of DES and SPROB, indicating that the comparison 

feature (sentHasTerm=COM) had much less impact on the classifier. 
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The other classes that performed poorly are the classes SCCW and CWIG, achieving an F-Score 

of 0.66 and 0.73, respectively. The confusion matrix shows that there is a significant confusion 

between these two classes. This is due to the IDT feature created for sentences resulting from the 

use of thesaurus terms. While the presence of the IDT feature along with SCT indicates a higher 

probability for classifying sentences into CWIG, the presence of the SCT feature alone is a 

strong indication to classify them as SCCW. However, in some cases, the addition of the IDT 

feature for SCCW sentences resulted in classifying them as CWIG and the absence of IDT 

feature resulted in classifying CWIG sentence as SCCW sentence. 

Table 7-16: Confusion Matrix using Thesaurus Terms – First and Zero Order CRF 
 

 

BGR CCW CWIG CWO CWOG DES FW IRCW RWCW IPROB SPROB SCCW UOCW TOTAL 

BGR 44 0 0 2 0 8 0 0 0 3 3 0 0 60 

CCW 0 1 0 0 0 1 0 2 0 1 0 0 0 5 

CWIG 0 0 65 0 0 0 0 1 2 0 0 6 2 82 

CWO 4 0 0 161 0 12 0 0 0 1 3 0 0 181 

CWOG 0 0 5 2 136 1 1 0 0 0 0 1 2 148 

DES 6 0 12 0 0 827 0 2 0 20 25 0 0 892 

FW 0 0 0 1 0 0 55 0 0 1 0 0 0 57 

IRCW 0 0 1 0 2 2 0 305 0 0 0 1 9 320 

RWCW 0 1 2 1 1 0 1 5 27 0 0 0 2 40 

IPROB 2 0 0 3 0 8 0 0 0 357 17 0 0 387 

SPROB 1 0 0 2 1 12 0 0 0 14 235 0 0 265 

SCCW 0 0 9 0 1 0 0 1 0 0 0 19 0 30 

UOCW 0 1 0 1 3 0 0 8 3 1 0 0 59 76 

 

57 3 94 173 144 871 57 324 32 398 283 27 74 2543 

Testing 

We tested the classifier model developed with the training dataset of 40 articles and the extended 

the set of features on the test dataset of 30 articles. The results of the classifier are shown in 

Table 7-17.  As seen, the classifier achieves an overall accuracy of 92.72% on the test dataset. 

The macro average F-Scores achieved by the classifier for test datasets ranged from 0.80 to 0.94. 

The combined confusion matrix for all the three datasets is shown in Table 7-17. We present 

below an analysis of the classification of sentences using these two tables. 
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Table 7-17: Classifier Results on Test Dataset using Thesaurus Terms 
 

Classification Results 

Label 

 

 

Test Dataset 1  

(10 articles) 

Test Dataset 2  

(10 articles) 

Test Dataset 3  

(10 articles) 

Accuracy: 93.43% Accuracy: 92.57% Accuracy: 92.18% 

P R F P R F P R F 

Non-Citation Sentences 

BGR 0.75 1.00 0.85 0.75 0.75 0.75 0.92 0.92 0.92 

CWO 0.96 1.00 0.98 1.00 0.86 0.92 0.93 1.00 0.96 

DES 0.93 0.97 0.95 0.97 0.93 0.95 0.99 0.98 0.98 

FW 1.00 1.00 1.00 0.00 0.00 0.00 1.00 0.85 0.92 

IPROB 0.90 0.79 0.84 0.87 0.88 0.87 0.90 0.88 0.89 

SPROB 0.95 0.85 0.90 0.77 0.97 0.86 0.79 0.86 0.82 

Citation Sentences 

CCW 1.00 1.00 1.00 0.00 0.00 0.00 1.00 1.00 1.00 

CWIG 1.00 0.93 0.96 1.00 1.00 1.00 0.75 0.83 0.78 

CWOG 0.97 0.94 0.95 0.89 0.95 0.92 0.84 0.94 0.89 

IRCW 0.94 0.98 0.96 0.98 0.93 0.96 0.98 0.93 0.96 

RWCW 0.88 1.00 0.94 1.00 0.80 0.88 1.00 0.90 0.95 

SCCW 0.85 0.75 0.80 0.85 0.85 0.85 0.77 0.50 0.60 

UOCW 0.92 0.81.00 0.86 0.80 1.00 0.88 0.75 0.9 0.81 

Micro Average F-Scores 

 

MAP MAR MAF MAP MAR MAF MAP MAR MAF 

 

0.93 0.93 0.93 0.92 0.92 0.92 0.92 0.92 0.92 

Macro-Average 

 

AP AR AF AP AR AF AP AR AF 

 

0.93 0.92 0.92 0.84 0.76 0.80 1.00 0.88 0.94 
 

 

P – Precision; R – Recall; F – F-Score;  

MAP – Micro Average of Precision; MAR – Micro Average of Recall; MAF – Micro Average of F-Score 

(Harmonic Mean of MAP and MAR) 

 

AP – Average Precision; AR – Average Recall; AF – Average F-Score 

 

With respect to non-citation sentences, the class of BGR achieved a lower F-Score of 0.85 in 

both test datasets 1 and 2. The confusion matrix in Table 7-18 shows that 10% (4 out of 38) of 

BGR sentences get classified as DES sentences. IPROB is another class which scored a lower F-

Score of 0.84 for test dataset 1.  
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The confusion matrix shows that there is a significant confusion (14% - 40 out of 274) in 

classifying sentences belonging to the class of IPROB. It is observed that 7% (19 out of 274) and 

5.8% (16 out of 274) of IPROB sentences gets classified as SPROB and DES sentences 

respectively. This confusion can be attributed to the presence of the OGT (overcoming gap term) 

feature which increases the probability of classifying the sentence either as SPROB or DES. 

With respect to citation sentences, the class of SCCW achieved a lower F-Score of 0.80 and 0.66 

for test dataset 1 and 3 respectively. The confusion matrix for the class of SCCW shows that 

11% (4 out of 36) of SCCW sentences gets classified as CWOG sentences and 8.3% (3 out of 

36) SCCW sentences gets classified as CWIG and IRCW sentences.  

Table 7-18: Combined Confusion Matrix for Test Datasets 1 to 3 
 

 

BGR CCW CWIG CWO CWOG DES FW IRCW RWCW IPROB SPROB SCCW UOCW TOTAL 

BGR 34 0 0 0 0 4 0 0 0 0 0 0 0 38 

CCW 0 2 0 0 0 0 0 0 0 0 0 0 0 2 

CWIG 0 0 54 0 1 0 0 1 0 0 0 1 1 58 

CWO 0 0 0 76 0 1 0 0 0 1 0 0 0 78 

CWOG 0 0 2 0 112 0 0 2 0 1 0 0 1 118 

DES 3 0 0 1 0 616 0 0 0 13 6 0 0 639 

FW 0 0 0 1 0 0 10 0 0 0 0 0 0 11 

IRCW 0 0 0 0 7 0 0 280 1 0 0 3 2 293 

RWCW 0 0 0 0 0 0 

 

1 22 0 0 0 1 24 

IPROB 4 0 0 0 0 16 0 0 0 234 19 1 0 274 

SPROB 1 0 0 0 0 3 0 0 0 13 141 0 0 158 

SCCW 0 0 3 0 4 0 0 3 0 0 0 25 1 36 

UOCW 0 0 0 1 1 0 0 2 0 0 0 0 30 34 

 42 2 59 79 125 640 10 289 23 262 166 30 36 1763 

 

Impact of Using Thesaurus Terms 

The use of thesaurus terms resulted in a significant impact on the assignment of labels for 

sentences in the training dataset. Earlier, as we saw in Table 7-16, we identified a significant 

number of related terms in various categories, particularly for Identifying Terms (IDT); 

Overcoming Gaps Terms (OGT) and Shortcoming Terms (SCT) using the thesaurus. This 

resulted in defining additional features for sentences that was not possible with the use of terms 

identified in the training dataset of 70 articles. This facilitated finer classification of sentences. 
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The newer classification of sentences with the use of thesaurus terms is tabulated in Table 7-19 

and graphically shown in Figure 7-15. We explain in the following sections the impact of using 

thesaurus terms. 

Table 7-19: Impact of Thesaurus Terms on Classifying Sentences 
 

 

Without using  

Thesaurus Terms 

Using  

Thesaurus Terms 

 

Label 
 

Number of 

Sentences 
Percentage 

 

Number of 

Sentences 
Percentage 

 

t-statistic* 
 

two-tailed 

probability  

Percentage Change – Decrease 

                                                                                                    Non-Citation Sentences 

BGR 136 5.34 60 2.35 5.469 0.0000 

SPROB 308 12.1 265 10.42 1.78 0.0743 

                                                                                                             Citation Sentences 

CCW 10 0.39 5 0.19 1.325 0.1850 

IRCW 430 16.90 320 12.58 4.025 0.0001 

SCCW 54 2.12 30 1.17 2.645 0.0083 

Percentage Change – Increase 

                                                                                                      Non-Citation Sentences 

CWO 156 6.13 181 7.11 1.359 0.1746 

DES 866 34.05 892 35.0 0.577 0.5644 

FW 38 1.49 57 2.24 1.960 0.0503 
IPROB 

(GAPS) 348 13.68 387 15.21 1.436 0.1513 

                                                                                                              Citation Sentences 

CWIG 42 1.65 82 3.22 3.597 0.0003 

CWOG 62 2.43 148 5.81 5.979 0.0000 

RWCW 31 1.21 40 1.57 1.089 0.2764 

UOCW 62 2.43 76 2.98 1.193 0.2332 

Total  2543 100.00 2543 100.00  

 

* Degrees of Freedom – 2542   Statistically significant 
 

Decrease of Sentences in Classes 

As seen in Table 7-19, there is a considerable decrease in the number of sentences for the non-

citation class of BGR and citation sentence classes of CCW, IRCW and SCCW. With respect to 

the non-citations sentence class of BGR, there is a significant decrease of 56% in classifying 

sentences as BGR. This is due to the identification of the newer class of SPROB (solves 



177 

 

problems) that we adopted with the use of terms identified using the thesaurus, and most of the 

BGR sentences were now classified as SPROB. This facilitated identification of finer contexts 

for BGR sentences.  

 

Figure 7-15: Graphical View of the Impact of using Thesaurus Terms on Classifying 

Sentences 
 

With respect to citation sentences, it should be noted that the class of IRCW is defined at the top 

level of the hierarchy in our annotation scheme and other classes are defined as subclasses of 

IRCW class. Thus, this resulted in classifying sentences in IRCW in the absence of features 

representing finer classes. However, this problem was solved with the use of terms chosen from 

the thesaurus, which led to a 25% decrease in IRCW sentences. Further we noticed a 44% 

decrease for the class of SCCW indicating the effect of identification of newer features in 

sentences. 

We conducted a one-sample t-test between proportions to determine whether there was a 

significant different between the classification of sentences. As seen from Table 7-19, the t-

statistic was significant at the 0.05 critical alpha level with the t-statistic value of t(2542)=5.469, 

p=0 for the class of BGR, t(2542)=4.025, p=0.0001 for the class of IRCW and t(2542)=2.645, 

p=0.0083 for the class of SCCW. 
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Increase of Sentences in Classes 

As seen in Table 7-19, there is a significant increase in sentences belonging to some subclasses 

of both citation and non-citation sentences. With respect to non-citation sentences, a significant 

increase of 50% is noticed for the class of FW (future work).  With respect to citation sentences, 

the classes of CWIG and CWOG had increases of 95% and 139% respectively. The increase in 

classes CWIG and CWOG can be attributed to the increase in terms belonging to the category of 

IDT (identifier terms), OGT (overcoming gap terms) and SCT (shortcoming terms). The 

identification of newer terms facilitated definition of newer features and thus, a comprehensive 

representation of sentences, which resulted in obtaining a finer classification of sentences.  

The t-statistic value was significant at the 0.05 critical alpha level for the citation classes of 

CWIG and CWOG with the t-statistic value of t(2542)=3.597, p=0.0003 and t(2542)=5.979, p=0, 

for these classes respectively. 

7.4 Comparison of CRF Results with other Similar Studies 

As we described in Chapter 2 (Section 2.4) there have been several studies that have focused on 

sentence classification in scientific articles. We compare in this section the classifier results 

achieved in our study with two of the prominent studies in this field – those of Teufel and Moens 

(1999) and Teufel et al. (2006). Further, we compare our results with these studies as we are able 

to relate our classes with these studies as explained in Chapter 4 (Section 4.6). 

Teufel and Moens (1999) 

We described in Chapter 4 (Section 4.6), the comparison of our scheme with that of Teufel and 

Moens (1999). We present here a comparison of our results with their scheme.  

Comparison of Classifier Results 

Teufel and Moens (1999) present precision and recall measures for the classification of sentences 

in seven categories. The comparison of our results with this study and the confusion matrix of 

the combined test data for different classes are provided in Table 7-20. As seen in Table 7-20, 

the results achieved are better for all classes compared to their results. 



179 

 

Table 7-20: Comparison of our Results with Teufel and Moens (1999) 
 

Teufel and 

Moens (1999) 

Our Study 

 

Class 

 

F 

 

F 

 

Class 

 Confusion Matrix for Tests Dataset 1 – 3 

P R F  BGR CCW CWIG CWO CWOG DES FW IRCW ISSUE RWCW GAPS SCCW OUCW TOTAL 

Background 0.38 0.89  BGR 0.89 0.80 0.84  BGR 94     20  2   1   117 

Other 0.44 -  NOT USED 

 

 

Own 

 

 

0.86 

 

 

0.94 

 DES U 

 ISSUE U 

 GAPS U 

 FW  

0.93 0.98 0.95  DES 3     1   575   3 1   1     584 

0.93 0.96 0.95  ISSUE 1         4   1 190         196 

0.97 0.88 0.92  GAPS 6   2 1 1 8     9   213 2   242 

1.00 0.97 0.96  FW             12   1         13 

Aim 0.52 0.82  CWO 0.87 0.82 0.85  CWO       63 4 6       3       76 

Textual 0.61 -  NOT USED 

Contrast 0.60 0.75  SCCW 0.73 0.70 0.72  SCCW         3     8     4 36   51 

 

 
 

 

Basis 

 
 

 
 

0.38 

 

 

 

0.74 

 IRCW U 

 CWIG U 

 CWOG U 

 RWCWU  

 OUCWU 

 CCW 

0.91 0.97 0.94  IRCW 1     2   1   365 3     1 3 376 

0.85 0.74 0.79  CWIG     23         3       5   31 

0.77 0.73 0.75  CWOG     2   31     3       5 1 42 

0.72 0.50 0.59  RWCW   1   5       2   8       16 

0.86 0.66 0.75  OUCW         1 1   11         26 39 

0.75 0.60 0.66  CCW   3           2           5 
 

Comparison of Features 

Teufel and Moens (1999) use a range of features in their experiments. These include features for 

representing (a) explicit structure, which refers to the location of the sentence which is identified 

by headline of the current section, relative position of the sentence within the paragraph, and 

relative position of the sentence with section; (b) relative location, where the paper was 

segmented into 10 equally sized segments; (c) citations, which identifies whether a sentence has 

citation, and also distinguishes with self-citation; (d) syntactic features, which identifies the 

tense; (e) semantic features, which refers to action type of first verb in the sentence, type of agent 

and formulaic expression; and (f) content features, which determines whether the sentence has 

keyword identified by  tf/idf measure and checks whether the sentence contains words that occur 

in the title or headlines. 

As against the complex range of features used by Teufel and Moens (1999), we use a fairly 

simple, straight forward set of features comprising location, citation and term features for 

representing sentences. It needs to be noted that the features defied in our study is sufficient for 

our task and that such complex set of features is certainly required for the task of text 

summarization, which the overall objective of Teufel’s work and we do not undermine the 

importance of these features.  
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Similar to them, we use the location feature, which identifies the location of the sentence with 

respect to its section and citation feature, which determines whether a given sentence is  a 

citation sentence or not. With respect to the term features, as we have discussed we defined 

several categories for identifying different types of terms and phrases in sentences  

Teufel, Siddharthan and Tidhar (2006) 

In Chapter 4 (Section 4.6), we also presented a comparison of the context types defined in our 

study for citation sentences with the scheme of Teufel et al. (2006). The comparison of our 

results against the results achieved by them is shown in Table 7-21. As may be seen, our results 

are better compared to their results.  

Table 7-21: Comparison of our Results with Teufel and Moens (2006) 
 

Teufel et al. (2006) Our Study 

 

Class 

 

F 

 

F 

 

Class 

Confusion Matrix of Combined Test Dataset 1 – 3 

 CCW IRCW CWIG CWOG RWCW OUCW SCCW TS SC-NCS 

 Weak 0.60 0.72  SCCW  SCCW  8  3   36 51 4 

 CoCoGM 

 CoCoR0 

 CoCo-  

 CoCoXY 

 

 

0.60 

 

 

0.66 

 

 

 CCW 

 

 

 CCW 3 

 

2` 

      

5 

 

 

- 

  

PBas 
 PMot 

 

0.58 
0.69 

 

 

 
0.82 

 IRCW U 

 CWIG U 
 CWOG 

 IRCW  365    3 1 376 7 

 CWIG 
 3 23    5 31 

- 

 CWOG  3 2 31  1 5 42 - 

 PUse 

 PModi 

 

0.50 

 

0.75 

 

 OUCW 

 

 OUCW  11  1  26  39 1 

 PSim 

 PSup 

0.48 

0.47 

 

0.59 

 

 

 RWCW 

 

 RWCW 1 

 

2 

   

8 

   

16 

 

5 

 

 Neutral  0.86 NOT USED 

 

A – Accuracy; TCS – Total Citation Sentences; SC-NCS – Sentences classified as Non-Citation Sentences 

Comparison of Features 

Teufel et al. (2006) prominently used cue phrases for representing sentences. For these purposes, 

they used a finite grammar comprising 1762 cue phrases developed from the corpus of 80 papers 

used in the experiments. They also used verb clusters for modelling the action type in the 

sentence. Further, during the annotation phase, authors collected a further set of 892 cue phrases 

from annotators, who considered them as significant in classifying sentences, Apart from cue 

phrases, the authors used the verb tense and voice, the overall location of the sentence and the 

information about self-citations in the sentence for representing the context of the sentence. 
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As we have discussed in Chapter 3, we recognize cue phrases, location, and the citation status 

(whether a given sentence is citation or not) of a sentence as important in representing the 

context of a sentence and therefore used features based on identification of terms and phrases, 

location and citation status as prominent features in our experiments. The terms and phrases 

identified in our study can be viewed as a set of cue phrases which represents the context of a 

sentence. However, in comparison to Teufel et al. (2006), we do not use the grammatical 

structure present in the sentence.  

7.5 Summary 

We presented in this chapter our research carried out on automating the process of identifying 

contexts associated with sentences in scientific articles. We considered the existence of 

sequential patterns in research writing and considered using sequential classifiers to achieve the 

task. We presented an overview of sequential models such as HMMs, MEMMS and CRFs and 

explained the key differences between them. Further, we also explained the label bias problem in 

MEMMs and proposed to use CRFs for our experiments. Our initial experiments considered 

sentences only in the related work section of articles and involved definition of various features 

for representing sentences. We achieved an overall accuracy of 96.51% with the use of citation 

and sentence features. After successfully carrying out these experiments, we considered all 

sentences from paragraphs containing citations in the article. We introduced a new feature – the 

section feature in order to identify the section to which the citation paragraph belonged and 

carried out two sets of experiments: (a) using terms identified in the training dataset of 1000 

paragraphs and (b) using terms identified using a thesaurus. The experiments using terms 

identified using a thesaurus provided a good coverage for identifying different term features and 

also had significant effect on classifying sentences. We achieved an overall accuracy of 92.72% 

in classifying sentences in the test data. After achieving the task of automatic context 

identification, we focused on developing applications using the automated techniques. We 

present in the next chapter various applications developed using these techniques. 
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Chapter 8 Citation Context Based Applications 

 

 

8.1 Introduction 

As we have mentioned earlier, the focus of our study is to develop applications that use citation 

contexts to provide useful information services for the research community. In order to achieve 

this objective we developed and tested an annotation scheme of various context type definitions 

for sentences in scientific articles. We then used these contexts to develop the sentence context 

ontology, for encoding machine-understandable data that can be used for developing Semantic 

Web applications. We also carried out supervised learning experiments using Conditional 

Random Fields (CRFs) to achieve the task of automatic sentence classification. The final 

objective was to use these techniques to develop applications that demonstrated the feasibility of 

providing useful research services. Accordingly, we developed applications at various stages of 

our study. The focus was on improving the search features of the system and providing the 

capability to handle a large number of articles. The progression of application development in 

this study is shown in Figure 8-1.  

 

 

 

 

 

 

 

 

 

Figure 8-1: Development of Citation Context Based Applications 

at Different Stages of our Study  

Stage 1 

Stage 2 

Linked Data Application 

ESWC Series – 450 Articles 

Stage 3 

Applications using  

SpringerOpen & SciVerse Web APIs 

Prototype Standalone Application 

(20 Research Articles) 
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As seen in the figure, we initially developed a prototype standalone application for the initial 

dataset of twenty research articles, which was used to define our context type definitions and was 

also used for the training data for machine learning experiments. After successfully 

implementing this prototype, we developed a linked data application that used 450 articles 

published in the European Semantic Web Conference (ESWC) series. The application was 

developed using linked data principles and used a SPARQL endpoint to obtain article-related 

data. These first two applications used static contextual data that was extracted and stored in 

machine readable format. The limitation of these systems is that the contextual data needs to be 

extracted and prepared for each article before it can be used. However, in a web environment, 

where published articles are available in large numbers, it is difficult to extract and manage 

contextual data for these articles. In such an environment, it would be useful to extract and 

identify contexts of sentences dynamically. Thus, in order to implement such services we 

developed a Web application for the Elsevier’s SciVerse platform using Web APIs that allowed 

access to published content. We explain in the following sections each of these three applications 

in detail. 

8.2 Prototype Standalone Application 

In order to test the feasibility of developing citation context based applications, we initially 

developed a prototype standalone application for sentences extracted from related work sections 

in the initial training dataset of 20 research articles. Screenshots of the standalone application are 

shown in Figures 8-2 and 8-3. As seen in Figure 8-2, the citation sentences from the related work 

section of an article are presented to the user (the area indicated by ) along with sentences that 

refer to the outcomes or results of the current article (the area indicated by ). The bibliographic 

details of the article, such as the title and abstract, are also presented to the user (the area 

indicated by ). Users can select a specific citation sentence to view the associated sentences as 

shown in Figure 8-3.  
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Figure 8-2: Screenshot of Standalone Application – Viewing Citation Sentences of an Article 

Figure 8-3: Screenshot of Standalone Application – Viewing Contexts of a Citation Sentence 



185 

 

The standalone application was developed using Semantic Web Server (SEWESE) (Durville and 

Gandon, 2007), a JSP/servlet environment built upon the Corese engine. The engine provides a 

set of primitives for building interfaces for queries and navigating semantic data in order to 

create ontology based retrieval systems. We used AJAX components in the application to create 

a user-friendly interface. The RDF data for the standalone application was created using the 

sentence context ontology developed for related work sections discussed in Chapter 5 (Section 

5.5). We also provided an illustration of generating RDF data using this ontology in Chapter 5 

(Section 5.5.3). The ontology is provided in Appendix 4-1. Some of the prominent features of the 

application are explained below. 

Identify current work outcomes and current work shortcomings of a research article – For a 

given article, the application initially presents to the user all those sentences that refer to the 

results and the shortcomings or gaps of the current article. This helped to identify the usefulness 

or relevance of an article to the user. A screenshot of this feature is shown in Figure 8-2. 

Sentences that refer to the results of the article are identified for the user.  

Identify the contexts of cited work in the article – For a given article, the application listed all 

the citation sentences appearing in its related work section. The user can select a specific cited 

work and view the related additional descriptive sentences and shortcoming sentences associated 

with the citation sentence. A screenshot of this feature is shown in Figure 8-3. The application 

displays the related shortcoming sentence for a given citation sentence. This facilitates viewing 

the contexts in which a cited work was used in the related work section of the article. 

Distinguish between different types of citation sentences – The application also distinguishes 

between the following different reasons for using cited works in the related work section: 

 Citation sentences that mention the use of outcomes from cited work 

 Citation sentences that support the current article. 

 Citation sentences that contrast other citation sentences 

The prototype standalone application used SPARQL queries to query RDF and had several entry 

points for information search. We used the ACM Computing Classification System for subject 

classification for browsing the titles and facilitate search for information in the titles and 
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abstracts of articles. Queries can also be performed to search for authors that occur both in 

source articles and references. Some of the sample SPARQL queries generated by the application 

are shown below: 

Query for retrieving citation sentences for a given article 

SELECT ?sentence ?sentid WHERE  

{?x sentcon:CitationSentence_sentid ?sentid . 

?xsentcon:CitationSentence_sentenceText ?sentence. 

?x sentcon:CitationSentence_doi  '${doi}'  . 

?x sentcon:CitationSentence_hasLabel 'RWD_CS' .} 

 

Query for retrieving result sentences for a given article 

SELECT ?cwo WHERE  

{?x sentcon:CitationSentence_sentenceText ?cwo . 

 ?x sentcon:CitationSentence_doi  '${doi}'  .  

 ?x sentcon:CitationSentence_hasLabel 'CWO'  . } 

 

Query for retrieving all related descriptive sentences for a given citation sentence 

 

SELECT ?rwd WHERE { 

?x sentcon:DescriptiveSentence_sentenceText ?rwd .  

?x sentcon:DescriptiveSentence_relatedToCitationSentence '${sentid}'  .} 

 

Query for retrieving all shortcoming sentences for a given citation sentence 

 

SELECT ?rwsc WHERE { 

?x sentcon:ShortcomingSentence_sentenceText   ?rwsc .  

?x sentcon:ShortcomingSentence_relatedToCitationSentence '${sentid}' . }  

 

Similar queries are generated to view citation sentences that mentioned the use of outcomes of 

the cited work and also citation sentences that support the article.  
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8.3 Linked Data Application – CIRRA (Contextual Information Retrieval in 

Research Articles) 

The prototype standalone application explained in the previous section was developed for a small 

dataset of 20 research articles. It used the sentence context ontology developed for related work 

sections and therefore limited its focus only to sentences in the related work sections of articles. 

Consequently, we wanted to test the application on a larger dataset, considering all citation 

sentences appearing in the full article. Therefore we used the sentence context ontology 

developed for the full article, which was described in Chapter 5 (Section 5.6). The ontology is 

provided in Appendix 4-2. The sentence context ontology facilitated deriving contextual data in 

RDF form, but we also explored the possibility of developing a linked data application using the 

derived RDF data, as well as linking our application with other available linked data sources.  

In recent times, the area of linked data has attracted significant research interest. The term 

‘linked data’ coined by Sir Tim Berners-Lee refers to a style of publishing and interlinking 

structured data on the web (Berners-Lee, 2009). The basic characteristics of linked data are to 

use an RDF data model to publish data and to use RDF links to interlink data from different 

sources (Bizer, Cyganiak and Heath, 2007). The key technologies that support linked data are 

Uniform Resource Identifiers (URIs), a generic means to identify entities or concepts in the 

world, HTTP, a simple yet universal mechanism for retrieving resources, or descriptions of 

resources, and RDF, a generic graph based data model. The initial focus of linked data research 

was on publishing linked data sources and as a result, there are a large number of linked data 

sources available that can be exploited for developing linked data applications. With respect to 

scientific articles, large datasets such as the DBLP dataset are freely available. This section 

explains the linked data application developed in this study to provide citation context based 

information services. The application can be downloaded at https://info-nts-

12.otago.ac.nz:8090/cirrademo/download, which also provides access to the training dataset used 

in this study.  

