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Abstract 

The emergence of the Social Web and social collaborative cataloging web applications have 

changed the way books are described, discovered and accessed. These applications present 

books not only through the bibliographic descriptions or professional metadata but also allow 

users to describe these resources through user-generated content or social metadata. This 

social practice has attracted researchers under the broader topic of Social Book Search to 

make it part of the book retrieval process aiming to improve the relevance of search results 

and understand the impact of the Social Web on the search performance. For this purpose, the 

classical Information Retrieval (IR) approaches are employed to produce an initial set of 

search results, which are re-ranked using the social metadata to see if the search relevance 

gets improved. Although numerous studies found that the social metadata improves over the 

baseline run, they are unable to exploit fully the potential role of the query-document 

representation and weighting model, which questions the credibility of such a conclusion. 

Also, in re-ranking, most of the studies evaluated and compared different metadata features to 

produce better search results but remained silent about the final shape of re-ranking. 

To fill these gaps in the literature, this research work considers the contribution of the query-

document representation and weighting model to the fullest to produce a strong classical 

baseline run and re-ranks it using a multifeatured fusion of different social metadata features. 

Our best-performing baseline and re-ranking runs outperform the existing approaches on 

several topics sets and relevance judgments. The findings suggest that the best document 

representation can be achieved if the social metadata is made part of the search index. The 

best query representation is achieved using all-topic-fields. The relevance of search results 

improves with re-ranking the best-performing baseline runs. These findings have implications 

for researchers working in Libraries, Information Science, IR, and Interactive IR.  
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Chapter 1 : Introduction 

The Social Web has changed the digital landscape of book retrieval and the associated 

search behavior of users [1]. The emergence of the social collaborative cataloging web 

applications including Amazon
1
, LibraryThing

2
 and GoodReads

3
 have made book retrieval 

more interesting [1]. On these websites, users discuss their information needs and ask for 

suggestions on books, where others with similar interests and preferences recommend 

books. Similarly, the books are described using not only the bibliographic descriptions 

(professional metadata) but also through the social metadata in the form of ratings, tags, 

and reviews [1], which help users in assessing the relevance of the books against their 

information needs.  

This social practice has resulted in several datasets. The most popular and widely used for 

the book retrieval experiments is the Amazon/LibraryThing (A/LT) dataset having 

professional metadata from Amazon and social metadata from LibraryThing together with 

topics sets and relevance judgments [2-10]. It has 2.8 million book records in the form of 

XML (eXtensible Markup Language) documents each having 67 metadata fields [11-13]. 

The addition of this social component has attracted researchers from several domains 

including Libraries, Information Science, Information Retrieval (IR), and Human-

Computer Interaction (HCI) under the broader topic of Social Book Search (SBS) to make 

it part of library catalogs, book retrieval, and to study the search behavior of users while 

                                                 
1 https://www.amazon.com 
2 https://www.librarything.com 
3 https://www.goodreads.com 

"The last thing that we find in making a book is to know what 

we must put first." – Blaise Pascal 
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they interact with the rich metadata collection. The aim is to support users in searching 

and browsing digital book collections and complementary social media to understand: 

How the Social Web affects retrieval performance [2]?  Motivated by this research 

question, this thesis aims to investigate how the Social Web has affected the digital 

landscape of library catalogs as it has become a hot debate that social metadata should be 

made part of library catalogs especially in the realm of Linked and Open Data. In addition, 

the thesis extends the works of researchers by exploring, in more detail, the impact of the 

Social Web on the search behavior of users while interacting with the social metadata for 

searching relevant books as well as on the search performance regarding the retrieval of 

relevant books. This chapter is an introduction to work presented in this thesis starting 

from the motivation and need for this work in Section 1.1, aims and objectives in Section 

1.2, significance and research contributions in Section 1.3, thesis organization in Section 

1.4 and finally a summary of this chapter in Section 1.5. 

1.1 Motivation and Need 

Researchers have exploited the A/LT collection in diverse ways to improve the book 

search experience of the users by retrieving more relevant books. Koolen et al. [14] 

studied the contribution of topic fields in different combinations against the index of all 

metadata fields. They found that running the topic’s title, query and group fields against 

the index gives the overall best search results. Re-ranking based on ratings further 

improves retrieval performance [14]. Bogers et al. [11] studied the contribution of 

document representation in book retrieval by indexing nineteen metadata fields. They 

generated six indexes including metadata index using title, series, editorial, creator, 

character, publisher, place, and award; controlled-metadata index using subject, browse 

node, and dewey fields; content index using first words, blurber, last words, quotation and 
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epigraph; tags index using tags; reviews index using the review field; and all-document-

fields index using all the selected metadata fields. The topic’s title, group, and narrative 

fields are run in different combinations against the indexes resulting in twenty-four 

baseline runs. They found that running all-topic-fields against the all-document-fields 

index outperforms the remaining baseline runs. Reviews perform better than other social 

signals such as ratings in re-ranking the baseline search results. 

Hafsi et al. [15] studied the role of retrieval model by indexing isbn, title, summary, 

content, and tag fields in generating twenty-one baseline runs. Among these twenty were 

ranked using BM25 (BM: Best Matching) and one using BM25F (F: Fielded) ranking 

model [15]. The fielded baseline run using the title, query, and narrative fields against the 

all-document-fields index outperformed all other baseline runs and could not be beaten by 

re-ranking based on ratings and the similarity among users. Kazai and Milic-Frayling [16] 

also found BM25F useful in book retrieval. They exploited the book structure semantics in 

fielded textual baseline using BM25F by dividing book content into six logical parts 

including Table of Contents (TOC), header lines, footer notes, body, index, and 

bibliography. The baseline search results were re-ranked using the number of libraries and 

publishers holding the book, best-selling lists, awards lists, editions, reprints, price, 

average rating, number of reviews and number of book pages viewed. The average 

reprints and ratings produced the best re-ranking results. 

Bogers et al. [17] compared tags and controlled vocabularies. They found that the former 

performs better but gives more relevant search results if combined. Combining these with 

professional metadata and reviews gives the overall best results [17]. A similar study [18] 

observed that combining search results from tags and reviews perform better than using 
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them individually. Re-ranking using the number of likes, ratings, and number of shares 

further improves search performance [18]. 

Summarizing, each SBS experiment consists of two primary steps: developing a book 

retrieval baseline and re-ranking it using social metadata. The baseline retrieval uses 

different ranking models including Term Frequency-Inverse Document Frequency (TF-

IDF), BM25, BM25F or the default ranking function of the search engine tool. However, 

only few studies [19, 20] emphasize on producing strong baseline runs. In this regard, if 

we look at the existing studies, the fielded retrieval gives the best results whether applied 

to book content [16, 21] or all metadata fields [12, 15, 22]. The former exploits the book 

structure semantics (although limited in number and granularity) and is unable to index the 

social metadata. The latter uses professional and social metadata but ignores the book 

structure semantics. Therefore, it becomes necessary to develop a strong classical book 

retrieval baseline by considering the book structure and the associated metadata together 

with the contribution of the topic representation and retrieval model to assess their impact 

on the relevance of search results, to identify the boundaries and limitations of classical 

IR, and to understand how the Social Web can further improve search relevance. Also, the 

literature is silent about the final shape of the re-ranking model