8.3.1 Data Extracted from ESWC Series 

As a sample dataset, we extracted contextual information from articles published in the European 

Semantic Web Conference (EWSC) series published by Springer. Table 8-1 provides details of 

https://info-nts-12.otago.ac.nz:8090/cirrademo/
https://info-nts-12.otago.ac.nz:8090/cirrademo/
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the data extracted. As seen from the table, we have extracted data from seven volumes published 

in the ESWC series. This provided a total of 355 articles. Paragraphs with citation sentences 

were extracted from these articles and a total of 10564 sentences were extracted from these 

paragraphs. This included 6158 citation sentences and 4406 non-citation sentences. Details of the 

different types of citation and non-citation sentences extracted from the series are provided in 

Tables 8-2 and 8-3, respectively. As may also be seen in Table 8-1, a total of 17844 authors were 

extracted from cited works (citations) in these articles, and a total of 6125 documents were cited.  

Table 8-1: Sentences obtained from ESWC Volumes 
 

 

Year 

 

LNCS 

Volume  

 

Articles 

Sentences Citations 

Citation    

Sentences 

Non-Citation 

Sentences 

Authors Cited Documents 

2005 3552 42 805 570 2455 874 

2006 4011 45 896 660 2277 844 

2007 4519 48 1087 544 2612 902 

2008 5021 66 871 795 3198 1102 

2009 5554 76 1214 867 3513 1161 

2010 

 2010 

6088 27 534 406 1564 519 

6089 51 747 564 2225 723 

Total 355 6158 4406 17844 6125 

                                                               Total Number of Sentences: 10564 
 

Table 8-2: Citation Sentences obtained from ESWC volumes 
 

 

Year 

 

LNCS  

Volume 

Citation Sentences 

IRCW SRCW CWIG CWOG SCCW CWECW UOCW OGCW RWCW TOTAL 

2005 3552 286 355 31 8 87 0 32 0 6 0 

2006 4011 299 375 10 56 82 0 63 0 10 1 

2007 4519 402 416 24 49 442 0 64 0 17 3 

2008 5021 306 336 28 39 83 0 62 0 11 6 

2009 5554 463 438 30 66 137 0 61 0 15 4 

2010 

2010 

6088 231 167 7 37 48 0 38 0 7 3 

6089 347 240 10 41 55 0 46 0 7 1 

Total 2334 2327 140 296 604 0 366 0 73 18 

Total Number of Citation Sentences: 6158 

 

  IRCW – Citation Sentence Cites Works Related to Issues 

 

 CWECW – Citation Sentence Extends Current Cited Work 

  SRCW – Citation Sentence Cites Works Related to Subject Issues   UOCW – Citation Sentence Uses Outputs in Cited Work  

  CWIG – Citation Sentence Cites Works Identifying Gaps   OGCW– Citation Sentence Overcome Gaps in Cited Work 

  CWOG – Citation Sentence Cites Works Overcoming Gaps   RWCW– Citation Sentence Compares Results to Cited Work 

  SCCW – Citation Sentence Identifies Shortcomings in Cited Work   CCW – Citation Sentence Compares Cited Works 
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Table 8-3: Non-Citation Sentences obtained from ESWC volumes 
 

 

Year 

 

ESWC  

Volume 

Non-Citation Sentences 

DES RWSC CWO CWSC FW METH 

2005 3552 159 237 101 32 11 30 

2006 4011 162 282 128 45 12 31 

2007 4519 126 240 104 40 9 25 

2008 5021 206 360 138 43 9 39 

2009 5554 206 386 157 52 17 49 

2010 6088 91 177 76 27 8 27 

2010 6089 139 247 98 40 10 30 

 Total 1089 1929 802 279 76 231 

                                                        Total Number of Non Citation Sentences: 4406 

 

 
  DES – Description sentences   CWSC – Current Work Shortcoming Sentence 

  RWSC – Shortcoming sentences   FW – Future Work Sentence  

  CWO – Current work outcome sentences   METH – Methodology Description Sentence 

 

8.3.2 Creating RDF Data for CIRRA 

One of the key components of a linked data applications according to the linked data principles is 

RDF data (Bizer, Cyganiak and Heath, 2007). Therefore we initially focused on creating citation 

contextual data in RDF form. To this end, we stored the data extracted from ESWC articles 

(described above) in the relational database shown in Figure 8-4.   

As may be seen in Figure 8-4, the article table (indicated by ) and the author table (indicated 

by ) hold data related to both citing articles and cited articles. A series of separate tables 

(indicated by ) are created to store each type of citation sentence. For example, the table titled 

‘ircwsentence’ holds only citation sentences that cite works related to issues. The 

citationwithreferenceid (indicated by ) stores citation sentences with their reference identifier. 

This table is important as it defines a unique identifier for each of the references cited in the 

given sentence. For example, if there are two cited works in a given sentence, a unique identifier 

is created for each cited work and the citation sentence is associated with both identifiers. Tables 

are also created to hold the full reference data (table ) and the keywords associated with each 

citation sentence (the table indicated by ). 
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Choosing URIs 

The use of the D2R server with the data model described above facilitates in defining URIs for 

the database entities. The D2R Server assigns URIs for database entities using URI patterns 

(Bizer and Cyganiak, 2005). As described above, the citationwithreferenceid table (table ) 

holds data for each of the references cited in the given sentence, along with the text of the 

citation sentence itself. The mapping file of the D2R Server is configured to define URIs for a 

citation sentence using this table. We also specify in the mapping file how data from different 

tables are related for a given citation sentence, using properties defined in the Sentence Context 

Ontology. The following provides details of the URIs defined for different entities in our 

application and also shows the resulting RDF data for these entities. 

  

 

 

  

Figure 8-4: Tables defined for storing data extracted from research articles 
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URI for Citation Sentence 

The pattern ‘citationwithreferenceid/@@citationwithreferenceid.num@@’ produces a relative 

URI such as ‘citationwithreferenceid/1001’ when we insert the number of citation sentence 1001. 

This can be used to construct the following absolute URI, which provides information about the 

citation sentence ‘1001’: https://info-nts-12.otago.ac.nz:8090/page/citationwithreferenceid/1001. 

The resulting RDF data for citation sentence 1001 is as shown in Listing 8-1. The numbering 

scheme for citation sentences uses a simple serial number, which is incremented with the 

addition of citation sentences into the database.  

 

 

 

 

 

 

 

 

URI for Article Data 

CIRRA distinguishes between two types of articles: citing articles and cited articles. Citing 

articles are those articles published in the ESWC, whereas cited articles are those that are cited in 

these articles. The article table in the database holds data related to both of these types of articles, 

and defining the mapping properties for the article table produces URIs for article data. The 

pattern ‘article/@@article.num@@’ produces a relative URI such as ‘article/1’ when we insert 

the number of the article 1. This then produces the following absolute URI: http://info-nts-

12.otago.ac.nz:8090/page/article/1, which identifies information about the article with number 

‘1’. The resulting RDF data for the citing article numbered 1 and cited article numbered 1001 is 

shown in Listings 8-2 and 8-3, respectively. The different properties defined for both citing 

Listing 8-1 
 

<rdf:Description rdf:about="citationwithreference/1001"> 

<sentcon:purpose>Article Uses Cited Work for Research Issues</sentcon:purpose> 

<rdfs:label>Previous reports on our work contain additional details on the unsupervised miner [22], its 

application to a bio-medical corpus [21], and a qualitative evaluation [25]. 

</rdfs:label> 

<sentcon:sentence>Previous reports on our work contain Additional details on the unsupervised miner [22], its 

application to a bio-medical corpus [21], and a qualitative evaluation  

[25].</sentcon:sentence> 

<bibo:doi>10.1007/11431053_38</bibo:doi> 

<rdf:type rdf:resource="sentcon/resource/SentenceCitingWorkRelatedToIssues"/> 

<sentcon:hasFollowingIssueSentence>To the best of our knowledge, so far only one other  approach has 

been presented that addresses the quantitative and automated evalation of an ontology by referring to its 

source corpus.</sentcon:hasFollowingIssueSentence> 

<dc:title>Lexically Evaluating Ontology Triples Generated Automatically from Texts</dc:title> 

<sentcon:keyword>Previous reports</sentcon:keyword><sentcon:keyword>bio-medical corpus 

1,</sentcon:keyword><sentcon:keyword>qualitative evaluation</sentcon:keyword> 

<sentcon:keyword>unsupervised miner</sentcon:keyword> 

</rdf:Description> 
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articles and cited articles can be seen in these listings. As with citation sentences, the numbering 

scheme for article data also uses a simple serial number, which is incremented with the addition 

of citation sentences into the database. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Listing 8-2 
 

<rdf:Description rdf:about="article/1"> 

<rdfs:label>Automatic Location of Services</rdfs:label> 

<dc:title>Automatic Location of Services</dc:title> 

<sentcon:year>2005</sentcon:year> 

<sentcon:documentType>Citing Article</sentcon:documentType> 

<rdf:type rdf:resource="sentcon/resource/article"/> 

<dc:creator>Uwe Keller</dc:creator><dc:creator>Ruben Lara</dc:creator><dc:creator>Holger 

Lausen</dc:creator><dc:creator>Axel Polleres</dc:creator><dc:creator>Dieter Fensel</dc:creator> 

<bibo:abstract>The automatic location of services that fulfill a given need is a key step towards dynamic and 

scalable integration. In this paper we present a model for the automatic location of services that considers the 

static and dynamic aspects of service     descriptions and identifies what notions and techniques are useful for 

the matching of both. Our model presents three important     features: ease of use for the requester, efficient 

pre-filtering of relevant services, and accurate contracting of services that fulfill a     given requester goal. 

We further elaborate previous work and results on Web service discovery by analyzing what steps and what     

kinds of descriptions are necessary for efficient and usable automatic service location. Furthermore, we 

analyze intuitive and formal notions of match that are of interest for locating services that fulfill a given goal. 

Although having a formal underpinning, the proposed model does not impose any restrictions on how to 

implement it for specific applications, but proposes some useful     formalisms for providing such 

implementations.</bibo:abstract> 

<bibo:doi>10.1007/11431053_1</bibo:doi> 

<sentcon:authorType>Citing Author</sentcon:authorType> 

</rdf:Description> 
 

Listing 8-3 

 

<rdf:Description rdf:about="article/1001"> 

<rdfs:label>Efficient semantic matching</rdfs:label> 

<dc:title>Efficient semantic matching</dc:title> 

<sentcon:year>2005</sentcon:year> 

<sentcon:documentType>Cited Article</sentcon:documentType> 

<rdf:type rdf:resource="sentcon/resource/article"/> 

<sentcon:normalizedReference>Efficient semantic matching</sentcon:normalizedReference> 

<sentcon:fullReference>14. F. Giunchiglia, M. Yatskevich, and E. Giunchiglia. Efficient semantic matching. 

In Proceedings of ESWC, 2005</sentcon:fullReference> 

<sentcon:citID>10.1007/11431053_21_14</sentcon:citID> 

<sentcon:citationSentence>As a matter of fact, [14] shows, that when we have conjunctive concepts at nodes 

(e.g., Images, Europe), these matching tasks can be resolved by the basic DPLL procedure in 

polynomialtime; while when we have full proposition concepts at nodes (example, Images, Computers 

Internet), the length of the original formula can be exponentially reduced by  structure preserving 

transformations.</sentcon:citationSentence> 

<sentcon:authorType>Cited Author</sentcon:authorType> 

<dc:creator>M Yatskevich</dc:creator><dc:creator>F Giunchiglia</dc:creator> 

<dc:creator>E Giunchiglia</dc:creator> 

<sentcon:citingArticleTitle>Web Explanations for Semantic Heterogeneity 

Discovery</sentcon:citingArticleTitle> 

</rdf:Description> 
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8.3.3 Architecture of CIRRA                 

The architecture of the linked data application is shown in Figure 8-5. As seen in the figure, the 

D2R Server is used to convert the data in relational form into RDF. The RDF data is also 

converted into JSON (Exhibit) format using the Babel Service30 in order to use the data with the 

Exhibit API, a lightweight framework for publishing structured data using standard web servers 

(Huynh, Karger, & Miller, 2007). The Timeline feature of the Exhibit API is used to browse 

information with time as a reference point. The application also uses Semantic Web Server 

(SEWESE) (Durville and Gandon, 2007) tags and SPARQL queries to query the RDF data. The 

application offers citation context based information services through four interfaces: the citation 

sentences timeline, the author timeline, the citations timeline and the keywords timeline. These 

interfaces are explained in the following sections. 

 

 

 

 

 

 

 

 

8.3.4 Citation Context based Services of CIRRA 

We describe in this section the citation context based information services provided by CIRRA. 

Search options in CIRRA 

CIRRA provides the following three types of search options for searching ESWC-related data, as 

shown in Figure 8-6: 

                                                 
30 http://service.simile-widgets.org/babel/ 
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Figure 8-5: Architecture of the CIRRA 
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1. Search and browse articles published in ESWC – Figure 8-6(a) 

2. Search articles cited in ESWC papers – Figure 8-6(b) 

3. Search citation sentences in ESWC papers using keywords – Figure 8-6(c) 

We explain in the following sections features available under each of these options. 

 

 

 

 

 

 

 

 

 

Search and browse articles published in ESWC 

CIRRA supports searching and browsing articles published in ESWC. The interface facilitates 

keyword search, which retrieves published titles in ESWC along with author information from 

DBLP linked data available at its SPARQL endpoint31. Figure 8-7 shows a screenshot of the 

results obtained for the search phrase ‘Semantic Web’, retrieved from the SPARQL endpoint. 

For each of the title displayed in the search results, the interface also provides a link titled ‘View 

Contexts of Cited Works in the Article’ (indicated by the label  in Figure 8-7), which enables 

users to navigate to the citation sentences timeline. This timeline enables users to view the 

contexts of all citation sentences in the selected article. The citation sentences timeline is 

explained in more detail in this section. 

                                                 
31 http://rkbexplorer.com 

Search option 1 – search articles published in ESWC 

 (a) 

 (b) 

 (c) 

Search option 2 – search cited articles in ESWC articles 

Search option 3 – search citation sentences using keywords 

Figure 8-6: Search Options of the Linked Data Application 
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CIRRA uses SPARQL queries to obtain title and author information from the SPARQL endpoint 

at rkbexplorer.com. The SPARQL query shown in Listing 8-4 retries the title, year and web 

address of papers in the ESWC collection whose title contains the search phrase ‘Semantic 

Web’.  

 

 

 

 

 

 

 

Listing 8-4 

 

PREFIX id:   <http://dblp.rkbexplorer.com/id/> 

PREFIX rdf:  <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

PREFIX akt:  <http://www.aktors.org/ontology/portal#> 

PREFIX owl:  <http://www.w3.org/2002/07/owl#> 

PREFIX akt:  <http://www.aktors.org/ontology/portal#> 

PREFIX akts: <http://www.aktors.org/ontology/support#> 

 

SELECT distinct ?title ?year ?webaddress ?title1 WHERE { 

?paper rdf:type akt:Book-Section-Reference . ?paper akt:has-title ?title .?paper akt:has-date ?publishedyear . 

?publishedyear akts:year-of ?year .?paper akt:has-web-address ?webaddress .?paper akt:article-of-journal 

?journal . 

?journal akt:has-title ?journaltitle .FILTER  

((?journaltitle = "ESWC" || ?journaltitle = "ESWC (1)" || ?journaltitle = "ESWC (2)") && regex(?title, 

'Semantic Web')) 

} 

 

 

Figure 8-7: List of retrieved articles published in ESWC Collection  

for the phrase ‘Semantic Web’ 
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The web address is further used to retrieve author information for each retrieved title. The 

SPARQL query shown in Listing 8-5 uses the web address to retrieve authors of an individual 

title. The application uses Jena, a Java framework for building Semantic Web applications 

(McBride, 2002), to interact with the SPARQL endpoint. 

 

 

 

 

 

 

 

Browsing Citation Sentences of an Article on the Timeline 

The user can select an article to navigate to the citation sentences timeline interface, which 

allows for browsing contexts of all citation sentences in an article. A screenshot of this interface 

is shown in Figure 8-8(a). As seen in the figure, the citation sentences of the article are displayed 

in the timeline. An image of the timeline alone, displaying citation sentences, is provided in 

Figure 8-8(b). The timeline feature provides an interactive interface, in which the user can move 

the timeline horizontally to view the displayed citation sentences on the timeline, placed 

according to the publication year of the cited work. The publication year of the work cited in 

citation sentences is displayed on the timeline, As may be seen in Figure 8-8(b), the title of the 

selected article (indicated by the label ) and the ‘Claims of the Article’ (indicated by the label 

) are displayed as links in the timeline. These links display the bibliographic details and the 

result sentences of the article (as identified by the classifier), respectively as shown in Figures 8-

9 and 8-10 There are also options for selecting specific types of citation sentences as shown in 

the enlarged version of the sentence type facet in Figure 8-8(c).  

 

Listing 8-5 

 

PREFIX id:   <http://dblp.rkbexplorer.com/id/> 

PREFIX rdf:  <http://www.w3.org/1999/02/22-rdf-syntax-ns#> 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 

PREFIX akt:  <http://www.aktors.org/ontology/portal#> 

PREFIX owl:  <http://www.w3.org/2002/07/owl#> 

PREFIX akt:  <http://www.aktors.org/ontology/portal#> 

PREFIX akts: <http://www.aktors.org/ontology/support#> 

 

SELECT distinct ?authors WHERE { 

?paper rdf:type akt:Book-Section-Reference . ?paper akt:has-author ?author .  

?author akt:full-name ?authors . ?paper akt:has-web-address ?webaddress . 

FILTER  

(?webaddress = "http://dx.doi.org/10.1007/978-3-642-13486-9_1") 

} 
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(a) User Interface 

(b) Citation Sentences Timeline 

(c) Select Citation Sentence Type 

 
 

Figure 8-8: Screen Shot of Citation Sentences Timeline 

Figure 8-9: Viewing Article Details on the Timeline 

Figure 8-10: Viewing Result Sentences of an Article 
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The citation sentence timeline allows users to select a citation sentence to view its related 

sentences. The related sentences for a given citation sentence are retrieved using the Sentence 

Context Ontology discussed in Chapter 5 and include the following types of sentences: (1)  

Preceding Citation Sentence, (2) Preceding Issue Sentence, (3) Preceding Shortcoming Sentence, 

(4) Following Citation Sentence, (5) Following Description Sentence, (6) Following 

Shortcoming Sentence, and (7) Following Issue Sentence. Figure 8-11 provides a screenshot 

where the user has selected to view the details of a citation sentence. As may be seen, the 

application has identified the following issue sentences for the selected sentence. The citation 

(reference) displayed in the popup dialog also allows the user to navigate to the citations timeline 

to view the different contexts in which the reference work is cited, as explained in the following 

section.  

 

 

 

 

 

 

 

 

Browse Contexts of Citations across Articles 

CIRRA allows users to view the contexts of citations across articles. A screenshot of this 

interface is shown in Figure 8-12(a). An excerpt image of the timeline alone, displaying citation 

sentences drawn from different articles, is provided in Figure 8-12(b). The facet on the right side 

(an enlarged version is provided in Figure 8-12(c)) provides information about the reference 

work and the number of times it was cited in different articles. 

 

Figure 8-11: Viewing Associated Sentences for the Selected Citation Sentence 
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Each of the sentences displayed on the citations timeline can be clicked to view its associated 

sentences. The popup dialog displays the title of the article that has cited the reference work 

along with the citation sentence and its associated sentences, as explained earlier in the case of 

the citation sentences timeline. The citations timeline helps users to view how different articles 

have cited a given work. An illustration of the usefulness of the citations timeline is provided in 

Figure 8-13, which shows a screenshot of viewing the contexts of the citations to an article from 

two different citing articles. As can be seen, the dialog displays the title of the article citing the 

selected article along with the citation sentence and its associated sentences. This helps users to 

quickly view the contexts in which different articles have cited a given work. This feature 

gathers significance when a given work has several citations to it. It avoids the laborious process 

of examining the citation passages in different articles and provides an easier and more efficient 

way of examining citation contexts.  

 

(a) User Interface 

(b) Citation Sentences Timeline 

(c) Selected Reference Details 

Total number of 

times cited 

Number of times cited 

in an individual article 

Figure 8-12: Screen Shot of Citations Timeline 
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Author Timeline 

The author timeline forms an important feature of CIRRA. This timeline facilitates learning 

about the works of a selected author. CIRRA currently distinguishes between a ‘citing author’ 

and a ‘cited author’. Citing authors are those who have published articles in ESWC, whereas 

cited authors are those who have been cited in the ESWC articles. The author timeline shows the 

titles of both published and cited works of the selected author. CIRRA provides different lens 

views for citing authors and cited authors. Figure 8-14 and 8-15 show screenshots of the author 

timeline showing the works of a cited author and citing author, respectively. 

 

Figure 8-13: Citations Timeline – Viewing Details of Different Citation Sentences 
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Keywords Timeline 

Identifying keywords in citation sentences helps to provide useful citation-based services. In 

order to create this feature we used topia.termextract32, a Python extraction library, to extract the 

keywords. Topia.termextract uses Parts-Of-Speech (POS) and simple statistical analysis to 

determine the terms and their strengths. The extracted keywords were used to provide the 

                                                 
32 http://pypi.python.org/pypi/topia.termextract/ 

Figure 8-14: Author Timeline – Viewing Details of Cited Author 

Figure 8-15: Author Timeline – Viewing Details of Citing Author 
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keywords timeline feature in CIRRA. A screenshot of the keywords timeline is shown in Figure 

8-16, which shows all citation sentences retrieved for the keywords ‘Description Logics’.  As can 

be seen, citation sentences drawn from different articles over a period of time are displayed on 

the timeline. The indentation of sentences on the timeline indicates placement of sentences 

according to their year of citation and the corresponding citation years can seen in the figure. 

Each of these citation sentences can be clicked to view the context of the citation was shown in 

Figure 8-11 on page ___. Thus, the ability to view all citation sentences drawn from different 

articles facilitates in learning how the topic has progressed over a period. In other words, this 

feature facilitates tracing the intellectual lineage of topics and ideas. 

 

 

 

 

 

 

 

 

 

 

 

 

8.4 Applications using Web APIs 

The standalone and linked data applications described above were each developed for specific 

sets of articles. The limitation of these applications is the need to prepare the contextual data 

before they can be used. In order to overcome this problem, we investigated the use of Web APIs 

Figure 8-16: Keywords Timeline – Viewing Citation Sentences retrieved for 

Keyword ‘Description Logics’ 
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to develop Web applications. The Web APIs would provide online access to published content 

that could be used to create contextual data on the fly, which could then be used to provide 

citation context based information services. With this objective in mind, we developed 

applications using the SpringerOpenAPI33 and Elsevier’s SciVerse API34. The following sections 

explain these applications.  

8.4.1 Springer Open 

We used the SpringerOpen API to develop CIRRA-ASOP (Contextual Information Retrieval in 

Research Articles – an Application for SpringerOpen), which is a citation context based 

application for articles published in SpringerOpen. The architecture of the application is shown 

in Figure 8-17.  

 

 

 

 

 

 

 

 

 

 

 

                                                 
33 Springer API Portal. http://dev.springer.com/ 

34 Sciverse Content APIs. http://www.developer.sciverse.com/api 

 

Figure 8-17: Architecture of CIRRA-ASOP 
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The application was developed on similar lines as the CIRRA linked data application described 

in Section 8.3. The main difference was that the application used the Springer REST service and 

the Springer metadata API to obtain the metadata and content of research articles. The 

application was developed using the content of an open access journal ‘Identity in Information 

Society (IIS)’ published by SpringerOpen. The features provided by the application are similar to 

the features provided by CIRRA. 

8.4.2 SciVerse Application 

We developed CitContExt (Citation Context Extractor), a web application that integrated our 

citation context extraction tool with the Elsevier’s SciVerse Content API35  to identify citation 

contexts in research articles published in ScienceDirect. The SciVerse Content APIs provide 

direct access to Elsevier content using RESTful Web service requests. Applications developed 

using SciVerse Content APIs can be integrated into either ScienceDirect or Scopus interface.  

Architecture of CitContExt 

The architecture of CitContExt is shown in Figure 8-18. We explain in the following section 

different sections of the architecture. 

 

 

 

 

 

 

 

 
 

                                                 
35 Sciverse Content APIs. http://www.developer.sciverse.com/api 
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The SciVerse Application Framework 36, which extends the default Shindig Framework 37 (an 

implementation of the OpenSocial API) offers a customized environment for developing 

JavaScript applications (also known as Gadgets or Widgets) that can be hosted on SciVerse web 

sites as extensions of the already available SciVerse services. Besides using data from the 

SciVerse Content APIs, CitContExt can also be configured to interact with an external 

application to send/receive external data. Thus, as seen in Figure 8-18, CitContExt consists of a 

JavaScript module hosted on the SciVerse platform to access SciVerse content, and a locally 

maintained Web Service that interacts with the JavaScript module to identify contexts of 

sentences in the accessed content.  

The following explains the key functions of each of these components. 

Gadget / JavaScript Module 

This module uses the SciVerse Content API to obtain the metadata and the full-text of the source 

article and the citing articles. The major components are: 

 Extraction of paragraphs and references – The XML data returned from content API is 

processed to identify paragraphs with citations and references. Information about the 

section to which paragraphs belong is also obtained. While all paragraphs with citations 

are extracted from the source article, the citing articles are processed and only those 

paragraphs where a reference to the source article as a cited work is found are identified 

and extracted. 

 Sending content to web service – The extracted content is sent to the web service as a 

JSON object for identifying the context-types of sentences. 

 Handling response received from the web service – The application receives contextual 

information as a JSON object. 

 Displaying contextual information – The received JSON object is processed and 

displayed in SciVerse websites. The application uses treeplugin and the Pie chart plugin  

to display the data as a tree structure and pie chart respectively. 

                                                 
36 Sciverse Application Framework. http://www.developer.sciverse.com/framework 

37 Shindig. http://shindig.apache.org/  

 

http://www.developer.sciverse.com/framework
http://shindig.apache.org/
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Web Service 

The web service is a locally managed Java application that receives content from the JavaScript 

module and returns contextual information. The important components of the application are as 

follows: 

 The application runs on a Tomcat Server and uses HTTP GET to receive and return 

content as JSON objects. 

 Segmenting sentences – The paragraphs received from the JavaScript module need to be 

segmented before context types for each sentence can be identified. OpenNLP38 a Java-

based Natural Language Processing (NLP) tool is used for sentence segmentation. 

 Generating features – Feature generation is an important step in the process of identifying 

context types. Before being provided as an input to the classifier, each of the segmented 

sentences needs to be converted into a set of features that describe the properties of the 

sentence. In order to achieve this, various regular expressions are defined to derive 

features. 

 Identifying context type – The generated features are submitted as an input to the pre-

trained sentence context classifier model to identify context types for each sentence. 

Citation Services of CitContExt 

We describe in this section the citation context based information services of CitContExt. 

Search and Browse options 

The application provides the following three searching and browsing options for articles 

published in ScienceDirect: 

1. View contexts of sentences in citation paragraphs (Figure 8-20) 

2. View section-wise classification of citation sentences (Figure 8-21) 

3. View contexts of citing articles (Figure 8-23). 

                                                 
38 OpenNLP – Java Machine Learning Toolkit. http://incubator.apache.org/opennlp/ 
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A screenshot of the main entry page of CitContExt providing these options is shown in Figure   

8-19. We explain in the following sections features available in each of these options. 

 

Figure 8-19: Search Options in CitContExt 
 

View Contexts of Sentences in Citation Paragraphs 

CitContExt allows users to view contexts of both citation and non-citation sentences in 

paragraphs with citations in the selected article. Users can select option  - View Contexts of 

Sentences in Selected Paragraphs in Figure 8-19 to use this feature. A screenshot of this interface 

displaying the contexts of sentences is shown in Figure 8-20. Three different areas can be 

distinguished in the interface. 

1. Browse Section and Paragraph Information (indicated by  in Figure 8-20) – CitContExt 

identifies only those paragraphs with citation sentences and displays them as a tree structure, 

with section headings as the parent nodes and individual paragraphs as the child nodes. Each of 

these paragraphs can be clicked to view the content of the paragraph and subsequently the 

contextual information of sentences in the selected paragraph. In Figure 8-20, the user has 

selected Paragraph 2 under the Introduction section to view the contextual information. 
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2. View Contextual Information (indicated by  in Figure 8-20) – The contextual information 

of the selected paragraph is presented to the user with labels displayed at the end of each 

sentence. The application differentiates between citation and non-citation sentences by 

highlighting the citation sentences. The application also allows users to toggle between viewing 

the paragraphs with and without contextual information. As seen in Figure 8-20, the application 

has identified three sentences with two non-citation sentences and one citation sentence, which is 

highlighted. The contextual labels displayed at the end of each sentence can also be seen. 

3. Provide Information about labels (indicated by  in Figure 8-20) – In order to provide first-

hand information about the labels used for sentences, we have provided details of the labels that 

are used by the application. The application uses JavaScript to provide information about the 

labels, when the users hovers the mouse over the selected label. 

 

Figure 8-20: View Contexts of Sentences in Citation Paragraphs in CitContExt 
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View Section-wise Classification of Citation Sentences 

CitContExt also provides a feature for viewing section-wise classification of citation sentences 

according to their types. A screenshot of this interface is provided in Figure 8-21. As seen in the 

screenshot, a classification tree (indicated by  in Figure 8-21) displays the classification of 

citation sentences according to their types. This classification helps in quickly learning about the 

use of citations in the article. A citation can be selected to view the full paragraph where it 

appears. The citation sentence with the selected citation is rendered brown, and other citation 

sentences are highlighted to distinguish between the selected citation and the other citation 

sentences. 

This interface also allows users to see how other articles have cited the selected citation. The 

button indicated by label  in Figure 8-21 provides this feature. Users can use this button to 

obtain the list of other articles that have also cited the selected citation, which can then be used to 

view the contexts in which the selected citation is used, as explained in the following section. 

 

Figure 8-21: View Section-Wise Classification of Citation Sentences in CitContExt 
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View Context of Citations across Articles 

As mentioned earlier, users can view the context of the selected citation in other articles. A 

screenshot of this interface is provided in Figure 8-22. The area indicated by  in Figure 8-22 

shows the retrieved list of articles that have also cited the selected citation. This list of citing 

articles is obtained through the Scopus API. An indication about the availability of the full-text is 

also provided for each citing article, determined by whether the article is present in the 

ScienceDirect database. Users can select those titles that have full-text available to view the 

context in which the selected citation is cited in those articles. The area indicated by  in Figure 

8-22 provides details of where the selected citing article cites the selected citation. As can be 

seen, the paragraph where the selected citation appears in the selected citing article is identified 

and presented to the user along with the contexts associated with the sentences. This feature 

helps users to identify the usage of citations across articles. 

 

Figure 8-22: View Articles Citing a Selected Citation in CitContExt 
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View Contexts of Citing Articles 

CitContExt also allows users to view the contexts in which the selected source article is cited by 

other articles. This feature is in contrast to the currently available citation services provided by 

most citation-based information service providers. While they provide information about the 

number of citing articles, they do not provide any information regarding these citations. This 

feature of CitContExt goes one step further by providing contextual information for a citation in 

citing articles. A screenshot of this interface is provided in Figure 8-23. 

 

Figure 8-23: View Contexts of Citing Articles 
 

As can be seen in Figure 8-23, the list of citing articles for a source article is displayed to the 

user (area indicated by  in Figure 8-23). This list of articles is obtained using the Scopus API, 

along with information about the number of times these articles have been cited themselves. 

CitContExt provides an indication to the user about the full-text for the citing articles again 
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based on whether the citing article is present in the ScienceDirect database. Users can select an 

article with full-text availabilty to view the context in which the source article is cited by the 

selected citing article. This is displayed in the area indicated by  in Figure 8-23. As can be 

seen, the paragraph where the selected citation of the source article appears in the selected citing 

article is identified and presented to the user along with the contexts associated with the 

sentences. This feature helps users in viewing the context of citation across articles. 

8.5 Summary 

We presented in this chapter various applications developed during our study to provide citation 

context based information services. We started with a simple standalone application developed 

for sentences in related work sections from a small dataset of 20 articles. After successfully 

developing this application, we developed a linked data application called CIRRA using 355 

articles published in the ESWC. RDF dataset of 250,000 triples was generated using the citation-

related contextual data extracted from these articles. We developed various timelines such as 

citation sentences timeline, citations timeline, author timeline and keywords timeline, which 

provided citation context based information services. We also used Web APIs such as the 

SpringerOpen, SciVerse and Scopus APIs to develop our applications and demonstrated the use 

of such APIs in providing citation context based services for online articles.  

The task of developing applications to provide citation context based information services forms 

an important part of this thesis. This task can also be considered as a final outcome of this thesis 

with the applications using the results of the earlier objectives. The successful development of 

applications, presented in this chapter, proves the significant achievement of the objectives 

defined in this study. 
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Chapter 9 Conclusion 

 

 

9.1 Introduction 

This study was designed to identify contexts associated with sentences in research articles to use 

the contextual knowledge for developing intelligent tools for the research community. 

Accordingly, the following objectives were defined for this study. 

1. Identify or develop an annotation scheme of context types for sentences 

2. Develop a sentence context ontology 

3. Develop text extraction and preparation system 

4. Use supervised learning methods for automatic context type identification 

5. Develop applications capable of providing citation context based services 

As seen above, the final objective of this study was to develop tools capable of providing citation 

context based information services. As we explained in Chapter 8, we were able to successfully 

develop such intelligent tools, implying that we were able to successfully achieve the earlier 

objectives. We present in this chapter a brief summary of the results achieved in each of the 

defined objectives of this study and discuss the future work resulting from this study. 

9.2 Annotation scheme of context types for sentences 

An initial requirement identified for our study was the need for an annotation scheme that 

defined contexts for sentences in scientific articles. To this end, we studied various available 

schemes as discussed in Chapter 2 (Section 2.4) and found that none of the available schemes 

were suitable in their present form for our study. Therefore, we decided to develop an annotation 

scheme according to our requirements. The rationale for deciding to develop our own annotation 

scheme is presented in detail in Chapter 2 (Section 2.4.4). This study resulted in defining two 

annotation schemes for sentences in scientific articles: (a) focusing on sentences in related work 

section and (b) considering sentences in the full article. A detailed description of the annotation 
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schemes is presented in Chapter 4. The following are the key results presented in Chapter 4, with 

respect to developing an annotation scheme for sentences in scientific articles. 

 The initial experiments focused on sentences in the related work section of articles and 

used a dataset of 20 articles published in LNCS. Each of the sentences in the related work 

section of these articles was manually analyzed and we proposed an annotation scheme of 

thirteen categories for these sentences. The experiments also focused on identifying terms 

that characterized the context of sentences. 

 After successfully conducting experiments for sentences in related work sections, we 

extended these experiments to cover all citation sentences in the articles. To this end, we 

chose a dataset of 60 articles published in LNCS, which provided 1000 paragraphs that 

had citation sentences. Each of these sentences was manually analyzed and we proposed 

an annotation scheme of 13 categories for sentences appearing in the complete articles. 

We also focused on identifying the terms that characterized the context of sentences. 

 As we proposed a new annotation scheme, it was necessary to measure the reliability of 

our scheme and therefore, we carried out an inter-rater reliability study. The methodology 

and results of the inter-rater study was presented in Chapter 4 (Section 4.5). The 

following are the key results achieved for the inter-rater reliability study. 

 The inter-rater reliability study achieved an overall agreement of 89.93% among 

annotators, indicating that the defined labels could be reliably applied to sentences in 

scientific articles. 

9.4 Sentence context ontology 

While the annotation scheme developed in this study provided various context type definitions 

for sentences, there was also a need for a conceptual model that modelled the relations between 

the context type definitions. To this end, we developed sentence context ontologies for modelling 

the defined context type definitions. The ontologies are described in detail in Chapter 5. The 

following are the key results presented with respect to these sentence context ontologies. 

 The initial focus was laid on developing the ontology for sentences in related work 

sections of scientific articles. 

 The ontology was then extended to cover sentences in the full articles. 
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 The development of the ontology resulted in developing a model of sentence contexts, 

which was used for generating RDF data that can be used for providing citation context 

based information services. 

9.5 Text extraction and preparation system 

An important aspect of citation context based information systems is the task of obtaining 

structured content from scientific articles, published in PDF format. In order to achieve this, we 

followed a workflow which involved developing various modules for text extraction and 

preparation. We also used other tools such as PDF to text conversion software for deriving 

usable content from PDF and developed scripts using Python and Java for processing the 

extracted content. The workflow and the different components developed to achieve the task of 

text extraction and preparation are described in detail in Chapter 6. 

9.6 Sequential Classifiers for Automatic Context Type Identification 

As we have discussed in this thesis, automatic methods of context type identification are 

essential for citation context based applications. In order to achieve this, we used machine 

learning techniques and followed sequential classification models for identifying contexts of 

sentences. We presented the rationale for using sequential models in Chapter 2 (Section 2.5). We 

selected Conditional Random Fields (CRFs) – a sequential probabilistic framework, and carried 

out supervised learning experiments for sentence classification. These experiments are described 

in detail in Chapter 7 and the following are the key results presented in that chapter. 

 We presented an overview of sequential models such as HMMs, MEMMs and CRFs and 

noted the difference between these classifiers. We explained the label bias problems 

observed in MEMMs and also presented a working model of CRFs. 

 Initial experiments were carried out with sentences in related work sections. These 

experiments were conducted with 200 paragraphs extracted from the related work 

sections of 20 research articles. These experiments defined two types of features: citation 

and sentence features. We carried out experiments using first order linear chain CRFs on 

two sets of features – one with sentence features alone and the other with a combination 

of citation and sentence features. The 10-fold cross validation results for the training 



216 

 

dataset achieved an overall accuracy of 96.51% with the use of citation and sentence 

features and a lower accuracy of 93.22% with sentence features alone, using the first-

order linear chain CRF.  

 The initial experiments were extended to consider citation sentences appearing in the full 

article and we conducted experiments with 1000 paragraphs with citations extracted from 

70 research articles. In addition to citation and sentence features, we defined an 

additional feature to indicate the section of the sentences in the articles. The feature 

selection process showed that all features were important for classification purposes. 

Further, we investigated the use of first order linear chain CRFs with additional zero-

order features in order to provide a back-off capability for classes with fewer instances. 

The 10-fold cross validation experiments on the training dataset of 40 articles achieved 

an overall accuracy of 91.70% with the use of first and zero-order CRFs and a slightly 

lower accuracy of 89.97% for CRF first order linear chain. 

 We also carried out experiments using terms identified using a thesaurus. The features 

defined using thesaurus terms facilitated identification of two types of GAPS sentences – 

one that identifies problems and the other one that solves problems. The 10-fold cross 

validation experiments with the training dataset of 40 articles achieved an overall 

accuracy of 90.09%. The classifier model developed using this training dataset achieved 

an accuracy of 92.72% on the test dataset of 30 research articles. 

 The use of thesaurus terms had a significant effect on classifying sentences, particularly 

in generating more accurate features for sentences and hence finer classification of 

sentences. 

 We also compared the results achieved in our study with results of similar studies and 

showed that our results scored better to the compared results. 

9.7 Applications capable of providing citation context based services 

The final objective of this study was to develop intelligent tools for providing citation context 

based information services for the research community using the results achieved in the earlier 

objectives. We successfully developed a number of applications. These applications are 

explained in detail in Chapter 8. The following is a summary of the applications developed in 

this study. 
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 The initial experiments used context type definitions and the sentence context ontology 

developed for related work sections and implemented a standalone application for a small 

dataset of 20 research articles. 

 These techniques were extended to develop an application based on linked data principles 

for a larger dataset of 355 articles published in the European Semantic Web Conference 

proceedings. The application used the context type definitions and the ontology 

developed for all citation sentences in the articles. The application can be accessed online 

at https://info-nts-12.otago.ac.nz:8090/cirrademo/  

 The key highlights of the linked data application are as follows: 

a) We created RDF data of 250,000 triples for papers published in ESWC.  

b) The application used Exhibit Timeline for providing an interactive user interface. 

c) It used DBLP linked data available at the SPARQL endpoint for querying ESWC 

bibliographic data. 

d) Provided citation context based information services through various timelines such 

as citation sentences timeline, author timeline, citations timeline and keywords 

timeline. 

 We developed a similar application using the SpringerOpen Web APIs.  

 In order to provide citation context based information services on a larger scale, we 

developed CitContExt (Citation Context Extractor) that integrated the citation context 

tool with the Sciverse Content and Scopus APIs, which provide access to Elsevier content 

and links to citing articles, respectively.  CitContExt is currently available free to 

ScienceDirect users at SciVerse Applications Gallery39. 

All the applications mentioned above were developed with a focus on providing citation context 

based information services and succeeded in providing the following services. 

9.7.1 Browse Context Types of Citations in an Article 

The applications facilitated browsing of citations in the selected article. It needs to be noted that 

currently there are no tools that enable users to view contexts of citations in a given article. The 

applications developed in this study enable users to view the use of citations in an article by 

                                                 
39 www.applications.sciverse.com/action/appDetail/297884?zone=main&pageOrigin=appGallery&activity=display 

https://info-nts-12.otago.ac.nz:8090/cirrademo/
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presenting their context types. This helps in distinguishing between different types of citations in 

the article. For example, if the user is interested in viewing all the cited works in which the 

author has identified shortcomings or gaps, he or she can choose this category based on the 

classification of context types provided by the application. In the absence of such a feature, the 

user would be required to read the full articles in order to identify the contexts of different 

citations 

9.7.2 Viewing Contexts of Citing Articles 

The applications provided a useful feature in identifying the contexts of citing articles for a given 

article. It needs to be noted that current tools provide citation link services and do not help in 

identifying the context of a citation. Our applications differ from these tools by providing the 

contextual information about the citation. In the absence of such a feature, the user has to go 

through a laborious process of identifying the context in various citing articles. Our application 

provides a valuable feature in this direction by extracting only the citation paragraphs from the 

citing articles and presenting them to the user along with their context, which helps in easier 

evaluation of the target article. An example use of this facility would be a researcher searching 

for citations to one of his articles where the cited author has used the article for identifying or 

overcoming gaps or identified gaps in the article itself. 

9.7.4 Viewing Contexts of Author Works 

The applications also provided the author timeline that displays citation sentences drawn from 

different articles belonging to the specified author. Each of these citation sentences can display 

its associated sentences and the source article. This feature facilitates browsing the citation 

context of an individual author’s work, cited in different articles. 

9.7.3 Sketching the Intellectual Lineage for Topics 

The applications also provided a keywords timeline that allowed users to browse citation 

sentences for a specific keyword drawn from different articles, published over a period of time. 

This facilitates to view how different authors have addressed a specific topic over a period of 

time and thus aids in sketching the intellectual lineage for specific ideas.   
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9.8 Future Work 

This study resulted in identifying several future areas of research as discussed in the following 

sections. 

9.8.1 Evaluation of Annotation Scheme 

We developed an annotation scheme comprising context type definitions for sentences in 

scientific articles. The following are some of the areas where further research can be taken up. 

Evaluation of Annotation Scheme in other Domains 

The focus in our study was limited to articles published in the domain of computer science. The 

annotation scheme was designed by analyzing papers in the field of computer science and tested 

through an inter-rater reliability study involving researchers in the field of information science, a 

closely related discipline to computer science. In order to establish the acceptance of the 

annotation scheme in different domains, it would be useful to undertake an inter-rater reliability 

study in other domain, involving researchers from respective domains.  

Use of Clauses for Analyzing Context Types 

As we have described in Chapter 4, we identified the context types for sentences by considering 

sentences as an atomic unit in our study. We did not attempt to break them into further 

constituents. One of the possible lines of investigation would be to split sentences into clauses 

(where applicable) and to study contexts at this fine-grained level.  

9.8.2 Evaluation of Sentence Context Ontology 

We established the reliability of the annotation scheme proposed in our study by carrying out an 

inter-rater reliability study. However, we did not carry out an evaluation of the sentence context 

ontology developed in this study. It would be useful to study the usability of ontology using 

human analysts. This would be helpful in analyzing the acceptance of the ontology. 

9.8.3 Further Supervised Learning Experiments 

We used in this study CRFs, a sequential probabilistic framework for achieving the task of 

automatic context identification. Further investigation can be carried out in the following areas 
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for achieving higher accuracy and overcoming the limitation particularly with the use of terms 

for defining term features. 

Development of Larger Training Dataset 

The CRF classifier in this study was developed using the training dataset of 70 articles. This 

dataset provided for 1000 paragraphs with citations. The results of the classifier show that there 

still remains confusion for classes such as CWIG (Cited Work Identifies Gaps) and CWOG 

(Cited Work Overcomes Gaps). In order to overcome this problem, further investigation can be 

taken up for developing a larger training dataset and study its impact on sentence classification. 

Experiment with other Types of Features 

The machine learning experiments in this study was carried out using three types of features:  

citation, section and term features. Further work can be carried out to explore the use of other 

types of features for representing sentences. These include the following. 

a. Part of Speech (POS) Tags – We used in our study term features defined based on the 

presence of certain kinds of terms in sentences. We explained in our thesis that this could 

have a limitation in identifying features for unseen words. In order to overcome this 

problem, we also developed a larger set of related terms using a thesaurus. Another way 

of overcoming this problem could be to use POS tags for the identified terms. It would be 

interesting to explore the replacement of the terms by their POS tags and study the use of 

POS tags as features in classifying sentences. This could solve the problem of not 

defining features for unseen terms in feature definition. 

b. Distance between adjectives – The review of literature in the field of sentiment analysis 

in Chapter 2 (Section 2.5.4) noted that the distance between adjectives is used as an 

important feature in identifying and analyzing sentiments associated with sentences. It 

would be interesting to explore the use of the distance between adjectives as a feature in 

classifying sentences. 
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Collecting User Feedback about Terms used for Features 

The feature definition for sentences in this study was done by manually analyzing sentences in 

articles chosen in the training dataset. It would be useful to investigate the involvement of users, 

both readers and authors for obtaining feedback about the terms used for defining features for 

sentences. This would also facilitate identification of newer terms which can be used for 

automatically updating the term list used for defining term features. To this end, it would be 

required to develop an online application for obtaining user feedback and could potentially be 

integrated into CitContext, the SciVerse application. 

Interactive Applications for providing Citation Context based Information Services  

We developed in our study various applications for providing citation context based information 

services for the research community. These included a standalone application, a Semantic Web 

linked data application and a Web application. The user interfaces in these applications were 

developed using Asynchronous JavaScript and XML (AJAX) and JavaScript. It would be useful 

to explore the use of other visualization techniques for developing more interactive interfaces for 

rendering the complex structure of the citation context graph and thereby achieve optimum value 

for the contextual data. 
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Appendix 1-1 

 

Classifying Sentences in Related Work Section 

The following is an example of identifying terms for sentences in related work sections of 

research articles, according to the categories of terms explained in Chapter 4 (Section 4.3.4) and 

classifying sentences according to the scheme discussed in Chapter 4 (Section 4.3.2). 

 

 

 

 

 

 

 

 

 

 

 

Classification Scheme for Sentences in Related Work Sections 
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Background 
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Paragraph 1
40 

No. Sentence Features
41 Label

42 

1.  Several researchers have 

been studying the behavior of 

chains in MHWNs. 

sentHasTerm=BGT 

 

BG 

2.  Li et al. examine the 

performance of chains as the 

number of hops are increased 

and study the effect of cross-

interference between chains 

[5].  

sentHasCitation 

sentHasTerm=SOI 

 

RWD_CS 

3.  They analyze the effect of 

MAC 802.11 behavior on the 

performance of multi-hop 

chains but do not categorize 

interference patterns that 

govern network performance 

in terms of throughput and 

bandwidth utilization.  

prevSentHasCitation 

sentHasTerm=SPN 

sentHasTerm=DES 

sentHasTerm=SCT 

RWSC 

4.  Ping et al. present a hop by 

hop analysis of a multi-hop 

chain, study the impact of 

hidden terminals on the 

throughput chains, and 

present a quantitative 

approach towards estimating 

this throughput [6].  

sentHasCitation 

sentHasTerm=SOI 
RWD_CS 

5.  They show that hidden 

terminals cause packet drops 

affecting chain throughput and 

causing route stability. 

prevSentHasCitation 

sentHasTerm=SPN 

sentHasTerm=OCT 

RWO 

Paragraph 2 

No. Sentence Features Label 

6.  Razak et al. have studied the 

effect of MAC interactions on 

single chains under saturated 

UDP traffic [1].  

sentHasCitation 

sentHasTerm=SOI 

 

RWD_CS 

  

                                                 
40 The paragraph is extracted from the related work section in the article and the sentences are listed sequentially as they appear 

in the paragraph. 

41 The term features are defined based on the presence of identified terms and citations. 

42 The labels are defined based the annotation scheme shown above. 

Term Features - Categories of 

Terms defined for Sentences in 

Related Work Sections 

 

Category Colour 

Background Terms (BGT)  

Subject of Inquiry Terms (SOI)  

Outcome Terms (OCT)  

Strength Terms (STH)  

Shortcomings Terms (SCT)  

Subjective Pronouns (SPN)  

Words of Stress (WOS)  

Alternate Approach Terms (AAT)  

Result Terms (RES)  

Contrasting Terms (CON)  

 

Citation Feature – Defined based 

on the presence of citations 

 

Sentence Has Citation  
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Paragraph 2 (Continued) 

 Sentence Features Label 

7.  They develop a systematic 

methodology for determining 

the types of interaction that are 

possible in chains of 3 and 4 

hops and the study the effect 

of these interactions on chain 

performance.  

prevSentHasCitation 

sentHasTerm=SPN 

sentHasTerm=OCT  

RWO 

8.  They further extend their work 

to analyze chains of n hops. 
sentHasTerm=SPN 

sentHasTerm=DES 
RWD 

9.  These studies do not consider 

the effect of TCP traffic on 

chain performance.  

sentHasTerm=SPN 

sentHasTerm=DES 

sentHasTerm=SCT 

RWSC 

10.  TCP introduces several 

factors like bi-directional 

traffic, congestion control, 

round trip time estimations for 

timeout prediction etc. that are 

affected by interference 

interactions within a chain. 

sentHasTerm=BGT BG 

11.  As we will show in this paper, 

the types of interactions within 

chain have a substantial effect 

on the performance of a 

network under TCP traffic. 

sentHasTerm=RES CWO 

Paragraph 3 

 Sentence Features Label 

12.  Xu and Saadawi evaluate the 

performance of TCP over 

wireless chains.  

sentHasCitation 

sentHasTerm=SOI 
RWD_CS 

13.  They demonstrate that TCP 

traffic in a chain has instability 

problems that degrade chain 

throughput [3].  

sentHasCitation 

prevSentHasCitation 

sentHasTerm=SPN 

sentHasTerm=SOI 

RWD_CS 

14.  They study the effect of 

various TCP flavors and 

report a degradation of 

throughput from 11% in 3-hop 

chains to 21% in 7-hop chains. 

sentHasTerm=SPN 

sentHasTerm=OCT 
RWO 

  

Term Features - Categories of 

Terms defined for Sentences in 

Related Work Sections 

 

Category Colour 

Background Terms (BGT)  

Subject of Inquiry Terms (SOI)  

Outcome Terms (OCT)  

Strength Terms (STH)  

Shortcomings Terms (SCT)  

Subjective Pronouns (SPN)  

Words of Stress (WOS)  

Alternate Approach Terms (AAT)  

Result Terms (RES)  

Contrasting Terms (CON)  

 

Citation Feature – Defined based 

on the presence of citations 

 

Sentence Has Citation  
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Paragraph 3 (continued) 

 Sentence Features Label 

15.  In this paper, we show that 

even within 3 and 4 hop 

chains, there is throughput 

degradation of around 25% 

based on the type of 

interactions between links of 

the chain.  

sentHasTerm=RES CWO 

16.  We also show that the chains 

Xu and Saadawi consider, 

represent a small fraction in 

the spectrum of chains that can 

occur in bi-directional flows. 

sentHasCitation 

sentHasTerm=RES 
CWO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Term Features - Categories of 

Terms defined for Sentences in 

Related Work Sections 

 

Category Colour 

Background Terms (BGT)  

Subject of Inquiry Terms (SOI)  

Outcome Terms (OCT)  

Strength Terms (STH)  

Shortcomings Terms (SCT)  

Subjective Pronouns (SPN)  

Words of Stress (WOS)  

Alternate Approach Terms (AAT)  

Result Terms (RES)  

Contrasting Terms (CON)  

 

Citation Feature – Defined based 

on the presence of citations 

 

Sentence Has Citation  

 



245 

 

Appendix 1-2 

 

Classifying Sentences in Full-Text 

The following is an example of identifying terms in sentences of full text of articles according to 

the categories of terms explained in Chapter 4 (Section 4.4.5) and classifying sentences 

according to the scheme discussed in Chapter 4 (Section 4.4.2). 
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Citation Sentences Non-Citation Sentences 
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CWIG CWOG OUCW 

CCW RWCW SCCW 

BGR GAPS DES 

CWO CWSC ISSUE 
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Paragraph 143 (Introduction Section) 

No. Sentence Features Label 

1.  Researchers have studied the 

performance of uni-directional 

flows [1, 2] as well as bi-

directional flows (TCP) [3] 

over MHWNs.  

sentSec=Intro 

sentHasTerm=IDT 

sentHasCitation 

 

IRCW 

2.  With regards to TCP, Xu et. al. 

study the behavior of TCP 

Tahoe, Reno, Sack and Vegas 

over a chain [3].  

sentSec=Intro 

sentHasTerm=IDT 

sentHasCitation 

prevSentHasCitation 

IRCW 

3.  They only analyze the 

performance of TCP over a 

chain where each hop is 200 

meters. (The term ‘They’ is a 

connector to the previous two 

sentences) 

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=IDT 

sentHasTerm=SCT 

prevSentHasCitation 

RWSC 

4.  According to our findings this 

type of chain accounts for 8.5% 

of chains that occur; over 90% 

of the chains that occur are not 

studied, neither is the 

performance of TCP over those 

chains. 

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=IDT44 

sentHasTerm=SCT  

RWSC 

5.  The performance of TCP over 

these chains depends on the 

interference relations between 

links in the chain; these 

relations also differentiate 

between chain types. 

sentSec=Intro 

sentHasTerm=CT 

DES 

Paragraph 2 (Introduction Section) 

No. Sentence Features Label 

6.  In general, links in a chain that 

do not share a common node 

can be active simultaneously; 

these links exhibit different 

interference interactions.  

sentSec=Intro  

sentHasTerm=CT 

sentHasTerm=SCT 

BGR 

7.  These interactions arise 

because the state of the 

channel at the sender, where 

carrier sense is attempted, is 

sentSec=Intro 

sentHasTerm=CT  

DES 

                                                 
43 The paragraphs with citations are extracted from the full-text and the sentences are listed sequentially as they  appear in the 

paragraph. 

44 The terms ‘studied’ is used both as shortcoming term as well as identifier term. 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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different from that at the 

receiver. 

8.  Thus, a sender may sense the 

channel to be idle, and transmit 

to a receiver whose channel is 

occupied, leading to a collision 

(hidden terminal problem [4]).  

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=SCT 

sentHasCitation 

IRCW 

9.  The collisions caused by these 

interactions significantly affect 

chain behaviour.  

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=ISS 

sentHasTerm=SCT 

prevSentHasCitation 

RWSC 

10.  Therefore, understanding these 

interactions and their impact 

on chain performance is an 

essential first step towards 

predicting behaviour of 

MHWNs and the performance 

of protocols running over these 

networks. 

sentSec=Intro  

sentHasTerm=CT 

DES 

Paragraph 3 (Introduction Section) 

No. Sentence Features Label 

11.  Several researchers have been 

studying the behavior of chains 

in MHWNs. 

sentSec=Intro   

sentHasTerm=IDT 

BGR 

12.  Li et al. examine the 

performance of chains as the 

number of hops are increased 

and study the effect of cross-

interference between chains 

[5].  

sentSec=Intro 

sentHasTerm=IDT 

sentHasCitation 

 

IRCW 

13.  They analyze the effect of 

MAC 802.11 behavior on the 

performance of multi-hop 

chains but do not categorize 

interference patterns that 

govern network performance 

in terms of throughput and 

bandwidth utilization.  

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=IDT 

sentHasTerm=SCT 

prevSentHasCitation 

RWSC 

14.  Ping et al. present a hop by hop 

analysis of a multi-hop chain, 

study the impact of hidden 

terminals on the throughput 

chains, and present a 

quantitative approach towards 

estimating this throughput [6].  

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=IDT 

sentHasCitation 

IRCW 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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15.  They show that hidden 

terminals cause packet drops 

affecting chain throughput and 

causing route stability. 

sentSec=Intro  

sentHasTerm=CT 

sentHasTerm=IDT 

prevSentHasCitation 

DES 

Paragraph 4 (Introduction Section) 

No. Sentence Features Label 

16.  Razak et al. have studied the 

effect of MAC interactions on 

single chains under saturated 

UDP traffic [1].  

sentSec=Intro   

sentHasTerm=IDT 

sentHasCitation 

 

IRCW 

17.  They develop a systematic 

methodology for determining 

the types of interaction that are 

possible in chains of 3 and 4 

hops and the study the effect of 

these interactions on chain 

performance.  

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=IDT 

prevSentHasCitation 

DES 

18.  They further extend their work 

to analyze chains of n hops. 

sentSec=Intro 

sentHasTerm=IDT 

sentHasTerm=EXT 

sentHasTerm=CT  

DES 

19.  These studies do not consider 

the effect of TCP traffic on 

chain performance.  

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=IDT 

sentHasTerm=SCT 

RWSC 

20.  TCP introduces several factors 

like bi-directional traffic, 

congestion control, round trip 

time estimations for timeout 

prediction etc. that are affected 

by interference interactions 

within a chain. 

sentSec=Intro 

sentHasTerm=IDT 

sentHasTerm=SCT 

RWSC 

21.  As we will show in this paper, 

the types of interactions within 

chain have a substantial effect 

on the performance of a 

network under TCP traffic. 

sentSec=Intro  

sentHasTerm=CT 

sentHasTerm=RES  

CWO 

Paragraph 5 (Introduction Section) 

No. Sentence Features Label 

22.  Xu and Saadawi evaluate the 

performance of TCP over 

wireless chains [3].  

sentSec=Intro   

sentHasTerm=IDT 

sentHasCitation 

IRCW 

23.  They demonstrate that TCP 

traffic in a chain has instability 

sentSec=Intro 

sentHasTerm=CT 

CWIG 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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problems that degrade chain 

throughput [3].  

sentHasTerm=IDT 

sentHasTerm=SCT 

sentHasCitation 

prevSentHasCitation 

24.  They study the effect of 

various TCP flavors and report 

a degradation of throughput 

from 11% in 3-hop chains to 

21% in 7-hop chains. 

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=IDT 

prevSentHasCitation 

DES 

25.  In this paper, we show that 

even within 3 and 4 hop 

chains, there is throughput 

degradation of around 25% 

based on the type of 

interactions between links of 

the chain.  

sentSec=Intro 

sentHasTerm=CT 

sentHasTerm=RES 

CWO 

26.  We also show that the chains 

Xu and Saadawi consider, 

represent a small fraction in 

the spectrum of chains that can 

occur in bi-directional flows. 

sentSec=Intro  

sentHasCitation 

sentHasTerm=RES 

RWRW 

Paragraph 6 (Paragraph does not belong to Introduction Block or 

Conclusion Block) 

No. Sentence Features Label 

27.  In multi-hop wireless 

networks, two interfering links 

can interact in several different 

ways. 

sentSec=sub  BGR 

28.  Given two source-destination 

pairs S1−D1 and S2−D2, there 

exist four secondary links: 

S1−S2, S1−D2, S2−D1, and 

D1−D2 that can interfere with 

each other. 

sentSec=sub DES 

29.  Although there can be a large 

number of combinations for 

these interactions [7, 8], we 

discover that a limited number 

of these interactions are 

possible between links of 

chain.  

sentSec=sub 

sentHasTerm=CT 

sentHasTerm=SCT 

sentHasTerm=RES 

sentHasCitation  

RWRW 

30.  We summarize these 

interactions in Figure 1, and 

briefly describe each one. 

sentSec=sub  

sentHasTerm=CT 

sentHasTerm=IDT 

sentHasTerm=RES 

prevSentHasCitation 

CWO 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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Paragraph 7 (Paragraph does not belong to Introduction Block or 

Conclusion Block) 

No. Sentence Features Label 

31.  This interaction is similar to 

HT interaction but the 

destination that experiences 

interference is able to capture 

its packets. 

sentSec=sub  

sentHasTerm=CT 

BGR 

32.  Hence whenever the source for 

this destinations starts 

transmission first, the link will 

experience successful packet 

reception and throughput on 

this link will not be as severely 

affected as in HT interaction 

[9]. 

sentSec=sub  

sentHasTerm=CT 

sentHasTerm=OGT 

sentHasCitation 

OGCW 

 

Paragraph 8 (Paragraph does not belong to Introduction Block or 

Conclusion Block) 

No. Sentence Features Label 

33.  Razak et al. have determined 

that, between any two links, 

there can be 10 different 

interference interaction 

possible [8].  

sentSec=sub 

sentHasTerm=IDT 

sentHasCitation 

IRCW 

34.  For a three-hop chain only 

interactions i1 - i4 apply.  

sentSec=sub  

prevSentHasCitation 

DES 

35.  With 4 interactions and 10 

interaction types for each 

interaction we can have 104 

types of chains. 

sentSec=sub  DES 

36.  In a four-hop chain, the 

possibilities are even more 

overwhelming.  

sentSec=sub DES 

37.  Four hop chains have 12 

interactions, each with 10 

possible interaction types; we 

can have 1012 different chains. 

sentSec=sub  DES 

38.  Fortunately due to geometric 

limitations, in reality there are 

only 3 chain types that most 

commonly occur in three-hop 

chains and 8 chain types that 

commonly occur in four-hop 

chains. 

sentSec=sub 

sentHasTerm=SCT 

DES 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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Paragraph 9 (Paragraph does not belong to Introduction Block or 

Conclusion Block) 

No. Sentence Features Label 

39.  In order to determine 

commonly occurring 

interactions and calculate their 

occurrence probability, we 

consider a 1500m x 1500m 

network with 500 nodes, 

randomly placed with uniform 

distribution.  

sentSec=sub  

sentHasTerm=IDT 

sentHasTerm=MET  

BGR 

40.  For routing, we use our 

implementation of NADV 

[10], which uses a greedy 

protocol to pick best next hop 

at each node.  

sentSec=sub 

sentHasTerm=MET 

sentHasCitation 

WUCW 

41.  The metric for selecting the 

hop is the product of link 

quality and distance traveled 

towards the destination. 

sentSec=sub  

prevSentHasCitation 

DES 

Paragraph 10 (Paragraph does not belong to Introduction Block or 

Conclusion Block) 

No. Sentence Features Label 

42.  We explain this behavior by a 

detailed discussion of how the 

SHAC interaction acts in an 

SC/SC/SHAC chain.  

sentSec=sub 

sentHasTerm=CT   

BGR 

43.  Refer to Figure 2 for the 

numbers and locations of the 

nodes and hops used in the 

following explanation.  

sentSec=sub DES 

44.  In the SC/SC/SHAC chain, 

Hop1 and Hop3 behave as 

follows. 

sentSec=sub DES 

45.  Nodes 0 and 3 can transmit 

concurrently since they are not 

sender-connected.  

sentSec=sub 

sentHasTerm=CT 

DES 

46.  When both these nodes 

transmit concurrently there is a 

collision at node 1 since it is in 

capture range with both nodes. 

sentSec=sub 

sentHasTerm=CT  

DES 

47.  However, when node 3 starts 

transmitting before node 0, 

node 2 is able to capture the 

packet [9]; a collision at node 2 

sentSec=sub  

sentHasTerm=SCT 

sentHasTerm=OGT 

CWOG 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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occurs only when node 0 starts 

transmission before node 3. 

sentHasCitation  

48.  In this interaction, the link 

between node 0 and node 1 is 

the weak link, i.e. it faces 

unfairness in terms of 

collisions. 

sentSec=sub 

sentHasTerm=CT 

prevSentHasCitation 

DES 

49.  Figure 4(b) shows that this 

unfairness causes the collision 

drops for TCP traffic at Hop1 

for the SC/SC/SHAC chain to 

be significantly higher than the 

other two types of chains.  

sentSec=sub 

sentHasTerm=CT  

DES 

50.  This translates to a high 

retransmission overhead as 

depicted in Figure 4(a). 

sentSec=sub  

sentHasTerm=CT  

DES 

Paragraph 11 (Paragraph does not belong to Introduction Block or 

Conclusion Block) 

No. Sentence Features Label 

51.  The SC/SC/SC chain is the 

best in terms of performance 

and efficiency.  

sentSec=sub BGR 

52.  It has the lowest overhead 

since all the sources are sender 

connected and the medium 

arbitration is synchronized.  

sentSec=sub DES 

53.  The only collisions in this case 

are synchronized collisions. 

sentSec=sub 

sentHasTerm=CT 

DES 

54.  These collisions are caused 

when two nodes that are sender 

connected are ready to transmit 

a packet, sense the medium as 

idle and then transmit at the 

same time. 

sentSec=sub 

sentHasTerm=CT  

DES 

55.  Such collisions occur 

infrequently [11]. 

sentSec=sub  

sentHasCitation 

IRCW 

Paragraph 12 (Paragraph does not belong to Introduction Block or 

Conclusion Block) 

No. Sentence Features Label 

56.  As mentioned in section 4.1 

and 4.2, SHAC and HT 

interactions affect TCP 

performance due to numerous 

collisions. 

sentSec=sub 

sentHasTerm=SCT 

RWSC 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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57.  Some routing protocols decide 

that a route is lost if a certain 

number of consecutive MAC 

transmissions lost [12,13]; the 

routing protocol then initiates 

route discovery.  

sentSec=sub 

sentHasCitation 

IRCW 

58.  In the absence of RTS/CTS 

this number is set to seven.  

sentSec=sub 

sentHasTerm=CT 

prevSentHasCitation 

DES 

59.  In chains that cause numerous 

collisions such protocols 

would initiate route discovery 

numerous times. 

sentSec=sub DES 

60.  Since the route is not lost, the 

same route will be found every 

time. 

sentSec=sub DES 

61.  Figure 6 shows the number of 

such route drops in each chain 

and then breaks up the route 

drops depending on whether 

they were caused by TCP data 

packet collisions or TCP ack 

packet collisions.  

sentSec=sub 

sentHasTerm=CT 

DES 

62.  Notice that even though ack 

collisions do not cause 

significant overhead in terms 

of bits/second retransmitted, 

their effect on initiating route 

discovery is significant. 

sentSec=sub DES 

63.  Recall from section 4.2 that 

due to smaller size collisions 

of TCP ack packets are 

significantly higher in number. 

sentSec=sub DES 

Paragraph 13 (Conclusion Section) 

No. Sentence Features Label 

64.  In this paper, we have 

demonstrated that wireless 

chains, that otherwise appear 

identical to higher layers, can 

have very different MAC 

interactions.  

sentSec=conc  

sentHasTerm=CT 

sentHasTerm=RES  

CWO 

65.  This difference in MAC 

interactions between the links 

of these chains can cause up to 

25 percent difference in 

sentSec=conc 

sentHasTerm=CT 

DES 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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throughput performance.  

66.  Furthermore, in some cases, 

even if the throughput is not 

affected by these interactions, 

inefficient chains require a 

significantly higher number of 

MAC transmissions to achieve 

the same throughput.  

sentSec=conc 

sentHasTerm=CT 

sentHasTerm=SCT 

DES 

67.  These retransmissions keep the 

medium busy and degrades 

throughput of the network.  

sentSec=conc 

sentHasTerm=CT 

DES 

68.  Based on the observed 

interactions, we have proposed 

a ranking of the chains in a 

MHWN.  

sentSec=conc 

sentHasTerm=RES 

CWO 

69.  Sender-connected chains 

provide high throughput with 

low retransmission overhead 

and ought to be favored by 

higher layers. 

sentSec=conc  DES 

Paragraph 14 (Conclusion Section) 

No. Sentence Features Label 

70.  The analysis and results we 

have presented in this paper 

represent a first step towards a 

better understanding of how 

chains behave in a general 

network setting and how 

performance is affected by 

cross chain effects.  

sentSec=conc  

sentHasTerm=CT 

sentHasTerm=SCT 

sentHasTerm=RES  

CWO 

71.  For future work, we plan to 

extend our analysis to larger n-

hop chains.  

sentSec=conc 

sentHasTerm=FWT 

FW 

72.  Furthermore, we would like to 

evaluate and develop routing 

protocols that exploit this 

knowledge to improve network 

performance. 

sentSec=conc  

sentHasTerm=CT 

sentHasTerm=FWT 

FW 

 

 

 

Term Features - Categories of 

Terms defined for Sentences in 

Full Text of the Article 

 

Category Colour 

Comparing Terms (COM)  

Connecting Terms (CT)  

Extending Terms (EXT)  

Future Work Terms (FWT)  

Identifier Terms (IDT)  

Issue Terms (ISSUE)  

Methodology Terms (MET)  

Overcoming Gap Terms (OGT)  

Result Terms  (RES)  

Shortcoming Terms (SCT)  

 

Citation Feature – Defined based on 

the presence of citations 

 

Sentence Has Citation  
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Appendix 2-1 

 

Terms and Phrases Identified in Training Dataset of 20 Articles  

(Sentences in Related Work Section) 

 

 

Background Terms and 

Phrases (BGT) 

 

1.  At present 

2.  Besides 

3.  commonly 

4.  Conventionally 

5.  examples 

6.  field of  

7.  fields of 

8.  For a long time 

9.  For many years 

10.  In recent decades 

11.  In recent years 

12.  include 

13.  introduces 

14.  Lots of organizations 

15.  Lots of research 

16.  Many 

17.  Meanwhile 

18.  Most 

19.  Much 

20.  new challenges 

21.  One 

22.  overview 

23.  previous studies 

24.  previous works 

25.  Recent advances 

26.  Recent innovations 

27.  recent trend 

28.  Recently 

29.  section presents 

30.  Several approaches 

31.  Several attempts 

32.  Several Researchers 

33.  several researchers 

34.  Some 

35.  some examples 

36.  some researchers 

37.  summarizes 

38.  the basic idea 

39.  The need 

40.  there are some 

41.  To address this 

problem 

42.  Traditionally 

43.  trend 

44.  trends 

45.  Various attempts 

46.  very little work 

47.  viewed 

 

Subject of Inquiry Terms and 

Phrases (SOI) 

 

1.  achieve 

2.  achieves 

3.  acquired 

4.  acquires 

5.  adapt 

6.  adapted 

7.  adapts 

8.  added 

9.  addressed 

10.  addresses 

11.  adds 

12.  adopted 

13.  adopts 

14.  advanced 

15.  advances 

16.  aim 

17.  aimed 

18.  aims 

19.  analyse 

20.  analysed 

21.  analysing 

22.  analysis 

23.  analyze 

24.  analyzed 

25.  analyzing 

26.  annotate 

27.  annotated 

28.  annotates 

29.  applied 

30.  applies 

31.  apply 

32.  assess 

33.  assessed 

34.  assesses 

35.  assign  

36.  assigned 

37.  assigns 

38.  assume 

39.  assumed 

40.  assumes 

41.  based 

42.  build 

43.  building 

44.  builds 

45.  built 

46.  calculate 
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47.  calculated 

48.  calculates 

49.  called 

50.  capitalize 

51.  capitalized 

52.  capitalizes 

53.  capture  

54.  captured 

55.  captures 

56.  categorize 

57.  categorized 

58.  categorizes 

59.  classified 

60.  classifies 

61.  classify 

62.  combine 

63.  combined 

64.  combines 

65.  compare 

66.  compared 

67.  compares 

68.  comparing  

69.  compute 

70.  computed 

71.  computes 

72.  computing 

73.  conduct 

74.  conducted 

75.  conducting 

76.  conducts 

77.  consider 

78.  considered 

79.  considering 

80.  considers 

81.  construct 

82.  constructed 

83.  constructing 

84.  constructs 

85.  count 

86.  counted 

87.  counting 

88.  counts 

89.  dealt 

90.  defined 

91.  demonstrate 

92.  demonstrated 

93.  depicted 

94.  derived 

95.  describe  

96.  described 

97.  detailed 

98.  detailing 

99.  detected 

100.  determine  

101.  determines 

102.  devise 

103.  discovered 

104.  discuss 

105.  discussed 

106.  displays 

107.  done 

108.  drew 

109.  employ   

110.  employed 

111.  employs 

112.  enables 

113.  ensures 

114.  established 

115.  estimate 

116.  evaluate 

117.  evaluated 

118.  evaluates 

119.  evolve 

120.  examine 

121.  examined 

122.  Examples 

123.  executed 

124.  expand 

125.  expanded 

126.  expands 

127.  exploit 

128.  exploited 

129.  explored 

130.  express 

131.  extend  

132.  extended 

133.  extracted 

134.  extracting 

135.  extracts 

136.  focuses 

137.  For example 

138.  For instance 

139.  found 

140.  gains 

141.  gathered 

142.  generated 

143.  group 

144.  guaranteed 

145.  have studied 

146.  highlight 

147.  identified 

148.  implements 

149.  In particular 

150.  include 

151.  included 

152.  indicated 

153.  indicates 

154.  inserted 

155.  integrated 

156.  interpreted 

157.  introduce 

158.  introduces 

159.  investigate  

160.  investigated 

161.  leveraged 

162.  leveraging 

163.  linking 

164.  measured 

165.  model 

166.  modeled 

167.  modelled 

168.  noted 

169.  observe 
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170.  observed 

171.  obtained 

172.  obtains 

173.  occurred 

174.  offers 

175.  permits 

176.  pointed 

177.  preceded 

178.  predicted 

179.  present 

180.  presented 

181.  presents 

182.  presents 

183.  propose 

184.  proposed 

185.  provide 

186.  provides 

187.  pruning 

188.  recognize 

189.  reduces 

190.  related 

191.  require 

192.  required 

193.  resorts 

194.  result 

195.  retrain 

196.  retrieved 

197.  return 

198.  selected 

199.  sends 

200.  separated 

201.  showed 

202.  shown 

203.  sought 

204.  specified 

205.  studied 

206.  study 

207.  submitted 

208.  Subsequently 

209.  suggested 

210.  suitable 

211.  sum 

212.  supports 

213.  surveyed 

214.  take  

215.  takes into account 

216.  targeted 

217.  touched 

218.  train 

219.  translated 

220.  transmitted 

221.  treat 

222.  tries 

223.  use 

224.  used 

225.  uses 

226.  using 

227.  usually 

228.  utilize 

229.  utilizes 

230.  viewed 

 

Outcome Terms and Phrases 

(OCT) 

 

1.  achieved 

2.  develop 

3.  developed 

4.  found 

5.  report 

6.  show 

 

Strength Terms and Phrases 

(STH) 

 

1.  aids 

2.  better performance 

3.  effectively 

4.  great impact 

5.  guarantees 

6.  improve 

7.  improves 

8.  outperform 

9.  overcoming 

 

Shortcoming Terms (SCT) 

 

1.  although 

2.  but   

3.  But 

4.  but do not 

5.  cannot 

6.  challenging 

7.  decrease 

8.  Despite 

9.  did not know 

10.  differ  

11.  differed 

12.  difference 

13.  differences 

14.  difficult 

15.  discrepancy 

16.  do not 

17.  does not 

18.  does not take 

19.  except 

20.  fail to 

21.  How 

22.  However 

23.  indentified 

24.  less 

25.  limitations 

26.  limited 

27.  little support 

28.  main problem 

29.  misfit 

30.  need to be solved 

31.  Nevertheless 

32.  not  

33.  not taken into account 

34.  Notwithstanding 

35.  otherwise 
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36.  problem 

37.  reasonable assumption 

38.  represented 

39.  seldom 

40.  shortcoming 

41.  So more or less 

42.  There is still 

43.  Unfortunately 

44.  Unlike 

 

Subjective Pronoun Terms 

and Phrases (SPN) 

 

1.  An 

2.  He 

3.  Here 

4.  In 

5.  In 

6.  in [x] 

7.  It 

8.  Its 

9.  She 

10.  the authors 

11.  The authors 

12.  Their 

13.  Then 

14.  Then 

15.  There 

16.  These 

17.  these 

18.  They 

19.  This 

20.  Those authors 

 

 

 

 

Words of Stress (WOS) 

 

1.  Additionally 

2.  Consequently 

3.  For this purpose 

4.  Furthermore 

5.  Hence 

6.  In addition 

7.  More precisely 

8.  Moreover 

9.  Therefore 

10.  Thus 

 

Alternate Approach Terms 

and Phrases (AAT) 

 

1.  alternatives 

2.  Another approach 

3.  different 

4.  If 

5.  If - then 

6.  may also be 

7.  may be 

8.  may even 

 

Results Terms and Phrases 

(RES) 

 

1.  a new 

2.  first proposed 

3.  In this paper 

4.  our 

5.  Our 

6.  our work 

7.  Our work 

8.  The paper 

9.  This paper 

10.  we 

11.  we also show 

12.  we show 

13.  we will show 

 

Contrasting Terms and 

Phrases (CON) 

 

1.  Different from the 

previous work 

2.  differs from that of 

3.  In contrast 
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Appendix 2-2 

 

Terms and Phrases Identified in Training Dataset of 20 Articles 

(for sentences in the full text of the article) 

 

 

Comparison Terms and 

Phrases 

 

1.  [ compare 

2.  [ compared the 

3.  a comparison of 

4.  can be compared 

5.  compare their 

6.  compares the results 

7.  has been compared 

8.  if compared to 

9.  in contrast to 

10.  we compare 

 

Connecting Terms and 

Phrases 

 

1.  According to 

2.  According to these 

3.  As a consequence 

4.  As a result 

5.  Conversely 

6.  Currently 

7.  Finally 

8.  Finally 

9.  Focusing 

10.  For each 

11.  For example 

12.  For simplicity 

13.  For these reasons 

14.  For this purpose 

15.  For this reason 

16.  Furthermore 

17.  He 

18.  Hence 

19.  Here 

20.  In addition 

21.  In fact 

22.  In order for 

23.  In order to 

24.  In particular 

25.  In this case 

26.  In this context 

27.  Indeed 

28.  It assumes 

29.  It depends 

30.  It shows 

31.  Its performance 

32.  Moreover 

33.  Namely 

34.  On the other hand 

35.  Otherwise 

36.  Specifically 

37.  Such an approach 

38.  The approach 

39.  The author 

40.  Then 

41.  Then 

42.  There 

43.  Therefore 

44.  these 

45.  These 

46.  They 

47.  they 

48.  This 

49.  this 

50.  Thus 

51.  we attempt 

 

Extending Terms and Phrases 

 

1.  As in previous work 

2.  builds on previous 

work 

3.  Similar to existing 

4.  similar to that in 

 

 

Future Work Terms and 

Phrases 

 

1.  We also consider 

adding 

2.  Also, further studies 

3.  appears worth 

investigating 

4.  can be further 

5.  could also be of 

interest 

6.  further studies can 

7.  Further studies can be 

done 

8.  future work 

9.  In the future 

10.  Investigating it 

11.  is also required 

12.  It will be interesting to 

look into 

13.  lot of work is required 

14.  near future 

15.  need to be addressed 

16.  opens research 

directions 

17.  remain open 

nonetheless 

18.  still has to be more 

thoroughly 

19.  still has to be more 

thoroughly 

20.  that can be added 

21.  We also consider 

adding 

22.  We also intend to 

23.  we can add 

24.  we can extract 

25.  We can use 

26.  We need to implement 

27.  We plan to 

28.  we plan to extend 

29.  We plan to incorporate 

30.  we will try to perform 

31.  we would like to 

evaluate 

32.  we would like to 

evaluate 

33.  we would like to 

evaluate 

34.  will be investigated 

 

Identifier Terms and Features 
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1.  [ shows that 

2.  according to 

3.  addressed by 

4.  as shown in 

5.  As shown in 

6.  as stated by 

7.  demonstrate 

8.  found that 

9.  have shown that 

10.  identify 

11.  indicated that 

12.  investigated by 

13.  Investigations by 

14.  similar to the 

observations in 

15.  similarly shows 

 

Methodology Terms and 

Phrases MET 

 

1.  are built by 

2.  are extracted 

3.  asked to fill in a 

questionnaire 

4.  based on 

5.  collection was used 

6.  corpus is composed of 

7.  corpus study is 

presented in 

8.  corpus was extracted 

9.  documents used 

10.  following the approach 

of 

11.  following the specified 

schema 

12.  for selecting 

13.  gathered from 

14.  has been used 

15.  in this experiment 

16.  is employed 

17.  is obtained from 

18.  is then used 

19.  labeled 

20.  labelled 

21.  manually 

22.  manually divided 

23.  Our experiment uses 

24.  Our experiments 

25.  Our implementation 

26.  pre-defined as in 

27.  randomly divided 

28.  used a tool 

29.  used for our 

experiment 

30.  was obtained by 

31.  we adopt 

32.  we adopted 

33.  we also make use 

34.  We also use 

35.  We also want to find 

out 

36.  we analyse 

37.  we assume 

38.  we build 

39.  we calculated 

40.  we calculated 

41.  we compare our 

42.  we compared 

43.  we consider 

44.  We consider 

45.  we constructed 

46.  we created 

47.  we decoded 

48.  we defined 

49.  we devise 

50.  we evaluate 

51.  We evaluate 

52.  we evaluate 

53.  We experiment 

54.  we extend 

55.  we extract 

56.  we focused 

57.  We further looked into 

58.  We have tested 

59.  we implemented 

60.  We incrementally 

expanded 

61.  We incrementally 

expanded 

62.  We investigate 

63.  We learn 

64.  We manually 

65.  we measure 

66.  we obtained 

67.  We randomly choose 

68.  we select 

69.  we sorted 

70.  we tackled 

71.  we use 

72.  We use 

73.  We used 

74.  we used 

75.  we used 

76.  We weight 

77.  were asked to add 

78.  were found 

79.  were implemented 

80.  were obtained 

81.  were put together 

82.  were selected 

83.  were used 

84.  which only removes 

85.  which removes 

86.  which removes 

prefixes 

87.  which simply removes 

 

Overcoming Gap Terms and 

Phrases OGT 

 

1.  achieves better results 

2.  aims to support 

3.  Another possible 

solution 

4.  are useful 

5.  by overcoming its 

6.  can be superior 

7.  could be enhanced 

8.  essentially benefit 

9.  favourable properties 

10.  has better performance 

11.  has better potential 

12.  In order to solve this 

problem 

13.  is much higher than 

14.  outperformed 

15.  outperforms 

16.  proved to be a 

promising 

17.  requiring dramatically 

lower encoding 

18.  Since it was hard 

19.  This motivates to 

propose 

20.  to achieve an improved 

21.  To reduce the burden 

22.  was already assessed 

23.  we can get rid of 

 

Result Terms and Phrases 

RES 

 

1.  According to our 

experimental results 

2.  advantage of our 

3.  advantage of our 

method 

4.  As presented 

5.  contribution of this 

paper 

6.  Experimental results 

show 
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7.  experiments show that 

8.  goal of our present 

study 

9.  In our case 

10.  In this paper 

11.  in this paper 

12.  In this work 

13.  Our aim 

14.  our algorithm 

15.  Our analysis 

demonstrated 

16.  Our approach 

17.  Our conclusion 

18.  our core algorithm 

19.  our experimental 

results 

20.  Our FACT 

21.  our model 

22.  our results indicate 

23.  Our simulation results 

24.  Our study shows 

25.  Our work 

26.  parallel with our work 

27.  purpose of this paper 

28.  The goal of this study 

29.  The proposed idea 

30.  This paper aims 

31.  This paper discussed 

32.  This paper evaluates 

33.  this paper focuses 

34.  This paper makes 

35.  this paper presents 

36.  This paper presents 

37.  This paper proposes 

38.  we achieved 

39.  We also extend 

40.  we also implement 

41.  We also investigated 

42.  We also presented 

43.  we also show 

44.  We also show 

45.  We described 

46.  We discover 

47.  we discover 

48.  we discuss 

49.  We enhanced 

50.  we explicitly examine 

51.  we exploit 

52.  We first identify 

53.  we found 

54.  We have built 

55.  we have demonstrated 

56.  We have implemented 

57.  we have presented 

58.  We have presented 

59.  we have proposed 

60.  we have shown 

61.  We implemented 

62.  We introduce 

63.  We introduced 

64.  We model 

65.  We note that 

66.  We obtained 

67.  we prefer to present 

68.  we presented 

69.  We propose 

70.  we report 

71.  we see 

72.  we show 

73.  we studied 

74.  We summarize 

75.  we summarize 

76.  We then identify 

77.  we will elaborate 

78.  we will present 

79.  we will show 

80.  With our 

implementation 

 

Shortcoming Terms and 

Phrases 

 

1.  affected by 

2.  Although 

3.  although 

4.  are not studied 

5.  as low as 

6.  biased random walks 

7.  but do not 

8.  cannot be decomposed 

9.  cannot be used 

10.  cannot distinguish 

11.  cause instability 

12.  challenges 

13.  considerable effort is 

required 

14.  contains only 

15.  contains only 

16.  decrease in precision 

17.  Despite 

18.  did not compare 

19.  did not evaluate 

20.  did not outperform 

21.  difficulty 

22.  do not consider 

23.  do not count 

24.  do not have 

25.  do not share 

26.  do not transfer 

27.  do not work well 

28.  does not consider 

29.  does not filter 

30.  does not have 

31.  does not increase the 

accuracy 

32.  does not perform 

33.  does not permit 

34.  does not possess 

35.  does not reflect 

36.  does not test 

37.  has little influence 

38.  has not yet been done 

39.  have a limitation 

40.  have little or no 

correspondence 

41.  highly asymmetrical 

42.  However 

43.  however 

44.  important limitation 

45.  inability 

46.  inconclusive 

47.  is difficult 

48.  is not available 

49.  it is difficult to find 

50.  largely useless 

51.  larger number of test 

queries 

52.  limited to certain 

53.  main drawback 

54.  major concern 

55.  may be difficult 

56.  may not be appropriate 

57.  may not meet 

58.  meaningless 

59.  Nevertheless 

60.  no integrated solution 

61.  no relationship 

62.  none of them assesses 

63.  Nonetheless,| 

64.  not assist 

65.  not concerned 

66.  not found use 

67.  not the complement 

68.  Notwithstanding 

69.  obtains no 

70.  perform poorly 

71.  performance suffers 

72.  poor overall 

performance 

73.  poor performance 

74.  prevents the use of 

75.  problem| 
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76.  rather simple ways of 

77.  rather than simply 

follow 

78.  scalability problems 

79.  seriously threatened 

80.  significantly affect 

81.  So more or less 

82.  they are mostly 

focused 

83.  they cannot 

84.  they do not 

85.  they don't 

86.  They only 

87.  too slow 

88.  unable to model 

89.  unclear 

90.  unstable behavior 

91.  will differ from 

92.  would be difficult 
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Appendix 2-3 

 

Terms and Phrases Identified in Training Dataset of 70 Articles 

(for sentences in the full text of the article) 

 

 

Comparison Terms and 

Phrases 

 

1.  a comparison of 

2.  can be compared 

3.  compare 

4.  compare 

5.  compare their 

6.  compared the 

7.  compares the results 

8.  comparison 

9.  has been compared 

10.  if compared to 

11.  in contrast to 

12.  we compare 

 

Connecting Terms and 

Phrases 

 

1.  According to 

2.  As a result 

3.  Conversely 

4.  Currently 

5.  Finally 

6.  For example 

7.  For simplicity 

8.  He 

9.  Here 

10.  In fact 

11.  In order for 

12.  In this case 

13.  Indeed 

14.  It aims at 

15.  It assumes 

16.  It shows 

17.  Namely 

18.  Recently 

19.  She 

20.  Such an approach 

21.  The approach 

22.  The author 

23.  The authors 

24.  these 

25.  These 

26.  They 

27.  they 

28.  This 

29.  this 

 

Extending Terms and Phrases 

 

1.  As in previous work 

2.  builds on previous work 

3.  Similar to existing 

4.  similar to that in 

 

Future Work Terms and 

Phrases 

 

1.  Also, further studies 

2.  appears worth 

investigating 

3.  can be further 

4.  could also be of interest 

5.  forthcoming works 

6.  Further experimentation 

7.  further studies can 

8.  Further studies can be 

done 

9.  future research 

10.  future work 

11.  In our future 

12.  In the future 

13.  Investigating it 

14.  is also required 

15.  is of interest 

16.  It will be interesting to 

look into 

17.  lot of work is required 

18.  near future 

19.  need to be addressed 

20.  opens research 

directions 

21.  remain open 

nonetheless 

22.  still has to be more 

thoroughly 

23.  that can be added 

24.  The next step 

25.  We also consider 

adding 

26.  We also intend to 

27.  We also plan to 

28.  we are currently 

extending our model 

29.  We are currently 

working on 

30.  we can add 

31.  we can extract 

32.  We can use 

33.  We need to implement 

34.  We plan to 

35.  we plan to 

36.  We will 

37.  we will 

38.  we would like to  

39.  will be investigated 

 

Identifier Terms and Phrases 

 

1.  ] shows that 

2.  according to 

3.  According to 

4.  address 

5.  addressed by 

6.  aims to 

7.  as in [ 

8.  as shown in 

9.  As shown in 

10.  as stated by 

11.  concluded 

12.  demonstrate 

13.  discussed 

14.  evidenced by 

15.  expressed 

16.  focus on 

17.  found by 

18.  found that 

19.  has demonstrated 

20.  has shown that 

21.  have shown that 

22.  identify 
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23.  indicated that 

24.  investigated by 

25.  Investigations by 

26.  presented in 

27.  propose 

28.  provided in [ 

29.  reported in 

30.  show that 

31.  showed that 

32.  similar to the 

observations in 

33.  similarly shows 

34.  such as [ 

35.  tackled by 

 

Issue Terms and Phrases 

 

1.  accordingly 

2.  alternate way 

3.  and so 

4.  As a consequence 

5.  Because 

6.  because 

7.  can 

8.  cause 

9.  caused 

10.  causes 

11.  causing 

12.  consequently 

13.  Focusing 

14.  For these reasons 

15.  for these reasons 

16.  For this purpose 

17.  For this reason 

18.  for this reason 

19.  forasmuch as 

20.  Furthermore 

21.  Hence 

22.  hence 

23.  If 

24.  In addition 

25.  in as much as 

26.  In order to 

27.  in order to 

28.  in that event 

29.  In this context 

30.  It depends 

31.  may also be 

32.  may be 

33.  Moreover 

34.  on account of 

35.  on the grounds 

36.  On the other hand 

37.  rather than 

38.  significant 

39.  significantly 

40.  Since 

41.  since 

42.  so 

43.  so as to 

44.  Specifically 

45.  then 

46.  thence 

47.  Therefore 

48.  there from 

49.  thereupon 

50.  Thus 

51.  thus 

52.  to that end 

53.  whence 

54.  wherefore 

 

Methodology Terms and 

Phrases (MET) 

 

1.  are built by 

2.  are extracted 

3.  asked to fill in a 

questionnaire 

4.  based on 

5.  collection was used 

6.  corpus is composed of 

7.  corpus study is 

presented in 

8.  corpus was extracted 

9.  documents used 

10.  experiments build upon 

11.  following the approach 

of 

12.  following the specified 

schema 

13.  for selecting 

14.  gathered from 

15.  has been used 

16.  in this experiment 

17.  is employed 

18.  is obtained from 

19.  is then used 

20.  labeled 

21.  labelled 

22.  manually 

23.  manually divided 

24.  Our experiment 

25.  Our experiments 

26.  Our implementation 

27.  pre-defined as in 

28.  randomly divided 

29.  used a tool 

30.  used for our experiment 

31.  was obtained by 

32.  we adopt 

33.  we adopted 

34.  we also make use 

35.  We also use 

36.  We also want to find 

out 

37.  we analyze 

38.  we assume 

39.  we build 

40.  we calculated 

41.  We calculated 

42.  we compare our 

43.  we compared 

44.  we consider 

45.  We consider 

46.  we constructed 

47.  we created 

48.  we decoded 

49.  we defined 

50.  we devise 

51.  we evaluate 

52.  We evaluate 

53.  We experiment 

54.  we extend 

55.  we extract 

56.  we focused 

57.  We further looked into 

58.  We have chosen 

59.  We have tested 

60.  we implemented 

61.  We incrementally 

expanded 

62.  We incrementally 

expanded 

63.  We investigate 

64.  We learn 

65.  We manually 

66.  we measure 

67.  we obtained 

68.  We randomly choose 

69.  we select 

70.  we sorted 

71.  we tackled 

72.  we use 

73.  We use 

74.  We used 

75.  we used 

76.  We weight 

77.  were asked 

78.  were found 

79.  were implemented 

80.  were obtained 
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81.  were put together 

82.  were selected 

83.  were used 

84.  which only removes 

85.  which removes 

86.  which simply  

 

Overcoming Gap Terms and 

Phrases (OGT) 

 

1.  achieves 

2.  addressed 

3.  aims to support 

4.  Another possible 

solution 

5.  are useful 

6.  as was already assessed 

in 

7.  avoid this problem 

8.  by overcoming its 

9.  can be expressed 

10.  can be superior 

11.  circumvent 

12.  could be enhanced 

13.  ease 

14.  enhance 

15.  ensure 

16.  essentially benefit 

17.  favourable properties 

18.  good scalability 

19.  handling 

20.  has better performance 

21.  has better potential 

22.  improvements 

23.  improves 

24.  In order to solve this 

problem 

25.  is much higher than 

26.  manage 

27.  new ways to 

28.  outperformed 

29.  outperforms 

30.  overcome 

31.  overcome the 

difficulties 

32.  overcome this 

33.  proved effective 

34.  proved to be a 

promising 

35.  provide 

36.  reduce the 

37.  repaired 

38.  requiring dramatically 

lower encoding 

39.  resolve 

40.  Since it was hard 

41.  solution 

42.  solutions 

43.  solve the problem 

44.  solved apparently 

45.  solves the problem 

46.  This motivates to 

propose 

47.  to achieve an improved 

48.  To reduce the burden 

49.  was already assessed 

50.  we can get rid of 

51.  without error 

 

Result Terms and Phrases 

(RES) 

 

1.  According to our 

experimental results 

2.  advantage of our 

3.  aim of our current work 

4.  As presented 

5.  contribution of this  

6.  Experimental results 

show 

7.  experiments show that 

8.  goal of our present 

study 

9.  In our case 

10.  in the future 

11.  In this document 

12.  In this paper 

13.  in this paper 

14.  In this work 

15.  Our 

16.  Our aim 

17.  our algorithm 

18.  our core algorithm 

19.  our experimental results 

20.  our model 

21.  our results indicate 

22.  our system 

23.  parallel with our work 

24.  purpose of this paper 

25.  research presented here 

26.  The focus of this work 

27.  The goal of this study 

28.  The main contributions 

of this paper 

29.  The paper presents 

30.  The presented algorithm 

31.  The proposed idea 

32.  this case study 

33.  This document 

34.  This paper 

35.  this paper 

36.  This work 

37.  this work 

38.  we achieved 

39.  we address here 

40.  We aim to provide 

41.  We also extend 

42.  we also implement 

43.  We also 

44.  we also 

45.  We believe 

46.  we believe 

47.  We characterize 

48.  we characterize 

49.  We demonstrated 

50.  we demonstrated 

51.  We described 

52.  we developed 

53.  We developed 

54.  We discover 

55.  we discover 

56.  we discuss 

57.  we do not consider 

58.  We enhanced 

59.  we explicitly examine 

60.  we exploit 

61.  We first identify 

62.  we found 

63.  We have built 

64.  we have created 

65.  we have demonstrated 

66.  we have found that 

67.  We have implemented 

68.  we have presented 

69.  We have presented 

70.  we have proposed 

71.  We have provided 

72.  we have shown 

73.  We have summarized 

74.  We implemented 

75.  We introduce 

76.  We introduced 

77.  We model 

78.  We note that 

79.  We obtained 

80.  we prefer to present 

81.  we present 

82.  we presented 

83.  We propose 

84.  we provide 

85.  we report 
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86.  we see 

87.  we set up 

88.  we show 

89.  we sketch 

90.  we studied 

91.  We summarize 

92.  we summarize 

93.  We suspect that 

94.  We then identify 

95.  We will 

96.  we will 

97.  With our 

implementation 

 

Shortcoming Terms and 

Phrases 

 

1.  A limitation in 

2.  a lot remains to be 

explored 

3.  a slower uptake 

4.  absence of 

5.  address this challenge 

6.  adoption has been slow 

7.  affect 

8.  affected by 

9.  Although 

10.  although 

11.  an unnecessary loss of 

precision 

12.  are limited 

13.  are not expressible 

14.  are not studied 

15.  are not the most 

comprehensive 

16.  are not well supported 

17.  are so hard to 

18.  are still missing 

19.  as low as 

20.  barrier 

21.  becoming more and more 

complex 

22.  biased random walks 

23.  But 

24.  But despite this 

25.  but do not 

26.  but do not al1ow 

27.  but lacks 

28.  but not 

29.  but still aim at 

30.  but unsound 

31.  By contrast 

32.  can hardly be 

33.  cannot be crawled 

34.  cannot be decomposed 

35.  cannot be used 

36.  cannot distinguish 

37.  cannot perform 

38.  cause instability 

39.  challenge 

40.  challenges 

41.  clearly fail 

42.  Common pitfalls 

43.  complex 

44.  complexities 

45.  complexity 

46.  confusion 

47.  considerable effort is 

required 

48.  contain overlapping 

49.  contains only 

50.  contradict 

51.  could not assess 

52.  could not be 

53.  critical aspect 

54.  currently slowed down 

55.  currently still lacking 

56.  decrease in precision 

57.  Despite 

58.  did not allow 

59.  did not compare 

60.  did not cover 

61.  did not evaluate 

62.  did not outperform 

63.  did not propose 

64.  did not provide 

65.  difficult to implement 

66.  difficulty 

67.  disadvantages 

68.  do not address 

69.  do not capture 

70.  do not consider 

71.  do not count 

72.  do not directly address 

73.  do not directly address 

74.  do not do this 

75.  do not even define 

76.  do not exist 

77.  do not fit 

78.  do not have 

79.  do not impose 

80.  do not know 

81.  do not provide 

82.  do not represent 

83.  do not share 

84.  do not support 

85.  do not transfer 

86.  do not work well 

87.  does not consider 

88.  does not deal with 

89.  does not evaluate 

90.  does not filter 

91.  does not have 

92.  does not impose 

93.  does not increase the 

accuracy 

94.  does not perform 

95.  does not permit 

96.  does not possess 

97.  does not provide 

98.  does not reflect 

99.  does not support 

100.  does not test 

101.  drawbacks 

102.  Due to uncertainty 

103.  efficiency is lost 

104.  emerging slowly 

105.  error 

106.  errors 

107.  Even though 

108.  expensive 

109.  hard to find 

110.  hard to predict 

111.  has little influence 

112.  has not been considered so 

far 

113.  has not been developed 

114.  has not yet been 

115.  have a limitation 

116.  have little or no 

correspondence 

117.  have not been addressed 

118.  highly asymmetrical 

119.  However 

120.  however 

121.  human work has been 

necessary 

122.  important limitation 

123.  imposed new 

requirements 

124.  in an embryonic stage 

125.  In contrast 

126.  In spite of 

127.  inability 

128.  inaccurate results 

129.  inappropriate 

130.  inconclusive 

131.  inconsistencies 

132.  inconsistency 

133.  inherent problems 

134.  instead of being just 

135.  is a difficult task 
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136.  is a major issue 

137.  is difficult 

138.  is low 

139.  is much too weak 

140.  is not always guaranteed 

141.  is not available 

142.  is not clearly justified 

143.  is not evaluated 

144.  is poor 

145.  is still an 

146.  is still in an early stage 

147.  is weaker in measuring 

148.  it does not 

149.  It fails to 

150.  it is difficult to find 

151.  It is not clear though 

152.  it is not possible 

153.  it is not sufficient 

154.  It is still too complex 

155.  it is very hard 

156.  it may be more difficult 

157.  it tends to be fragile 

158.  key challenge 

159.  known to be incomplete 

160.  labor-intensive 

161.  lack necessary 

162.  lack of clear 

163.  lack of standards 

164.  lack of tool support 

165.  largely unexplored 

166.  largely unexplored 

167.  largely useless 

168.  larger number of test 

queries 

169.  less developed 

170.  less formally grounded 

171.  limitation 

172.  Limitations 

173.  limitations 

174.  limited 

175.  limited to certain 

176.  limits the 

177.  little has been done 

178.  little research 

179.  little work 

180.  loss of information 

181.  main criticisms 

182.  main drawback 

183.  major concern 

184.  makes it difficult 

185.  makes it difficult to 

understand 

186.  Malicious 

187.  may be difficult 

188.  may not be appropriate 

189.  may not meet 

190.  meaningless 

191.  misleading impact 

192.  missing 

193.  missing in their approach 

194.  more obscure 

195.  most difficult tasks 

196.  must be addressed 

197.  need for 

198.  needs to be addressed 

199.  negative aspects 

200.  neglecting 

201.  Nevertheless 

202.  no clear 

203.  no comprehensive 

204.  no integrated solution 

205.  no practical 

206.  no relationship 

207.  No systematic evaluation 

208.  no testing of the method 

209.  none of the 

210.  none of the afore-

mentioned proposal has 

discussed 

211.  None of the existing 

212.  none of them 

213.  none of these 

214.  Nonetheless, 

215.  not a single approach has 

been 

216.  not able to 

217.  not an appropriate 

218.  not as helpful 

219.  not assist 

220.  not backward compatible 

221.  not concerned 

222.  not enough focus 

223.  not found use 

224.  not only 

225.  not only very costly 

226.  not the complement 

227.  not yet addressed 

228.  not yet been exploited 

229.  Notwithstanding 

230.  obtains no 

231.  obvious difficulties 

232.  often difficult 

233.  often large and complex 

234.  One of the difficulties 

235.  only address 

236.  only addressed 

237.  only provide 

238.  only support 

239.  only use 

240.  partially answered 

241.  perform poorly 

242.  performance suffers 

243.  poor overall performance 

244.  poor performance 

245.  potential sources 

246.  practical disadvantage 

247.  presented a hurdle 

248.  prevents the use of 

249.  problem 

250.  Problems 

251.  provide only 

252.  rather complex 

253.  rather simple ways of 

254.  rather than 

255.  rather than simply follow 

256.  redundancies 

257.  remain unanswered 

258.  remains unresolved 

259.  requires additional 

functionalty 

260.  scalability issues 

261.  scalability problems 

262.  serious obstacle 

263.  serious problem 

264.  seriously threatened 

265.  shares some of the 

drawbacks 

266.  shortcoming 

267.  should not be modelled 

268.  significant disagreement 

269.  significant flaw 

270.  significantly affect 

271.  significantly slows down 

272.  So more or less 

273.  still at an early stage 

274.  still needs to 

275.  substantial restriction 

276.  substantial problem 

277.  substantially harder than 

278.  that cannot adapt 

279.  The main question then 

280.  the same drawbacks 

281.  there are difficulties 

282.  there are no other works 

283.  there is a need for 

284.  there is currently no 

285.  there is hardly any method 

286.  there is no 

287.  there is no former 

approach 

288.  There is no support 

289.  There is not much work 
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290.  they also fall short of 

291.  they are mostly focused 

292.  they are not 

293.  they cannot 

294.  they do not 

295.  they don't 

296.  They only 

297.  they suffer from 

298.  Things are even more 

difficult 

299.  this approach lacks 

300.  This is impossible 

301.  This is made worse as 

302.  time-consuming 

303.  too complex 

304.  too slow 

305.  unable to model 

306.  unaware of 

307.  Uncertainty reasoning 

308.  Unclear 

309.  Unfortunately 

310.  Unfortunately 

311.  unresolved issues 

312.  unsolved problem 

313.  unstable behavior 

314.  very costly 

315.  was criticized 

316.  weakly 

317.  will differ from 

318.  without addressing 

319.  would be difficult 
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Appendix 2-4 

 

Terms and Phrases Identified using Thesaurus 

(for sentences in the full text of the article) 
 

 

Comparison Terms and phrases 

 

1.  a comparison of 

2.  can be compared 

3.  compare 

4.  compare 

5.  compare their 

6.  compared the 

7.  compares the results 

8.  comparison 

9.  has been compared 

10.  if compared to 

11.  in contrast to 

12.  we compare 

 

Connecting Terms and 

Phrases 

 

1.  according to 

2.  aforementioned 

3.  already stated 

4.  as reported by 

5.  as stated in 

6.  at present 

7.  by way of explanation 

8.  conforming to 

9.  Conversely 

10.  Currently 

11.  currently 

12.  directly 

13.  especially 

14.  expressly 

15.  Finally 

16.  For example 

17.  For simplicity 

18.  forthwith 

19.  He 

20.  Here 

21.  here 

22.  i\.e\. 

23.  id est 

24.  in agreement with 

25.  in consonance with 

26.  In fact 

27.  in keeping with 

28.  in line with 

29.  In order for 

30.  in other words 

31.  in plain English 

32.  In this case 

33.  Indeed 

34.  It 

35.  just as 

36.  Namely 

37.  namely 

38.  particularly 

39.  presently 

40.  previously mentioned 

41.  pronto 

42.  pursuant to 

43.  Recently 

44.  right away 

45.  right now 

46.  scilicet 

47.  She 

48.  specially 

49.  specifically 

50.  straightaway 

51.  strictly speaking 

52.  Such an approach 

53.  the above-mentioned 

54.  The approach 

55.  The author 

56.  The authors 

57.  the indicated 

58.  the particular 

59.  the present 

60.  These 

61.  these 

62.  They 

63.  they 

64.  This 

65.  this 

66.  those 

67.  to the degree that 

68.  viz. 

 

Extending Terms and Phrases 

 

1.  As in previous work 

2.  builds on previous 

work 

3.  Similar to existing 

4.  similar to that in 

 

Future Work Terms and 

Phrases 

 

1.  Also, further studies 

2.  appears worth 

investigating 

3.  can be further 

4.  could also be of 

interest 

5.  forthcoming works 

6.  Further 

experimentation 

7.  further studies can 

8.  Further studies can be 

done 

9.  future research 

10.  future work 

11.  In our future 

12.  In the future 

13.  Investigating it 

14.  is also required 

15.  It will be interesting to 

look into 

16.  lot of work is required 

17.  near future 

18.  need to be addressed 

19.  opens research 

directions 

20.  remain open 

nonetheless 

21.  still has to be more 

thoroughly 

22.  still has to be more 

thoroughly 

23.  that can be added 

24.  The next step 

25.  We also consider 

adding 

26.  We also consider 
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adding 

27.  We also intend to 

28.  We also plan to 

29.  we are currently 

extending our model 

30.  We are currently 

working on 

31.  we can add 

32.  we can extract 

33.  We can use 

34.  We need to implement 

35.  We plan to 

36.  we plan to 

37.  we plan to extend 

38.  We plan to incorporate 

39.  we plan to study 

40.  We will build 

41.  we will develop 

42.  We will investigate 

43.  we will research 

44.  we will start 

45.  we will try to perform 

46.  we would like to 

evaluate 

47.  we would like to 

evaluate 

48.  we would like to 

evaluate 

49.  will be investigated 

 

Identifier Terms and Phrases 

 

1.  According to 

2.  according to 

3.  add up to 

4.  address 

5.  addressed 

6.  addressed by 

7.  addressing 

8.  afford 

9.  afforded 

10.  affording 

11.  affords 

12.  aims to 

13.  altercate 

14.  altercated 

15.  analyse 

16.  analysed 

17.  analyses 

18.  analysing 

19.  analyze 

20.  analyzed 

21.  analyzes 

22.  analyzing 

23.  announce 

24.  announced 

25.  announces 

26.  announcing 

27.  appeal 

28.  appealed 

29.  appealing 

30.  appeals 

31.  appear 

32.  appeared 

33.  appearing 

34.  appears 

35.  appraise 

36.  appraised 

37.  appraises 

38.  appraising 

39.  apprise 

40.  apprised 

41.  apprises 

42.  apprising 

43.  argue 

44.  argued 

45.  argues 

46.  arguing 

47.  arrive 

48.  arrived 

49.  arrives 

50.  arriving 

51.  as in [ 

52.  As shown in 

53.  as shown in 

54.  as stated by 

55.  assay 

56.  assert 

57.  asserted 

58.  asserting 

59.  asserts 

60.  assess 

61.  assessed 

62.  assesses 

63.  assessing 

64.  attest 

65.  attested 

66.  attesting 

67.  attests 

68.  augur 

69.  augured 

70.  augurs 

71.  authenticate 

72.  authenticated 

73.  authenticates 

74.  authenticating 

75.  beam 

76.  behold 

77.  bring to light 

78.  brings to light 

79.  came up with 

80.  catalog 

81.  catalogs 

82.  catalogue 

83.  catalogues 

84.  catch 

85.  catched 

86.  catches 

87.  catching 

88.  check 

89.  checks 

90.  claim 

91.  claimed 

92.  claiming 

93.  claims 

94.  clarify 

95.  classified 

96.  classifies 

97.  classify 

98.  classifying 

99.  conclude 

100.  concluded 

101.  concludes 

102.  concluding 

103.  conclusive 

104.  confabulate 

105.  confabulated 

106.  confabulates 

107.  confabulating 

108.  confer 

109.  conferred 

110.  conferring 

111.  conferrs 

112.  connote 

113.  connotes 

114.  consider 

115.  considered 

116.  considering 

117.  considers 

118.  consult 

119.  consulted 

120.  consulting 

121.  consults 

122.  contemplate 

123.  contemplated 

124.  contemplates 

125.  contemplating 

126.  contend 

127.  contended 

128.  contending 
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129.  contends 

130.  contest 

131.  contested 

132.  contesting 

133.  contests 

134.  controvert 

135.  controverted 

136.  controverting 

137.  controverts 

138.  deal in 

139.  deals with 

140.  dealt with 

141.  debate 

142.  debated 

143.  debates 

144.  debating 

145.  defend 

146.  defended 

147.  defending 

148.  defends 

149.  deliberate 

150.  deliberated 

151.  deliberates 

152.  deliberating 

153.  delve 

154.  delved 

155.  delves 

156.  delving 

157.  demonstrate 

158.  demonstrated 

159.  demonstrates 

160.  demonstrating 

161.  denote 

162.  denoted 

163.  denotes 

164.  denoting 

165.  descant 

166.  describe 

167.  described 

168.  describes 

169.  describing 

170.  descry 

171.  designate 

172.  designated 

173.  designates 

174.  designating 

175.  detect 

176.  detected 

177.  detecting 

178.  detects 

179.  determinate 

180.  determine 

181.  determined 

182.  determines 

183.  determining 

184.  diagnose 

185.  diagnosed 

186.  diagnoses 

187.  diagnosing 

188.  diagnosticate 

189.  dig 

190.  discept 

191.  discern 

192.  discerned 

193.  discerning 

194.  discerns 

195.  disclose 

196.  disclosed 

197.  discloses 

198.  disclosing 

199.  discourse about 

200.  discover 

201.  discovered 

202.  discovering 

203.  discovers 

204.  discuss 

205.  discussed 

206.  discusses 

207.  discussing 

208.  display 

209.  displayed 

210.  displaying 

211.  displays 

212.  disport 

213.  disported 

214.  disporting 

215.  disports 

216.  dispute 

217.  disputed 

218.  disputes 

219.  disputing 

220.  dissert 

221.  dissertate 

222.  disserted 

223.  disserting 

224.  disserts 

225.  distinguish 

226.  distinguished 

227.  distinguishes 

228.  distinguishing 

229.  divulge 

230.  divulged 

231.  divulges 

232.  divulging 

233.  elucidate 

234.  elucidated 

235.  elucidates 

236.  elucidating 

237.  emerge 

238.  emerged 

239.  emerges 

240.  emerging 

241.  encounter 

242.  encountered 

243.  encountering 

244.  encounters 

245.  establish 

246.  established 

247.  establishes 

248.  establishing 

249.  estimate 

250.  estimated 

251.  estimates 

252.  estimating 

253.  evaluate 

254.  evaluated 

255.  evaluates 

256.  evaluating 

257.  evidence 

258.  evidenced 

259.  evidenced by 

260.  evidences 

261.  evince 

262.  examine 

263.  examined 

264.  examined 

265.  examining 

266.  exchange views on 

267.  exhibit 

268.  exhibited 

269.  exhibiting 

270.  exhibits 

271.  explain 

272.  explained 

273.  explaining 

274.  explains 

275.  explore 

276.  explored 

277.  explores 

278.  exploring 

279.  expose 

280.  exposed 

281.  exposes 

282.  exposing 

283.  express 

284.  expressed 

285.  expresses 

286.  expressing 

287.  eyeball 
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288.  fall in with 

289.  ferret out 

290.  figure 

291.  figured 

292.  figures 

293.  figuring 

294.  find 

295.  finger 

296.  flash 

297.  flaunt 

298.  flourish 

299.  focus on 

300.  found 

301.  found by 

302.  found that 

303.  frisk 

304.  has shown that 

305.  have shown that 

306.  identified 

307.  identifies 

308.  identify 

309.  identifying 

310.  illustrate 

311.  illustrated 

312.  illustrates 

313.  illustrating 

314.  implied 

315.  implies 

316.  imply 

317.  implying 

318.  import 

319.  imported 

320.  importing 

321.  imports 

322.  indicate 

323.  indicated 

324.  indicates 

325.  indicating 

326.  inquire 

327.  inquired 

328.  inquires 

329.  inquiring 

330.  inquisite 

331.  inquisited 

332.  inquisites 

333.  inquisiting 

334.  inspect 

335.  inspected 

336.  inspecting 

337.  inspects 

338.  interrogate 

339.  interrogated 

340.  interrogates 

341.  interrogating 

342.  intimate 

343.  intimated 

344.  intimates 

345.  intimating 

346.  investigate 

347.  investigated 

348.  investigates 

349.  investigating 

350.  Investigations by 

351.  justified 

352.  justifies 

353.  justify 

354.  justifying 

355.  locate 

356.  located 

357.  locates 

358.  locating 

359.  maintain 

360.  maintained 

361.  maintaining 

362.  maintains 

363.  manifest 

364.  manifested 

365.  manifesting 

366.  manifests 

367.  mark 

368.  marked 

369.  marking 

370.  marks 

371.  monitor 

372.  monitored 

373.  monitoring 

374.  monitors 

375.  note 

376.  noted 

377.  notes 

378.  notice 

379.  noticed 

380.  notices 

381.  noticing 

382.  noting 

383.  observe 

384.  observed 

385.  observes 

386.  observing 

387.  offer 

388.  offered 

389.  offering 

390.  offers 

391.  paid attention to 

392.  pays attention to 

393.  peg 

394.  pegged 

395.  perceive 

396.  perceived 

397.  perceives 

398.  perceiving 

399.  persuade 

400.  persuaded 

401.  persuades 

402.  persuading 

403.  pick 

404.  pick out 

405.  pick up on 

406.  picked 

407.  picking 

408.  picks 

409.  pin down 

410.  pinpoint 

411.  pinpointing 

412.  pinpoints 

413.  pinpoited 

414.  point 

415.  pointed 

416.  pointing 

417.  points 

418.  present 

419.  presented 

420.  presenting 

421.  presents 

422.  probe 

423.  probed 

424.  probes 

425.  probing 

426.  proclaim 

427.  proclaimed 

428.  proclaiming 

429.  proclaims 

430.  produce 

431.  produced 

432.  produces 

433.  producing 

434.  project 

435.  projected 

436.  projecting 

437.  projects 

438.  propose 

439.  proposed 

440.  proposes 

441.  proposing 

442.  prospect 

443.  prospected 

444.  prospecting 

445.  prospects 

446.  prove 
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447.  proved 

448.  proves 

449.  provided in [ 

450.  proving 

451.  qestions 

452.  question 

453.  questioned 

454.  questioning 

455.  rate 

456.  rated 

457.  rates 

458.  rating 

459.  reach 

460.  reached 

461.  reaches 

462.  reaching 

463.  reason 

464.  reasoned 

465.  reasoning 

466.  reasons 

467.  recognize 

468.  recognized 

469.  recognizes 

470.  recognizing 

471.  record 

472.  recorded 

473.  recording 

474.  records 

475.  recover 

476.  recovered 

477.  recovering 

478.  recovers 

479.  regard 

480.  regarded 

481.  regarding 

482.  regards 

483.  register 

484.  registered 

485.  registering 

486.  registers 

487.  report 

488.  reported 

489.  reported in 

490.  reporting 

491.  reports 

492.  researched 

493.  research 

494.  researches 

495.  researching 

496.  reveal 

497.  revealed 

498.  revealing 

499.  reveals 

500.  review 

501.  reviewed 

502.  reviewing 

503.  reviews 

504.  saw 

505.  scrutinize 

506.  scrutinized 

507.  scrutinizes 

508.  scrutinizing 

509.  search 

510.  searched 

511.  searches 

512.  searching 

513.  see 

514.  seeing 

515.  seen 

516.  sees 

517.  select 

518.  selected 

519.  selecting 

520.  selects 

521.  show 

522.  showcase 

523.  showcased 

524.  showcases 

525.  showcasing 

526.  showed 

527.  showing 

528.  shows 

529.  sift 

530.  sifted 

531.  sifting 

532.  sifts 

533.  sighting 

534.  sight 

535.  sighted 

536.  sights 

537.  sign 

538.  signal 

539.  signalled 

540.  signals 

541.  signs 

542.  similar to the 

observations in 

543.  similarly shows 

544.  smoke out 

545.  specified 

546.  specifies 

547.  specify 

548.  specifying 

549.  spied 

550.  spies 

551.  sport 

552.  sported 

553.  sporting 

554.  sports 

555.  spot 

556.  spoting 

557.  spots 

558.  spotted 

559.  spread 

560.  spreading 

561.  spreads 

562.  spy 

563.  spying 

564.  stage 

565.  staged 

566.  stages 

567.  staging 

568.  stake 

569.  staked 

570.  stakes 

571.  staking 

572.  streak 

573.  streaked 

574.  streaking 

575.  streaks 

576.  strike 

577.  striked 

578.  strikes 

579.  striking 

580.  studied 

581.  studies 

582.  study 

583.  studying 

584.  stumble 

585.  stumbled 

586.  stumbles 

587.  stumbling 

588.  submit 

589.  submits 

590.  submitted 

591.  submitting 

592.  such as [ 

593.  suggest 

594.  suggested 

595.  suggesting 

596.  suggests 

597.  supplied 

598.  supplied 

599.  supplies 

600.  supply 

601.  supplying 

602.  survey 

603.  surveyed 

604.  surveying 

605.  surveys 
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606.  testified 

607.  testifies 

608.  testify 

609.  testifying 

610.  uncover 

611.  uncovered 

612.  uncovering 

613.  uncovers 

614.  unearth 

615.  unearthed 

616.  unearthing 

617.  unearths 

618.  unfold 

619.  unfolded 

620.  unfolding 

621.  unfolds 

622.  unfurl 

623.  unfurled 

624.  unveil 

625.  unveiled 

626.  unveiling 

627.  unveils 

628.  validate 

629.  validated 

630.  validates 

631.  validating 

632.  valuate 

633.  valuated 

634.  valuates 

635.  valuating 

636.  view 

637.  viewed 

638.  viewing 

639.  views 

640.  vindicate 

641.  vindicated 

642.  vindicates 

643.  vindicating 

644.  warrant 

645.  warranted 

646.  warranting 

647.  warrants 

648.  witness 

649.  witnessed 

650.  witnesses 

651.  witnessing 

 

Issue Terms and Phrases 

 

1.  accompanying 

2.  accordingly 

3.  added to 

4.  additionally 

5.  after 

6.  after that 

7.  after while 

8.  afterward 

9.  afterwards 

10.  again 

11.  along 

12.  along with 

13.  already 

14.  also 

15.  alternate way 

16.  and all 

17.  and so 

18.  apart from 

19.  apparently 

20.  As a consequence 

21.  as a deduction 

22.  as a matter of course 

23.  as a result of 

24.  as companion 

25.  as long as 

26.  as things go 

27.  as well 

28.  as well as 

29.  aside from 

30.  at a later date 

31.  at same time 

32.  automatically 

33.  axiomatically 

34.  Because 

35.  because 

36.  behind 

37.  being 

38.  besides 

39.  beyond 

40.  beyond one's control 

41.  by and by 

42.  by cause of 

43.  by definition 

44.  by its own nature 

45.  by reason of 

46.  by the same token 

47.  by virtue of 

48.  can 

49.  cardinally 

50.  cause 

51.  caused 

52.  causes 

53.  causing 

54.  come what may 

55.  compulsorily 

56.  conjointly 

57.  consequently 

58.  considering 

59.  correspondingly 

60.  coupled with 

61.  distant 

62.  due to 

63.  else 

64.  ergo 

65.  exact 

66.  exceeding 

67.  exclusive of 

68.  exigently 

69.  extra 

70.  farther 

71.  finally 

72.  Focusing 

73.  following 

74.  for the reason that 

75.  for the sake of 

76.  For these reasons 

77.  For this purpose 

78.  For this reason 

79.  for this reason 

80.  forasmuch as 

81.  forever after 

82.  forward 

83.  from here 

84.  from now on 

85.  from that day forward 

86.  from that day on 

87.  from that time 

88.  from then on 

89.  from there on 

90.  from within 

91.  fundamentally 

92.  further 

93.  Furthermore 

94.  furthermore 

95.  Hence 

96.  hence 

97.  henceforth 

98.  henceforward 

99.  hereafter 

100.  hereinafter 

101.  If 

102.  In addition 

103.  in addition 

104.  in addition to 

105.  in as much as 

106.  in behalf of 

107.  in conjunction with 

108.  in consequence 

109.  in distinction to 

110.  in excess of 

111.  in like manner 
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112.  In order to 

113.  in other respects 

114.  in that 

115.  in that event 

116.  in the aftermath 

117.  in the end 

118.  in the future 

119.  in the interest of 

120.  in the same way 

121.  In this context 

122.  in view of 

123.  inasmuch as 

124.  including 

125.  incontrovertibly 

126.  indeed 

127.  indubitably 

128.  ineluctably 

129.  inescapably 

130.  inexorably 

131.  infra 

132.  irresistibly 

133.  It depends 

134.  it follows that 

135.  later 

136.  latterly 

137.  likewise 

138.  may be 

139.  more 

140.  more than 

141.  more than that 

142.  Moreover 

143.  moreover 

144.  naturally 

145.  necessarily 

146.  no doubt 

147.  not counting 

148.  not to mention 

149.  now 

150.  now that 

151.  of course 

152.  of necessity 

153.  on account of 

154.  on that account 

155.  on the grounds 

156.  on the grounds that 

157.  On the other hand 

158.  on the side 

159.  on top of 

160.  on top of everything 

161.  onward 

162.  other than 

163.  otherwise 

164.  over and above 

165.  owing to 

166.  positively 

167.  pressingly 

168.  quite 

169.  rather than 

170.  secondly 

171.  side by side 

172.  significant 

173.  significantly 

174.  similarly 

175.  simultaneously 

176.  Since 

177.  since 

178.  so 

179.  Specifically 

180.  still 

181.  subsequently 

182.  supplementary to 

183.  thanks to 

184.  then 

185.  thence 

186.  thenceforth 

187.  thenceforward 

188.  thereafter 

189.  Therefore 

190.  therefore 

191.  therefrom 

192.  thereupon 

193.  through 

194.  Thus 

195.  thus 

196.  thusly 

197.  to that end 

198.  together with 

199.  too 

200.  undoubtedly 

201.  unpreventably 

202.  unquestionably 

203.  vitally 

204.  what is more 

205.  what's more 

206.  whence 

207.  where as 

208.  wherefore 

209.  with the exception of 

210.  withal 

211.  without fail 

 

 

 

Methodology Terms and 

Phrases 

 

1.  are built by 

2.  are extracted 

3.  asked to fill in a 

questionnaire 

4.  based on 

5.  collection was used 

6.  corpus is composed of 

7.  corpus study is 

presented in 

8.  corpus was extracted 

9.  documents used 

10.  experiments build upon 

11.  following the approach 

of 

12.  following the specified 

schema 

13.  for selecting 

14.  gathered from 

15.  has been used 

16.  in this experiment 

17.  is employed 

18.  is obtained from 

19.  is then used 

20.  labeled 

21.  labelled 

22.  manually 

23.  manually divided 

24.  Our experiment uses 

25.  Our experiments 

26.  Our implementation 

27.  pre-defined as in 

28.  randomly divided 

29.  used a tool 

30.  used for our 

experiment 

31.  was obtained by 

32.  we adopt 

33.  we adopted 

34.  we also make use 

35.  We also use 

36.  We also want to find 

out 

37.  we analyse 

38.  we assume 

39.  we build 

40.  we build on the work 

of 

41.  we calculated 

42.  we calculated 

43.  we compare our 

44.  we compared 

45.  we consider 

46.  We consider 

47.  we constructed 

48.  we created 
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49.  we decoded 

50.  we defined 

51.  we devise 

52.  we evaluate 

53.  We evaluate 

54.  we evaluate 

55.  We experiment 

56.  we extend 

57.  we extract 

58.  we focused 

59.  We further looked into 

60.  We have chosen 

61.  We have tested 

62.  we implemented 

63.  We incrementally 

expanded 

64.  We incrementally 

expanded 

65.  We investigate 

66.  We learn 

67.  We manually 

68.  we measure 

69.  we obtained 

70.  We randomly choose 

71.  we select 

72.  we sorted 

73.  we tackled 

74.  we use 

75.  We use 

76.  We used 

77.  we used 

78.  we used 

79.  We weight 

80.  were asked to add 

81.  were found 

82.  were implemented 

83.  were obtained 

84.  were put together 

85.  were selected 

86.  were used 

87.  which only removes 

88.  which removes 

89.  which removes 

prefixes 

90.  which simply removes 

 

Overcoming Gap Terms and 

Phrases 

 

1.  achieve 

2.  achieved 

3.  achieves 

4.  achieving 

5.  add to 

6.  address 

7.  addressed 

8.  addresses 

9.  addressing 

10.  adds to 

11.  adorn 

12.  adorned 

13.  adorning 

14.  adorns 

15.  advance 

16.  advanced 

17.  advances 

18.  advancing 

19.  aggravate 

20.  aggravated 

21.  aggravates 

22.  aggravating 

23.  aims to support 

24.  alter 

25.  altered 

26.  altering 

27.  alters 

28.  ameliorate 

29.  ameliorated 

30.  ameliorates 

31.  ameliorating 

32.  amend 

33.  amended 

34.  amending 

35.  amends 

36.  amplified 

37.  amplifies 

38.  amplify 

39.  amplifying 

40.  Another possible 

solution 

41.  appreciate 

42.  appreciated 

43.  appreciates 

44.  appreciating 

45.  are useful 

46.  as was already assessed 

in 

47.  assemble 

48.  assembled 

49.  assembles 

50.  augment 

51.  augmented 

52.  augmenting 

53.  augments 

54.  avoid 

55.  avoided 

56.  avoiding 

57.  avoids 

58.  beat 

59.  beef up 

60.  best 

61.  better 

62.  boom 

63.  boost 

64.  broaden 

65.  build 

66.  by overcoming its 

67.  can be expressed 

68.  can be superior 

69.  circumvent 

70.  circumvents 

71.  complement 

72.  complemented 

73.  complementing 

74.  complements 

75.  compound 

76.  compounded 

77.  compounding 

78.  compounds 

79.  convalesce 

80.  correct 

81.  corrected 

82.  correcting 

83.  corrects 

84.  cost-effective 

85.  could be enhanced 

86.  develop 

87.  developed 

88.  developing 

89.  develops 

90.  effective 

91.  elevate 

92.  elevated 

93.  elevates 

94.  elevating 

95.  endow 

96.  endowed 

97.  endows 

98.  enhance 

99.  enhanced 

100.  enhances 

101.  enhancing 

102.  enlarge 

103.  enlarged 

104.  enlarges 

105.  enlarging 

106.  enrich 

107.  enriched 

108.  enriches 

109.  enriching 

110.  escalate 
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111.  escalated 

112.  escalates 

113.  escalating 

114.  essentially benefit 

115.  favourable properties 

116.  fetch up 

117.  figure in 

118.  fix 

119.  fixed 

120.  fixes 

121.  fixing 

122.  flesh out 

123.  forward 

124.  gain ground 

125.  gather 

126.  gathered 

127.  gathering 

128.  gathers 

129.  good scalability 

130.  handle 

131.  handled 

132.  handles 

133.  handling 

134.  has better performance 

135.  has better potential 

136.  improve 

137.  improved 

138.  improvements 

139.  improves 

140.  improving 

141.  In order to solve this 

problem 

142.  increase 

143.  increased 

144.  increases 

145.  increasing 

146.  inflate 

147.  inflated 

148.  inflates 

149.  inflating 

150.  is much higher than 

151.  magnified 

152.  magnifies 

153.  magnify 

154.  magnifying 

155.  make rich 

156.  make strides 

157.  make up for 

158.  manage 

159.  managed 

160.  manages 

161.  managing 

162.  meliorate 

163.  meliorated 

164.  meliorates 

165.  meliorating 

166.  mend 

167.  mended 

168.  mending 

169.  mends 

170.  multiplied 

171.  multiplies 

172.  multiply 

173.  multiplying 

174.  mushroom 

175.  mushroomed 

176.  mushrooming 

177.  mushrooms 

178.  muster 

179.  mustered 

180.  mustering 

181.  musters 

182.  ornament 

183.  outperform 

184.  outperformed 

185.  outperforming 

186.  outperforms 

187.  outshine 

188.  outshined 

189.  outshines 

190.  outshining 

191.  outstrip 

192.  outstripped 

193.  outstrips 

194.  overcame 

195.  overcome 

196.  overcome the 

difficulties 

197.  overcome this 

198.  overcomes 

199.  overcoming 

200.  pour it on 

201.  prefer 

202.  preferred 

203.  preferring 

204.  prefers 

205.  progress 

206.  progressed 

207.  progresses 

208.  progressing 

209.  proliferate 

210.  proliferated 

211.  proliferates 

212.  proliferating 

213.  prolong 

214.  prolonged 

215.  prolonging 

216.  prolongs 

217.  promote 

218.  promoted 

219.  promotes 

220.  promoting 

221.  protract 

222.  protracted 

223.  protracting 

224.  protracts 

225.  proved effective 

226.  proved to be a 

promising 

227.  provide 

228.  provided 

229.  provides 

230.  providing 

231.  purified 

232.  purifies 

233.  purify 

234.  purifying 

235.  raise 

236.  raised 

237.  raises 

238.  raising 

239.  rallied 

240.  rallies 

241.  rally 

242.  rallying 

243.  recover 

244.  recovered 

245.  recovering 

246.  recovers 

247.  recruit 

248.  recruited 

249.  recruiting 

250.  recruits 

251.  rectified 

252.  rectifies 

253.  rectify 

254.  rectifying 

255.  recuperate 

256.  recuperated 

257.  recuperates 

258.  recuperating 

259.  redouble 

260.  reduce 

261.  reduced 

262.  reduces 

263.  reducing 

264.  refine 

265.  refined 

266.  refines 

267.  refining 

268.  reform 

269.  reformed 
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270.  reforming 

271.  reforms 

272.  reinforce 

273.  reinforced 

274.  reinforces 

275.  reinforing 

276.  remedy 

277.  rendezvous 

278.  repair 

279.  repaired 

280.  repairing 

281.  repairs 

282.  requiring dramatically 

lower encoding 

283.  resolve 

284.  resolved 

285.  resolves 

286.  resolving 

287.  revamp 

288.  revamped 

289.  revamping 

290.  revamps 

291.  revise 

292.  revised 

293.  revises 

294.  revising 

295.  rise 

296.  rised 

297.  rises 

298.  rising 

299.  run up 

300.  send through the roof 

301.  set right 

302.  sharpen 

303.  sharpened 

304.  sharpening 

305.  sharpens 

306.  shoot up 

307.  shoots up 

308.  Since it was hard 

309.  skyrocket 

310.  slap on 

311.  snowball 

312.  solution 

313.  solutions 

314.  solve the problem 

315.  solved apparently 

316.  solves the problem 

317.  spike 

318.  spikes 

319.  spread 

320.  spreads 

321.  step up 

322.  stepped up 

323.  steps up 

324.  straighten out 

325.  strengthen 

326.  strengthened 

327.  strengthening 

328.  strengthens 

329.  supplement 

330.  supplemented 

331.  supplementing 

332.  supplements 

333.  surpass 

334.  surpassed 

335.  surpasses 

336.  surpassing 

337.  sweeten 

338.  sweetening 

339.  sweetens 

340.  tack on 

341.  tag on 

342.  take off 

343.  takes off 

344.  thicken 

345.  thickened 

346.  thickening 

347.  thickens 

348.  This motivates to 

propose 

349.  to achieve an improved 

350.  To reduce the burden 

351.  transcend 

352.  transcended 

353.  transcending 

354.  transcends 

355.  turn the corner 

356.  update 

357.  updated 

358.  updates 

359.  updating 

360.  upgrade 

361.  upgraded 

362.  upgrades 

363.  upgrading 

364.  was already assessed 

365.  we can get rid of 

366.  widen 

367.  without error 

 

Result Terms and Phrases 

 

1.  According to our 

experimental results 

2.  advantage of our 

3.  advantage of our 

method 

4.  aim of our current 

work 

5.  aim of our current 

work 

6.  As presented 

7.  contribution of this 

paper 

8.  contribution of this 

work 

9.  Experimental results 

show 

10.  experiments show that 

11.  goal of our present 

study 

12.  In our case 

13.  in the future 

14.  In this document 

15.  In this paper 

16.  in this paper 

17.  In this work 

18.  Our 

19.  Our aim 

20.  our algorithm 

21.  Our analysis 

demonstrated 

22.  Our approach 

23.  Our conclusion 

24.  our core algorithm 

25.  Our evaluation method 

26.  our experimental 

results 

27.  Our FACT 

28.  Our focus 

29.  our model 

30.  Our results 

31.  our results indicate 

32.  Our simulation results 

33.  Our study shows 

34.  Our system 

35.  our system 

36.  Our work 

37.  parallel with our work 

38.  purpose of this paper 

39.  research presented here 

40.  The focus of this work 

41.  The goal of this study 

42.  The main contributions 

of this paper 

43.  The paper presents 

44.  The presented 

algorithm 

45.  The proposed idea 

46.  this case study 

47.  This document 
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48.  This paper aims 

49.  This paper discussed 

50.  This paper evaluates 

51.  this paper focuses 

52.  This paper introduced 

53.  This paper makes 

54.  This paper only covers 

55.  This paper presented 

56.  this paper presents 

57.  This paper presents 

58.  This paper proposes 

59.  This paper provides 

evidence 

60.  This paper tries 

61.  this work is the first 

62.  we achieved 

63.  we address here 

64.  We aim to provide 

65.  we also 

66.  We also extend 

67.  we also implement 

68.  We also investigated 

69.  We also presented 

70.  We also reported 

71.  we also show 

72.  We also show 

73.  We believe that 

74.  we characterize 

75.  We demonstrated 

76.  We described 

77.  we developed 

78.  We developed 

79.  We discover 

80.  we discover 

81.  we discuss 

82.  we do not consider 

83.  We enhanced 

84.  we explicitly examine 

85.  we exploit 

86.  We first identify 

87.  we found 

88.  We have built 

89.  we have created 

90.  we have demonstrated 

91.  we have found that 

92.  We have implemented 

93.  we have presented 

94.  We have presented 

95.  we have proposed 

96.  We have provided 

97.  we have shown 

98.  We have summarized 

99.  We implemented 

100.  We introduce 

101.  We introduced 

102.  We model 

103.  We note that 

104.  We obtained 

105.  we prefer to present 

106.  we present 

107.  we presented 

108.  We propose 

109.  we propose 

110.  we provide 

111.  we report 

112.  we see 

113.  we set up 

114.  we show 

115.  we sketh 

116.  we studied 

117.  We summarize 

118.  we summarize 

119.  We suspect that 

120.  We then identify 

121.  we will address 

122.  we will elaborate 

123.  we will present 

124.  we will show 

125.  With our 

implementation 

 

Shortcoming Terms and 

Phrases 

 

1.  absence 

2.  absurd 

3.  absurdity 

4.  address this challenge 

5.  adoption has been slow 

6.  adverse circumstance 

7.  affect 

8.  affected by 

9.  affliction 

10.  aggravation 

11.  ailment 

12.  albatross 

13.  albeit 

14.  all the same 

15.  allowing 

16.  Although 

17.  although 

18.  ambiguous 

19.  ambivalent 

20.  amplified 

21.  an unnecessary loss of 

precision 

22.  anaphrodisiac 

23.  anaphroditious 

24.  anarchy 

25.  animadvert on 

26.  anyhow 

27.  anyway 

28.  are limited 

29.  are still missing 

30.  as low as 

31.  aside from 

32.  astonishment 

33.  astraddle 

34.  at a low ebb 

35.  at any cost 

36.  at any rate 

37.  at issue 

38.  at the end of one's 

tether 

39.  awkwardness 

40.  bad job 

41.  bar 

42.  Barrier 

43.  barrier 

44.  be that as it may 

45.  biased random walks 

46.  binding 

47.  blame 

48.  blemish 

49.  blister 

50.  block 

51.  blockade 

52.  blocking 

53.  blot 

54.  blotch 

55.  blunder 

56.  boner 

57.  borderless 

58.  borderline 

59.  boring 

60.  brake 

61.  break 

62.  bug 

63.  burden 

64.  bustle 

65.  But 

66.  but 

67.  By contrast 

68.  can hardly be 

69.  cannot 

70.  castigate 

71.  casuistic 

72.  catch 

73.  cause instability 

74.  censure 

75.  challenge 

76.  challenged 
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77.  challenges 

78.  challenging 

79.  chancy 

80.  changeable 

81.  chaos 

82.  chastise 

83.  check 

84.  chide 

85.  choking 

86.  circumspection 

87.  clash 

88.  clashed 

89.  clashes 

90.  clashing 

91.  clear as dishwater 

92.  clearly fail 

93.  clobber 

94.  clog 

95.  clouded 

96.  cloudy 

97.  clumsiness 

98.  clutter 

99.  cockeyed 

100.  codicillary 

101.  coincidental 

102.  come down on 

103.  come what may 

104.  common 

105.  common pitfalls 

106.  commonplace 

107.  commotion 

108.  complex 

109.  complexities 

110.  complexity 

111.  complication 

112.  compression 

113.  concerned 

114.  concomitant 

115.  concurrent 

116.  condemn 

117.  condition 

118.  confusion 

119.  conjectural 

120.  consternation 

121.  constrained 

122.  constraining 

123.  constraint 

124.  constraints 

125.  constrict 

126.  constricted 

127.  constricting 

128.  constriction 

129.  constricts 

130.  contain overlapping 

131.  contains only 

132.  contingent 

133.  contraction 

134.  contradict 

135.  contradicted 

136.  contradicting 

137.  contradictory 

138.  contradicts 

139.  control 

140.  could not 

141.  crack 

142.  cracked 

143.  cracking 

144.  cracks 

145.  cramp 

146.  cramped 

147.  cramping 

148.  cramps 

149.  crimp 

150.  crimped 

151.  crimping 

152.  crimps 

153.  critical aspect 

154.  criticise 

155.  criticised 

156.  criticises 

157.  criticising 

158.  criticism 

159.  criticize 

160.  criticized 

161.  criticized 

162.  criticizes 

163.  criticizing 

164.  crude 

165.  crunch 

166.  cryptic 

167.  cumbrance 

168.  curb 

169.  curbed 

170.  curbing 

171.  curbs 

172.  currently slowed down 

173.  currently still lacking 

174.  curtailment 

175.  cut down 

176.  cut to bits 

177.  damp 

178.  dampen 

179.  dampened 

180.  dampening 

181.  dampens 

182.  damper 

183.  daze 

184.  dearth 

185.  debarment 

186.  debatable 

187.  decrease 

188.  decreased 

189.  decreases 

190.  decreasing 

191.  defalcation 

192.  default 

193.  defaulted 

194.  defaulting 

195.  defaults 

196.  defect 

197.  defective 

198.  defectiveness 

199.  defects 

200.  deficiency 

201.  deficient 

202.  deficit 

203.  deficited 

204.  deficiting 

205.  deficits 

206.  deform 

207.  deformed 

208.  deforming 

209.  deformity 

210.  deforms 

211.  delinquency 

212.  delinquish 

213.  delinquished 

214.  delinquishes 

215.  delinquishing 

216.  delusion 

217.  demerit 

218.  demerited 

219.  demeriting 

220.  demerits 

221.  denounce 

222.  denounced 

223.  denounces 

224.  denouncing 

225.  denuded of 

226.  denunciate 

227.  denunciated 

228.  denunciates 

229.  denunciating 

230.  deplete 

231.  depleted 

232.  depletes 

233.  depleting 

234.  depletion 

235.  depletive 
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236.  deprivation 

237.  deprive 

238.  deprived 

239.  deprives 

240.  depriving 

241.  derelict 

242.  derelicting 

243.  dereliction 

244.  derelicts 

245.  Despite 

246.  despite 

247.  despite everything 

248.  despite the fact 

249.  destitute of 

250.  destitution 

251.  deter 

252.  deterrent 

253.  deters 

254.  detriment 

255.  dettered 

256.  dettering 

257.  deviate 

258.  deviates 

259.  deviating 

260.  deviation 

261.  devoid of 

262.  dicey 

263.  did not 

264.  difficult 

265.  difficulty 

266.  difficulties 

267.  dilemma 

268.  disability 

269.  disable 

270.  disabled 

271.  disabling 

272.  disadvantage 

273.  disadvantages 

274.  disappoint 

275.  disappointed 

276.  disappointing 

277.  disappointment 

278.  disappoints 

279.  disarray 

280.  discoloration 

281.  discommodity 

282.  discomposure 

283.  disenablement 

284.  disentitlement 

285.  dislocation 

286.  disorganization 

287.  disparage 

288.  disparaged 

289.  disparages 

290.  disparaging 

291.  disqualification 

292.  disqualified 

293.  disqualifies 

294.  disqualify 

295.  disqualifying 

296.  disregard 

297.  disregarded 

298.  disregarding 

299.  disregards 

300.  disreputable 

301.  disreputable 

302.  disrepute 

303.  disreputed 

304.  disreputes 

305.  disreputing 

306.  distinct from 

307.  distract 

308.  distracted 

309.  distracting 

310.  distraction 

311.  distracts 

312.  distress 

313.  distressed 

314.  distresses 

315.  distressing 

316.  do not 

317.  docked 

318.  does not 

319.  doubt 

320.  doubtable 

321.  doubted 

322.  doubtful 

323.  doubting 

324.  doubts 

325.  downside 

326.  drag 

327.  dragged 

328.  dragging 

329.  drags 

330.  drained 

331.  drawback 

332.  drawbacks 

333.  dress down 

334.  dried 

335.  drought 

336.  dry 

337.  drying 

338.  dubious 

339.  dubitable 

340.  Due to uncertainty 

341.  dull 

342.  efficiency is lost 

343.  effort is required 

344.  eliminate 

345.  eliminated 

346.  eliminates 

347.  eliminating 

348.  elimination 

349.  embarrass 

350.  embarrassed 

351.  embarrasses 

352.  embarrassing 

353.  embarrassment 

354.  emerging slowly 

355.  emotional upset 

356.  empty 

357.  empty-handed 

358.  encumbrance 

359.  enigmatic 

360.  enigmatical 

361.  entangle 

362.  entangled 

363.  entanglement 

364.  entangles 

365.  entangling 

366.  erratum 

367.  error 

368.  errors 

369.  even if 

370.  even so 

371.  even supposing 

372.  even supposing 

373.  Even though 

374.  even though 

375.  evil 

376.  excess baggage 

377.  exclusion 

378.  excoriate 

379.  exigency 

380.  exiguity 

381.  exiguousness 

382.  expensive 

383.  extravagated 

384.  fail 

385.  failed 

386.  failing 

387.  fails 

388.  failure 

389.  fall 

390.  fallacious 

391.  fallacy 

392.  false 

393.  falsehood 

394.  falsity 
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395.  faltering 

396.  famine 

397.  famine-stricken 

398.  famished 

399.  far-fetched 

400.  fat chance 

401.  fatuous 

402.  fault 

403.  faultiness 

404.  faults 

405.  faulty 

406.  faux pas 

407.  feeble 

408.  fell 

409.  ferment 

410.  find fault 

411.  fishy 

412.  fix 

413.  flabby 

414.  flaw 

415.  flawed 

416.  flaws 

417.  flimsy 

418.  fluctuating 

419.  fluff 

420.  fly in the ointment 

421.  fog 

422.  foible 

423.  foot dragging 

424.  for all that 

425.  forceless 

426.  fortuitous 

427.  fracas 

428.  frailty 

429.  frustrate 

430.  frustrated 

431.  frustrates 

432.  frustrating 

433.  frustration 

434.  fulminate against 

435.  fustigate 

436.  gap 

437.  gaps 

438.  garbled 

439.  give bad press 

440.  glitch 

441.  glitched 

442.  glitches 

443.  glitching 

444.  going on 

445.  goof 

446.  goofed 

447.  goofing 

448.  goofs 

449.  granted on certain 

terms 

450.  groundless 

451.  grunt 

452.  guarded 

453.  half-and-half 

454.  half-starved 

455.  halted 

456.  halting 

457.  halts 

458.  hamper 

459.  hampered 

460.  hampering 

461.  hampers 

462.  handicap 

463.  handicapped 

464.  handicaps 

465.  hangs-up 

466.  hangup 

467.  hang-up 

468.  hard to find 

469.  hard to predict 

470.  hardship 

471.  has little influence 

472.  has not 

473.  have a limitation 

474.  have little or no 

correspondence 

475.  have not been 

476.  hazardous 

477.  haze 

478.  hazy 

479.  hemming and hawing 

480.  hesitant 

481.  hesitate 

482.  hesitates 

483.  hesitating 

484.  hesitation 

485.  hesitative 

486.  highly asymmetrical 

487.  hindrance 

488.  hindrances 

489.  hitch 

490.  hodge-podge 

491.  holdup 

492.  hollow 

493.  howbeit 

494.  However 

495.  however 

496.  howler 

497.  human work has been 

necessary 

498.  humdrum 

499.  hurdle 

500.  hurdle 

501.  iffy 

502.  ill 

503.  ill-furnished 

504.  ill-off 

505.  illogical 

506.  ill-provided 

507.  ill-stored 

508.  imbroglio 

509.  immature 

510.  impairment 

511.  impecuniousness 

512.  impedance 

513.  impediment 

514.  imperfect 

515.  imperfection 

516.  implausible 

517.  important limitation 

518.  imposed new 

requirements 

519.  imposition 

520.  impotent 

521.  impoverish 

522.  impoverishment 

523.  imprecise 

524.  improbable 

525.  impugnable 

526.  in an embryonic stage 

527.  in any case 

528.  in any event 

529.  in arrear 

530.  In contrast 

531.  in debt 

532.  in default 

533.  in doubt 

534.  in hand 

535.  in progress 

536.  in question 

537.  In spite of 

538.  in spite of 

539.  in spite of everything 

540.  in spite of that 

541.  in want 

542.  inability 

543.  inability to hack it 

544.  inaccuracy 

545.  inaccurate 

546.  inadequacy 

547.  inadequate 

548.  inadequateness 

549.  inappropriate 

550.  inappropriateness 

551.  inaptness 
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552.  incapacitation 

553.  incapacity 

554.  incidental 

555.  incompetence 

556.  incompetency 

557.  incompetent 

558.  incomplete 

559.  incompleteness 

560.  incompletion 

561.  inconceivable 

562.  inconclusive 

563.  inconclusiveness 

564.  incongruent 

565.  incongruous 

566.  inconsequent 

567.  inconsistencies 

568.  inconsistency 

569.  inconsistent 

570.  inconvenience 

571.  inconvenient 

572.  incorrect 

573.  indecisive 

574.  indefinite 

575.  indeterminate 

576.  indigence 

577.  indistinct 

578.  ineffective 

579.  ineffectiveness 

580.  ineffectual 

581.  ineffectualness 

582.  inefficacy 

583.  inefficiency 

584.  ineligibility 

585.  inept 

586.  ineptitude 

587.  inexact 

588.  inexperience 

589.  inexplicit 

590.  inferential 

591.  inferiority 

592.  infirmity 

593.  infrequency 

594.  inherent problems 

595.  inhibition 

596.  injunction 

597.  injury 

598.  intricacies 

599.  insecure 

600.  instead of being just 

601.  insufficiencies 

602.  insufficiency 

603.  insufficient 

604.  interference 

605.  interruption 

606.  intervene 

607.  intervenes 

608.  intervening 

609.  intervention 

610.  intricacy 

611.  inutility 

612.  invalid 

613.  invalidity 

614.  irrational 

615.  irregularity 

616.  irrelevant 

617.  irresolute 

618.  is a major issue 

619.  is low 

620.  is much too weak 

621.  is not 

622.  is poor 

623.  is still 

624.  is weaker in measuring 

625.  it does not 

626.  It fails to 

627.  It is not 

628.  it is not 

629.  It is still 

630.  it is very hard 

631.  it may be more 

difficult 

632.  it tends to be fragile 

633.  jumble 

634.  jump on 

635.  key challenge 

636.  knock 

637.  knocks 

638.  knot 

639.  known to be 

incomplete 

640.  labor-intensive 

641.  labyrinth 

642.  lack 

643.  lack necessary 

644.  lack of 

645.  lacking 

646.  lambaste 

647.  lambasted 

648.  lambastes 

649.  lambasting 

650.  lame 

651.  lapse 

652.  lapsed 

653.  lapses 

654.  lapsing 

655.  largely unexplored 

656.  largely useless 

657.  larger number of test 

queries 

658.  leaving aside 

659.  less developed 

660.  less formally grounded 

661.  liability 

662.  limitation 

663.  limitation in 

664.  Limitations 

665.  limitations 

666.  limited 

667.  limiting 

668.  limits 

669.  little has been done 

670.  little research 

671.  little work 

672.  lock 

673.  locks 

674.  long shot 

675.  lopped 

676.  loss 

677.  lot remains to be 

explored 

678.  mad 

679.  main criticisms 

680.  main drawback 

681.  major concern 

682.  makes it difficult 

683.  makes it difficult to 

understand 

684.  Malicious 

685.  marring 

686.  may be difficult 

687.  may not be appropriate 

688.  may not meet 

689.  meager 

690.  meagerness 

691.  meaningless 

692.  mess 

693.  minus 

694.  misapprehension 

695.  misbelief 

696.  miscalculation 

697.  misconception 

698.  miscue 

699.  misdeed 

700.  mishap 

701.  misjudgment 

702.  misleading impact 

703.  mismanagement 

704.  miss 

705.  missed 

706.  misses 

707.  missing 
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708.  missing 

709.  missing in their 

approach 

710.  misstep 

711.  missteps 

712.  mistake 

713.  mistaked 

714.  mistakes 

715.  mistaking 

716.  misunderstanding 

717.  mixed 

718.  monotonous 

719.  more and more 

complex 

720.  more obscure 

721.  most difficult tasks 

722.  much as 

723.  muddle 

724.  muddy 

725.  must be addressed 

726.  mutilated 

727.  mystification 

728.  nag at 

729.  narrowing 

730.  nebulous 

731.  necessity 

732.  need 

733.  neediness 

734.  needs 

735.  negative aspects 

736.  neglect 

737.  neglected 

738.  neglecting 

739.  neglects 

740.  Nevertheless 

741.  nevertheless 

742.  no clear 

743.  no comprehensive 

744.  no integrated solution 

745.  no matter what 

746.  no practical 

747.  no relationship 

748.  No systematic 

evaluation 

749.  no testing of the 

method 

750.  None of the 

751.  none of the 

752.  none of them 

753.  none of these 

754.  Nonetheless 

755.  nonetheless 

756.  not a single approach 

has been 

757.  not able to 

758.  not absolute 

759.  not an appropriate 

760.  not as helpful 

761.  not assist 

762.  not backward 

compatible 

763.  not concerned 

764.  not enough 

765.  not enough focus 

766.  not following 

767.  not found use 

768.  not making sense 

769.  not only 

770.  not the complement 

771.  not the less 

772.  not to be had 

773.  not to be had at any 

price 

774.  not to be had for love 

or money 

775.  not yet 

776.  Notwithstanding 

777.  notwithstanding 

778.  nuisance 

779.  object 

780.  objected 

781.  objecting 

782.  objection 

783.  objects 

784.  obscure 

785.  obscured 

786.  obscures 

787.  obstacle 

788.  obstruct 

789.  obstructed 

790.  obstructing 

791.  obstruction 

792.  obstructs 

793.  obscuring 

794.  obtains no 

795.  obvious difficulties 

796.  of two minds 

797.  off the wall 

798.  offense 

799.  often difficult 

800.  often large and 

complex 

801.  omission 

802.  omit 

803.  omitted 

804.  omits 

805.  omitting 

806.  on the fence 

807.  on the other hand 

808.  on thin ice 

809.  One of the difficulties 

810.  opaque 

811.  oppose 

812.  opposed 

813.  opposes 

814.  opposing 

815.  opposive 

816.  ordinary 

817.  out of 

818.  overlooking 

819.  oversight 

820.  oversighted 

821.  oversighting 

822.  oversights 

823.  pale 

824.  pandemonium 

825.  partially answered 

826.  pathetic 

827.  paucity 

828.  pending 

829.  perform poorly 

830.  performance suffers 

831.  performed poorly 

832.  performing poorly 

833.  performs poorly 

834.  perfunctory 

835.  perturbation 

836.  poor 

837.  poor overall 

performance 

838.  poor performance 

839.  poorness 

840.  precarious 

841.  preposterous 

842.  pressure 

843.  presumptive 

844.  preventive 

845.  prevents the use of 

846.  privation 

847.  problem 

848.  problematic 

849.  problematical 

850.  problems 

851.  prosaic 

852.  provide only 

853.  provisional 

854.  provisory 

855.  psychological baggage 

856.  puzzler 

857.  puzzling 

858.  questionable 

859.  racket 
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860.  rareness 

861.  rather complex 

862.  rather simple ways of 

863.  rather than 

864.  raw 

865.  rebuff 

866.  reduce 

867.  reduced 

868.  reduces 

869.  reducing 

870.  reduction 

871.  redundancies 

872.  redundancy 

873.  regardless 

874.  rejection 

875.  remain unanswered 

876.  remains unresolved 

877.  reprehend 

878.  reprehended 

879.  reprehending 

880.  reprehends 

881.  reprimand 

882.  reprobate 

883.  reprobated 

884.  reprobates 

885.  reprobation 

886.  reprobative 

887.  reprove 

888.  reproved 

889.  reproves 

890.  reproving 

891.  requires additional 

functionality 

892.  restrain 

893.  restrained 

894.  restraining 

895.  restrains 

896.  restraint 

897.  restraints 

898.  restrict 

899.  restricted 

900.  restricting 

901.  restriction 

902.  restrictive 

903.  restricts 

904.  retrenchment 

905.  reversal 

906.  reverse 

907.  rough spot 

908.  scalability issues 

909.  scalability problems 

910.  scant 

911.  scantiness 

912.  scantness 

913.  scar 

914.  scarce 

915.  scarcity 

916.  scathe 

917.  scathed 

918.  scathes 

919.  scathing 

920.  scorch 

921.  scorched 

922.  scorches 

923.  scorching 

924.  scrape 

925.  scraped 

926.  scrapes 

927.  scraping 

928.  scratch 

929.  scratched 

930.  scratches 

931.  scratching 

932.  screamer 

933.  screws-up 

934.  screw-up 

935.  screwy 

936.  scrimp 

937.  scurvy 

938.  self-contradictory 

939.  senseless 

940.  serious obstacle 

941.  serious problem 

942.  seriously threatened 

943.  setback 

944.  shaky 

945.  shallow 

946.  shambles 

947.  shares some of the 

drawbacks 

948.  short 

949.  shortage 

950.  shortages 

951.  shortcoming 

952.  shortcomings 

953.  shortfall 

954.  shortness 

955.  should not be modelled 

956.  shrink 

957.  shrinkage 

958.  shrinked 

959.  shrinking 

960.  shrinking 

961.  shrinks 

962.  significant 

disagreement 

963.  significant flaw 

964.  significantly affect 

965.  significantly slows 

down 

966.  sketchy 

967.  skimpiness 

968.  slack 

969.  slacked 

970.  slacking 

971.  slacks 

972.  slam 

973.  slammed 

974.  slamming 

975.  slams 

976.  slim 

977.  slip 

978.  slipped 

979.  slipping 

980.  slips 

981.  slog 

982.  slogged 

983.  slogging 

984.  slogs 

985.  slower uptake 

986.  slug 

987.  sluggish 

988.  small 

989.  snag 

990.  sneaky 

991.  so hard to 

992.  So more or less 

993.  solecism 

994.  sophistic 

995.  sophistical 

996.  spare 

997.  sparing 

998.  sparsity 

999.  specious 

1000.  speck 

1001.  speculative 

1002.  spineless 

1003.  spurious 

1004.  squeezing 

1005.  stain 

1006.  starved 

1007.  starveling 

1008.  stenosis 

1009.  still at an early stage 

1010.  still needs to 

1011.  stingy 

1012.  stint 

1013.  stinted 

1014.  stir 

1015.  stoppage 

1016.  stricture 

1017.  stumble 
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1018.  stumbled 

1019.  stumbles 

1020.  stumbling 

1021.  stumbling block 

1022.  stupefaction 

1023.  subject to 

1024.  substandard 

1025.  substantial restriction 

1026.  substantial problem 

1027.  substantially harder 

than 

1028.  supposing 

1029.  surprise 

1030.  suspect 

1031.  suspected 

1032.  suspective 

1033.  suspects 

1034.  suspicious 

1035.  taboo 

1036.  taint 

1037.  take down 

1038.  tangle 

1039.  tangled 

1040.  tangles 

1041.  tangling 

1042.  tedious 

1043.  tenebrous 

1044.  tentative 

1045.  that cannot adapt 

1046.  The main question 

then 

1047.  the same drawbacks 

1048.  there are difficulties 

1049.  there are no other 

works 

1050.  there is a need for 

1051.  there is currently no 

1052.  there is hardly any 

method 

1053.  there is no 

1054.  There is not much 

work 

1055.  they also fall short of 

1056.  they are mostly 

focused 

1057.  they are not 

1058.  they cannot 

1059.  they do not 

1060.  they don't 

1061.  They only 

1062.  they suffer from 

1063.  thick 

1064.  thickening 

1065.  thickens 

1066.  thicker 

1067.  thin 

1068.  Things are even more 

difficult 

1069.  thins 

1070.  this approach lacks 

1071.  This is impossible 

1072.  This is made worse as 

1073.  though 

1074.  tight spot 

1075.  tightness 

1076.  time-consuming 

1077.  to the contrary 

1078.  too complex 

1079.  too little 

1080.  too slow 

1081.  touch-and-go 

1082.  touchy 

1083.  trammel 

1084.  transgression 

1085.  trash 

1086.  trespass 

1087.  trim 

1088.  trouble 

1089.  troubled 

1090.  troubles 

1091.  truncate 

1092.  truncated 

1093.  truncates 

1094.  truncating 

1095.  tumult 

1096.  turmoil 

1097.  unable to model 

1098.  unapt 

1099.  unavailability 

1100.  unaware of 

1101.  unbelievable 

1102.  uncertain 

1103.  Uncertainty reasoning 

1104.  unclear 

1105.  uncommonness 

1106.  uncompleted 

1107.  unconfirmed 

1108.  unconnected 

1109.  unconvincing 

1110.  undecided 

1111.  undefined 

1112.  underage 

1113.  undetermined 

1114.  uneasy 

1115.  unequal to 

1116.  uneventful 

1117.  unexceptional 

1118.  unexciting 

1119.  unfateful 

1120.  unfed 

1121.  unfinished 

1122.  unfitness 

1123.  unfixed 

1124.  Unfortunately 

1125.  unfulfilled 

1126.  unfurnished 

1127.  unintelligible 

1128.  uninteresting 

1129.  unknown 

1130.  unlikely 

1131.  unmemorable 

1132.  unnoteworthy 

1133.  unprepared 

1134.  unproficiency 

1135.  unproved 

1136.  unprovided 

1137.  unqualified 

1138.  unreasonable 

1139.  unremarkable 

1140.  unreplenished 

1141.  unresolved 

1142.  unresolved issues 

1143.  unsatisfactory 

1144.  unscientific 

1145.  unsettled 

1146.  unsolved problem 

1147.  unsound 

1148.  unsoundness 

1149.  unspecified 

1150.  unstable 

1151.  unstable behavior 

1152.  unstipulated 

1153.  unstore 

1154.  unstored 

1155.  unstores 

1156.  unstoring 

1157.  unsubstantial 

1158.  unsuitableness 

1159.  unsupplied 

1160.  unsupplies 

1161.  unsupply 

1162.  unsupplying 

1163.  unsure 

1164.  untenable 

1165.  untidiness 

1166.  untrained 

1167.  untreasured 

1168.  untruth 

1169.  unvaried 

1170.  unvaries 

1171.  unvary 
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1172.  up for grabs 

1173.  up in the air 

1174.  upheaval 

1175.  uproar 

1176.  vacant 

1177.  vacillating 

1178.  vague 

1179.  very costly 

1180.  void 

1181.  wacky 

1182.  waffling 

1183.  want 

1184.  wanting 

1185.  warring 

1186.  was criticized 

1187.  wavering 

1188.  weak 

1189.  weak point 

1190.  weak-kneed 

1191.  weakly 

1192.  weakness 

1193.  will differ from 

1194.  wishy-washy 

1195.  with grain of salt 

1196.  with reservations 

1197.  with strings attached 

1198.  withal 

1199.  without addressing 

1200.  without basis 

1201.  without considering 

1202.  without foundation 

1203.  without regard to 

1204.  without resources 

1205.  word not used 

1206.  would be difficult 

1207.  wrongdoing 

1208.  yet 
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Appendix 3 

Data obtained for Inter-Rater Reliability (IRR) Study - Labels sorted 

alphabetically for analysis purposes 

 

 
 

Captions used in providing IRR data 

Annotators 

AA – Annotator A (author of this thesis); A1 – Annotator 1; A2 – Annotator 2 

Non-Citation Sentences 

BGR – Background Sentences; GAPS – Gaps Sentences; CWO – Current Work Outcome 

Sentences; FW – Future Work Sentences; DES – Description Sentences 

Citation Sentences 

CWIG – Cited Work Identifies Gaps; CWOG – Cited Work Overcomes Gaps; UOCW – Uses 

Outputs from Cited Work; RWRW – Results with Cited Work; SCCW – Shortcomings in Cited 

Work; IRCW – Issue Related Cited Work; CCW – Compare Cited Works 

 

Inter- Rater Reliability Study Data 

 

ARTICLE 1 

 

AA A1 A2 

BGR BGR BGR 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

CWIG CWIG CWIG 

GAPS GAPS GAPS 

CWIG CWIG CWIG 

IRCW IRCW CWIG 

DES GAPS DES 

   

CWO CWO CWO 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

   

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

CWO CWO DES 

IRCW IRCW IRCW 

CWO CWO DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

   

DES DES  DES  
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DES DES  DES  

DES DES  DES  

DES DES  DES  

IRCW IRCW  IRCW  

DES DES  DES  

DES DES  DES  

DES DES  DES  

DES DES  DES  

DES DES  DES  

DES DES  DES  

DES DES  DES  

DES DES  DES  

 DES DES 

DES DES  DES  

IRCW IRCW  IRCW  

   

DES DES  DES  

DES DES  DES  

DES DES  DES  

DES DES  DES  

DES DES  DES  

DES DES  DES  

IRCW IRCW  IRCW  

   

DES DES DES 

DES DES DES 

DES DES DES 

UOCW UOCW UOCW 

DES DES DES 

UOCW UOCW UOCW 

UOCW UOCW UOCW 

   

IRCW IRCW IRCW 

DES DES DES 

GAPS GAPS GAPS 

CWOG IRCW CWOG 

DES DES DES 

DES DES DES 

DES DES DES 

   

CWOG IRCW CWOG 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

GAPS DES GAPS 

DES DES DES 

   

BGR BGR BGR 

IRCW IRCW CWOG 

GAPS DES GAPS 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

CWO CWO CWO 

   

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

GAPS GAPS GAPS 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

GAPS GAPS GAPS 

CWOG IRCW CWOG 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

CWO CWO CWO 

CWO CWO CWO 

GAPS GAPS GAPS 

GAPS GAPS GAPS 

GAPS GAPS GAPS 

FW FW FW 

   

GAPS GAPS DES 

CWO CWO CWO 

RWRW RWRW RWRW 

CWO CWO CWO 

FW FW FW 

CWO CWO FW 

FW FW FW 

 

ARTICLE 2 

 

AA A1 A2 

GAPS GAPS BGR 

CWIG CWIG CWIG 

SCCW SCCW SCCW 

DES DES DES 

IRCW IRCW IRCW 

GAPS GAPS GAPS 

   

GAPS GAPS DES 

IRCW IRCW IRCW 

GAPS GAPS GAPS 

   

GAPS GAPS GAPS 

DES CWO DES 

UOCW UOCW UOCW 

IRCW IRCW IRCW 

   

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

CWOG CWOG IRCW 

IRCW IRCW IRCW 

IRCW IRCW CCW 

   

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 
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GAPS DES GAPS 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

CWOG CWOG IRCW 

IRCW IRCW IRCW 

IRCW IRCW CCW 

   

DES DES GAPS 

IRCW IRCW IRCW 

CWOG CWOG IRCW 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

   

DES DES DES 

CWO CWO DES 

IRCW UOCW IRCW 

IRCW IRCW IRCW 

DES CWO DES 

DES DES DES 

DES DES DES 

DES CWO DES 

   

DES CWO DES 

DES GAPS DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

   

GAPS GAPS DES 

DES CWO DES 

DES DES DES 

DES DES DES 

DES DES DES 

GAPS GAPS GAPS 

IRCW IRCW IRCW 

   

DES DES DES 

CWO CWO CWO 

IRCW IRCW IRCW 

GAPS GAPS CWO 

FW FW FW 

FW FW FW 

FW FW FW 

 

 

ARTICLE 3 

 

AA A1 A2 

BGR BGR BGR 

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

   

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

GAPS GAPS DES 

IRCW IRCW IRCW 

DES DES CWO 

DES DES CWO 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

BGR BGR DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

   

DES GAPS BGR 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

BGR BGR BGR 

IRCW IRCW IRCW 

UOCW UOCW UOCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

BGR BGR BGR 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

   

DES CWO CWO 

IRCW RWRW UOCW 

DES DES DES 

CWO CWO DES 

DES DES DES 

IRCW RWRW IRCW 

DES DES CWO 

DES DES DES 

IRCW IRCW UOCW 

DES DES DES 

DES DES DES 

CWO CWO CWO 

   

DES DES GAPS 

DES CWO DES 

IRCW RWRW IRCW 

CWO CWO DES 

GAPS GAPS DES 

FW FW FW 

   

CWO CWO CWO 

CWO CWO CWO 

RWRW RWRW RWRW 
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DES DES DES 

CWOG CWOG CWOG 

CWO CWO CWO 

   

CWIG CWIG IRCW 

DES FW DES 

   

CWO CWO CWO 

IRCW RWRW IRCW 

IRCW IRCW IRCW 

CWO CWO CWO 

   

FW FW FW 

RWRW RWRW IRCW 

RWRW RWRW IRCW 

   

GAPS GAPS DES 

IRCW RWRW IRCW 

   

GAPS GAPS DES 

DES DES DES 

DES DES DES 

IRCW RWRW IRCW 

 

ARTICLE 4 

 

AA A1 A2 

CWO CWO BGR 

DES DES DES 

DES DES DES 

CWOG CWOG CWOG 

DES DES DES 

DES DES DES 

   

CWOG CWOG IRCW 

GAPS GAPS GAPS 

DES DES DES 

   

DES DES BGR 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

   

GAPS GAPS GAPS 

GAPS GAPS GAPS 

GAPS GAPS GAPS 

GAPS GAPS GAPS 

DES DES DES 

GAPS GAPS GAPS 

GAPS GAPS GAPS 

CWIG CWIG CWIG 

CWO CWO DES 

   

UOCW UOCW UOCW 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

CWIG CWIG IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

GAPS GAPS DES 

   

DES DES DES 

UOCW UOCW UOCW 

   

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

   

IRCW IRCW IRCW 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

   

DES DES DES 

CWOG CWOG CWOG 

DES DES DES 

   

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

IRCW IRCW IRCW 

GAPS GAPS GAPS 

   

UOCW UOCW UOCW 

UOCW UOCW UOCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

   

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

   

IRCW IRCW IRCW 

GAPS GAPS DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

   

DES DES DES 

UOCW UOCW UOCW 

DES DES DES 

DES DES DES 

   

UOCW UOCW UOCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

CWOG CWOG CWOG 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

UOCW UOCW UOCW 

DES DES DES 

DES DES DES 

GAPS GAPS GAPS 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES CWO CWO 

DES CWO CWO 

CWOG RWRW RWRW 

DES CWO CWO 

DES CWO CWO 

   

DES CWO CWO 

IRCW RWRW RWRW 

IRCW RWRW RWRW 

DES DES DES 

DES DES DES 

DES CWO CWO 

 

ARTICLE 5 
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AA A1 A2 

BGR BGR GAPS 

GAPS GAPS GAPS 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

GAPS GAPS GAPS 

CWIG GAPS GAPS 

DES DES DES 

CWOG CWOG CWOG 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

CWO CWO CWO 

DES DES DES 

UOCW UOCW UOCW 

DES CWO CWO 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

GAPS GAPS GAPS 

IRCW IRCW IRCW 

DES GAPS GAPS 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

   

IRCW IRCW IRCW 

   

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

GAPS GAPS DES 

   

DES DES DES 

IRCW IRCW UOCW 

GAPS DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

UOCW UOCW UOCW 

   

IRCW IRCW IRCW 

SCCW CWIG SCCW 

   

DES DES DES 

UOCW UOCW IRCW 

   

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

   

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

   

CWO CWO CWO 

DES DES DES 

UOCW UOCW UOCW 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES CWO 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

DES DES DES 

 

ARTICLE 6 

 

AA A1 A2 

GAPS GAPS GAPS 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

CWOG IRCW IRCW 

DES DES DES 

GAPS GAPS DES 

DES DES DES 

   

GAPS GAPS GAPS 

SCCW SCCW SCCW 

DES DES DES 

CWOG CWOG CWOG 

DES DES DES 

   

DES DES DES 

DES DES DES 

GAPS DES GAPS 

DES DES DES 

DES DES DES 

UOCW UOCW UOCW 

DES DES DES 

DES DES DES 

   



293 

 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

GAPS GAPS GAPS 

IRCW IRCW IRCW 

DES DES DES 

CWIG CWIG CWIG 

IRCW IRCW RWRW 

CWOG CWOG CWOG 

   

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

IRCW IRCW RWRW 

DES DES DES 

DES DES DES 

DES DES CWO 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

UOCW IRCW UOCW 

DES DES DES 

   

DES DES DES 

IRCW IRCW CWOG 

DES DES DES 

DES DES CWO 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

UOCW UOCW CWOG 

   

IRCW IRCW IRCW 

SCCW SCCW SCCW 

   

DES DES DES 

UOCW UOCW UOCW 

   

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

   

DES DES DES 

IRCW IRCW CWOG 

DES DES DES 

DES DES DES 

DES DES CWO 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

   

CWO CWO GAPS 

DES DES DES 

UOCW UOCW UOCW 

DES DES DES 

   

DES DES DES 

DES DES GAPS 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

CWO CWO CWO 

FW FW DES 

   

DES DES DES 

DES DES DES 

DES DES CWO 

DES DES CWO 

IRCW IRCW CWOG 

IRCW IRCW IRCW 

DES DES DES 

 

ARTICLE 7 

 

AA A1 A2 

BGR BGR BGR 

IRCW CWOG IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

BGR BGR BGR 

GAPS GAPS GAPS 

CWIG CWIG CWIG 

GAPS GAPS DES 

CWO CWO CWO 

CWO CWO CWO 

   

BGR BGR BGR 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

   

DES GAPS DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

   

DES BGR DES 

IRCW IRCW IRCW 

DES DES DES 

CWOG CWOG IRCW 

DES DES DES 

CWOG CWOG IRCW 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

IRCW IRCW IRCW 

CWOG CWOG CWOG 

   

IRCW CWOG IRCW 

DES DES DES 

DES DES DES 

DES DES DES 



294 

 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

CWOG CWOG CWOG 

DES CWO DES 

DES CWO DES 

DES CWO DES 

   

DES DES DES 

IRCW CWOG IRCW 

IRCW CWOG IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

IRCW CWOG IRCW 

   

UOCW UOCW UOCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

GAPS GAPS DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

IRCW IRCW IRCW 

   

DES DES DES 

DES DES DES 

UOCW UOCW RWRW 

DES DES DES 

 

ARTICLE 8 

 

AA A1 A2 

IRCW IRCW IRCW 

DES DES DES 

CWOG CWOG CWOG 

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

   

CWOG IRCW CWOG 

IRCW IRCW IRCW 

   

DES DES DES 

GAPS GAPS GAPS 

CWOG CWOG CWOG 

IRCW IRCW IRCW 

DES DES DES 

   

CWOG CWOG IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

GAPS DES GAPS 

   

DES DES DES 

CWOG CWOG CWOG 

DES DES DES 

   

DES DES DES 

UOCW UOCW IRCW 

   

GAPS GAPS GAPS 

DES DES DES 

DES DES DES 

CWOG CWOG CWOG 

DES DES DES 

   

CWOG CWOG CWOG 

DES DES DES 

DES DES DES 

   

CWOG CWOG CWOG 

DES DES DES 

GAPS GAPS CWO 

DES DES CWO 

DES DES DES 

   

DES DES DES 

RWRW CWIG RWRW 

GAPS GAPS GAPS 

GAPS GAPS GAPS 

   

GAPS GAPS GAPS 

GAPS GAPS GAPS 

IRCW IRCW RWRW 

GAPS GAPS GAPS 

ARTICLE 9 

AA A1 A2 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

CWIG CWIG CWIG 

CWIG CWIG CWIG 

GAPS GAPS DES 

CWOG CWOG CWOG 

CWO DES CWO 

   

IRCW IRCW IRCW 

IRCW IRCW IRCW 

SCCW SCCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

CWIG CWIG IRCW 

   

IRCW IRCW IRCW 

SCCW SCCW SCCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

   

IRCW IRCW IRCW 

CWIG CWIG IRCW 

CWIG CWIG CWIG 

   

IRCW IRCW IRCW 

IRCW DES DES 

   



295 

 

DES DES DES 

UOCW UOCW UOCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

   

DES DES DES 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

IRCW IRCW IRCW 

   

DES DES DES 

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

DES DES DES 

   

DES DES DES 

DES DES DES 

GAPS GAPS GAPS 

IRCW IRCW IRCW 

   

CWO DES CWO 

IRCW IRCW IRCW 

CWO DES CWO 

   

CWO CWO CWO 

IRCW IRCW IRCW 

CWO CWO CWO 

CWO CWO CWO 

CWO CWO CWO 

CWO CWO CWO 

CWO CWO CWO 

CWO CWO CWO 

CWO CWO CWO 

CWO CWO CWO 

   

RWRW RWRW UOCW 

IRCW IRCW IRCW 

CWO CWO CWO 

UOCW UOCW UOCW 

   

IRCW IRCW IRCW 

DES DES DES 

DES DES DES 

   

CWO CWO CWO 

IRCW IRCW RWRW 

CWO CWO CWO 

   

CWO CWO CWO 

CWO CWO CWO 

CWO CWO CWO 

CWO CWO CWO 

CWIG CWIG RWRW 

   

CWO CWO CWO 

CWO CWO CWO 

CWIG CWIG RWRW 

CWO CWO CWO 

DES DES CWO 

 

 

 

. 



296 

 

Appendix 4-1 

 

 

Sentence Context Ontology for Related Work Sections (n3 format) 

@prefix xsd:     <http://www.w3.org/2001/XMLSchema#>. 

@prefix xsp:     <http://www.owl-ontologies.com 

 /2005/08/07/xsp.owl#> . 

@prefix sentcon: <http:// secml.otago.ac.nz/sentcon/ 

 spec/1.0/sentencecontext.owl#> . 

@prefix rdfs:   <http://www.w3.org/2000/01/ 

rdf-schema#> . 

@prefix rdf:    <http://www.w3.org/1999/02/ 

22-rdf-syntax-ns#> . 

@prefix owl:     <http://www.w3.org/2002/07/owl#> . 

 

<http://secml.otago.ac.nz/sentcon/spec/1.0/sentencecontext.owl#> 

      a       owl:Ontology . 

 

sentcon:Publication 

      a       rdfs:Class . 

 

sentcon:ShortcomingSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:CitationRelatedSentence . 

 

sentcon:Citation 

      a       rdfs:Class . 

 

sentcon:Sentence 

      a       rdfs:Class . 

 

sentcon:CitationRelatedSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:Sentence . 

 

sentcon:CurrentWorkShortcomingSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:ResultSentence . 

 

sentcon:DescriptiveSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:CitationRelatedSentence . 

 

sentcon:CitationSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:CitationRelatedSentence . 

 

sentcon:ResultSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:Sentence . 

 

sentcon:Author 
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      a       rdfs:Class . 

 

sentcon:AlternativeSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:CitationRelatedSentence . 

 

sentcon:BackgroundSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:Sentence . 

 

sentcon:hasAuthor 

      a       owl:ObjectProperty ; 

      rdfs:domain sentcon:Publication ; 

      rdfs:range sentcon:Author . 

 

sentcon:hasCitation 

      a       owl:ObjectProperty ; 

      rdfs:domain sentcon:Sentence ; 

      rdfs:range sentcon:Citation . 

 

sentcon:CurrentWorkShortcomingSentence 

      a       rdfs:Class ; 

      rdfs:subClassOf sentcon:ResultSentence . 

 

sentcon:hasSourceArticle 

      a       owl:ObjectProperty ; 

      rdfs:domain 

              [ a       owl:Class ; 

                owl:unionOf (sentcon:Sentence sentcon:Citation) 

              ] ; 

      rdfs:range sentcon:Publication . 

 

sentcon:relatedToCitationSentence 

      a       owl:ObjectProperty ; 

      rdfs:domain sentcon:CitationRelatedSentence ; 

      rdfs:range sentcon:CitationSentence . 

 

sentcon:hasSentenceFeature 

      a       owl:DatatypeProperty ; 

      rdfs:domain sentcon:Sentence ; 

      rdfs:range xsd:string . 

 

sentcon:sentenceText 

      a       owl:DatatypeProperty ; 

      rdfs:domain sentcon:Sentence ; 

      rdfs:range xsd:string . 

 

sentcon:hasLabel 

      a       owl:DatatypeProperty ; 

      rdfs:domain sentcon:Sentence ; 

      rdfs:range xsd:string . 

 

 

 



298 

 

Appendix 4-2 

 

Sentence Context Ontology for Sentences in Full Article (owl/xml Rendering) 

<?xml version="1.0"?> 

 

<!DOCTYPE rdf:RDF [ 

    <!ENTITY terms "http://purl.org/dc/terms/" > 

    <!ENTITY bibo "http://purl.org/ontology/bibo/" > 

    <!ENTITY owl "http://www.w3.org/2002/07/owl#" > 

    <!ENTITY xsd "http://www.w3.org/2001/XMLSchema#" > 

    <!ENTITY owl2xml "http://www.w3.org/2006/12/owl2-xml#" > 

    <!ENTITY rdfs "http://www.w3.org/2000/01/rdf-schema#" > 

    <!ENTITY rdf "http://www.w3.org/1999/02/22-rdf-syntax-ns#" > 

    <!ENTITY sentcon "https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#" >    

]> 

 

<rdf:RDF xmlns="https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#" 

     xml:base="https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl" 

     xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#" 

     xmlns:owl2xml="http://www.w3.org/2006/12/owl2-xml#" 

     xmlns:sentcon="https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#" 

     xmlns:bibo="http://purl.org/ontology/bibo/" 

     xmlns:terms="http://purl.org/dc/terms/" 

     xmlns:owl="http://www.w3.org/2002/07/owl#" 

     xmlns:xsd="http://www.w3.org/2001/XMLSchema#" 

     xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#" 

    <owl:Ontology rdf:about=""> 

        <owl:imports rdf:resource="http://purl.org/ontology/bibo/"/> 

    </owl:Ontology> 

 

    <!--  

    // Annotation properties 

     --> 

 

    <owl:AnnotationProperty rdf:about="&terms;description"/> 

 

    <!--  

    // Object Properties 

     -->  

 

    <!-- http://purl.org/ontology/bibo/cites --> 

    <owl:ObjectProperty rdf:about="&bibo;cites"> 

        <rdfs:domain rdf:resource="CitationSentence"/> 

    </owl:ObjectProperty> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#hasFollowingCitationSentence --> 
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    <owl:ObjectProperty rdf:about="hasFollowingCitationSentence"> 

        <terms:description 

            >This property relates a citation sentence to the following citation sentence in the 

paragraph</terms:description> 

        <rdfs:range rdf:resource="CitationSentence"/> 

        <rdfs:domain rdf:resource="CitationSentence"/> 

    </owl:ObjectProperty> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#hasFollowingDescriptionSentence --> 

    <owl:ObjectProperty rdf:about="hasFollowingDescriptionSentence"> 

        <terms:description 

            >This property relates a citation sentence to the following description sentences in the 

paragraph</terms:description> 

        <rdfs:domain rdf:resource="CitationSentence"/> 

        <rdfs:range rdf:resource="DescriptionSentence"/> 

    </owl:ObjectProperty> 

 

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#hasFollowingIssueSentence --> 

 

    <owl:ObjectProperty rdf:about="hasFollowingIssueSentence"> 

        <terms:description 

            >This property relates a citation sentence to the following issue sentences in the 

paragraph</terms:description> 

        <rdfs:domain rdf:resource="CitationSentence"/> 

        <rdfs:range rdf:resource="IssueSentence"/> 

    </owl:ObjectProperty> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#hasFollowingShortcomingSentence --> 

 

    <owl:ObjectProperty rdf:about="hasFollowingShortcomingSentence"> 

        <terms:description 

            >This property relates a citation sentence to the following shortcoming sentences, which appear 

before the next citation sentence in the paragraph</terms:description> 

        <rdfs:domain rdf:resource="CitationSentence"/> 

        <rdfs:range rdf:resource="ShortcomingSentence"/> 

    </owl:ObjectProperty> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#hasPrecedingCitationSentence --> 

 

    <owl:ObjectProperty rdf:about="hasPrecedingCitationSentence"> 

        <terms:description 

            >This property relates a citaion sentence to the preceding citation sentence in the 

paragraph</terms:description> 

        <rdfs:range rdf:resource="CitationSentence"/> 

        <rdfs:domain rdf:resource="CitationSentence"/> 

    </owl:ObjectProperty> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#hasPrecedingIssueSentence --> 

 

    <owl:ObjectProperty rdf:about="hasPrecedingIssueSentence"> 

        <terms:description 
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            >This property relates a citation sentence to the preceding issue sentences in the 

paragraph</terms:description> 

        <rdfs:domain rdf:resource="CitationSentence"/> 

        <rdfs:range rdf:resource="IssueSentence"/> 

    </owl:ObjectProperty> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#hasPrecedingShortcomingSentence --> 

 

    <owl:ObjectProperty rdf:about="hasPrecedingShortcomingSentence"> 

        <terms:description 

            >This property relates a citation sentence to the preceding shortcoming sentences in the 

paragraph.</terms:description> 

        <rdfs:domain rdf:resource="CitationSentence"/> 

        <rdfs:range rdf:resource="ShortcomingSentence"/> 

    </owl:ObjectProperty> 

     

    <!--  

    // Data properties 

     --> 

 

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#keywords --> 

    <owl:DatatypeProperty rdf:about="#keywords"/> 

 

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#normalizedReference --> 

    <owl:DatatypeProperty rdf:about="#normalizedReference"/> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#reference --> 

    <owl:DatatypeProperty rdf:about="#reference"/> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#sentid --> 

    <owl:DatatypeProperty rdf:about="#sentid"/> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#year --> 

    <owl:DatatypeProperty rdf:about="#year"/> 

 

    <!--  

    // Classes 

     --> 

 

    <!-- http://purl.org/ontology/bibo/Excerpt --> 

 

    <owl:Class rdf:about="&bibo;Excerpt"/> 

 

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#Author --> 

    <owl:Class rdf:about="Author"/> 

  

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentence --> 

    <owl:Class rdf:about="CitationSentence"> 

        <rdfs:subClassOf rdf:resource="&bibo;Excerpt"/> 

    </owl:Class> 
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    <!-- https://info-nts-

12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentenceCitesWorksIdentifyingGaps --> 

    <owl:Class rdf:about="CitationSentenceCitesWorksIdentifyingGaps"> 

        <rdfs:subClassOf rdf:resource="CitationSentence"/> 

        <terms:description 

            >Citation sentences that cite works which identify gaps in the research area addressed in the 

article</terms:description> 

    </owl:Class> 

 

    <!-- https://info-nts-

12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentenceCitesWorksOvercomingGaps --> 

    <owl:Class rdf:about="CitationSentenceCitesWorksOvercomingGaps"> 

        <rdfs:subClassOf rdf:resource="CitationSentence"/> 

        <terms:description 

            >Citation sentences that cite works which overcome the identified gaps</terms:description> 

    </owl:Class> 

 

    <!-- https://info-nts-

12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentenceCitesWorksRelatedToIssues --> 

    <owl:Class rdf:about="CitationSentenceCitesWorksRelatedToIssues"> 

        <rdfs:subClassOf rdf:resource="CitationSentence"/> 

        <terms:description 

            >Citation sentences that cite works related to issues addressed in the research 

article</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentenceComparesCitedWorks --> 

    <owl:Class rdf:about="CitationSentenceComparesCitedWorks"> 

        <rdfs:subClassOf rdf:resource="CitationSentence"/> 

        <terms:description 

            >Citation sentences that compare cited works</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-

12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentenceComparesResultsToCitedWork --> 

    <owl:Class rdf:about="CitationSentenceComparesResultsToCitedWork"> 

        <rdfs:subClassOf rdf:resource="CitationSentence"/> 

        <terms:description 

            >Citation sentences that compares results of teh current work to the cited 

work</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-

12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentenceIdentifiesShortcomingsInCitedWork --> 

    <owl:Class rdf:about="CitationSentenceIdentifiesShortcomingsInCitedWork"> 

        <rdfs:subClassOf rdf:resource="CitationSentence"/> 

        <terms:description 

            >Citation sentences that identifies shortcomings or research gaps in the cited 

work</terms:description> 

    </owl:Class> 
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    <!-- https://info-nts-

12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentenceOvercomesGapsInCitedWork --> 

    <owl:Class rdf:about="CitationSentenceOvercomesGapsInCitedWork"> 

        <rdfs:subClassOf rdf:resource="CitationSentence"/> 

        <terms:description 

            >Citation sentences that state how the current work overcomes shortcomings or research gaps 

identified in the cited work</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#CitationSentenceUsesOutputsInCitedWork 

--> 

    <owl:Class rdf:about="CitationSentenceUsesOutputsInCitedWork"> 

        <rdfs:subClassOf rdf:resource="CitationSentence"/> 

        <terms:description 

            >Citation sentences that discuss how the current work uses output from the cited 

work</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#CurrentWorkOutcomeSentences --> 

    <owl:Class rdf:about="CurrentWorkOutcomeSentences"> 

        <rdfs:subClassOf rdf:resource="NonCitationSentence"/> 

        <terms:description 

            >Non-citation sentences that refer to the outcome or results of the current 

paper</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#CurrentWorkShotrcomingSentence --> 

    <owl:Class rdf:about="CurrentWorkShotrcomingSentence"> 

        <rdfs:subClassOf rdf:resource="NonCitationSentence"/> 

        <terms:description 

            >Non-citation sentences that refer to the shortcomings or research gaps in the current 

paper</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#DescriptionSentence --> 

    <owl:Class rdf:about="DescriptionSentence"> 

        <rdfs:subClassOf rdf:resource="NonCitationSentence"/> 

        <terms:description 

            >Non-citation sentences that further describe the earlier cited work</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#FutureWorkSentence --> 

    <owl:Class rdf:about="FutureWorkSentence"> 

        <rdfs:subClassOf rdf:resource="NonCitationSentence"/> 

        <terms:description 

            >Non-citation sentences that refer to potential future work following from the current 

paper</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#IssueSentence --> 

    <owl:Class rdf:about="IssueSentence"> 



303 

 

        <rdfs:subClassOf rdf:resource="NonCitationSentence"/> 

        <terms:description 

            >Non-citation sentences that identify the issues addressed in the reseach paper. These could be 

either background issues or issues raised by the author of the article</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#MethodologyDescriptionSentence --> 

    <owl:Class rdf:about="MethodologyDescriptionSentence"> 

        <rdfs:subClassOf rdf:resource="NonCitationSentence"/> 

        <terms:description 

            >Non-citation sentences that refer to the methodology adopted in the research 

article</terms:description> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#NonCitationSentence --> 

    <owl:Class rdf:about="NonCitationSentence"> 

        <rdfs:subClassOf rdf:resource="&bibo;Excerpt"/> 

    </owl:Class> 

     

    <!-- https://info-nts-12.otago.ac.nz:8090/spec/sentcon.owl#ShortcomingSentence --> 

    <owl:Class rdf:about="ShortcomingSentence"> 

        <rdfs:subClassOf rdf:resource="NonCitationSentence"/> 

        <terms:description 

            >Non-citation sentences that refer to shortcomings or research gaps, which could be either in the 

related research area or the cited work in the research article</terms:description> 

    </owl:Class> 

</rdf:RDF> 
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Appendix 5-1 

 

List of Articles used for Developing Training Data for Sentences in Related Work Sections 

in the Article 
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AIRS 2009, Lecture Notes in Computer Science 5839 (pp. 13-25). Springer-Verlag, Berlin 

Heidelberg. 
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organizing Networks. ADHOC-NOW 2009, Lecture Notes in Computer Science 5793 (pp. 42-

54). Springer-Verlag, Berlin Heidelberg. 
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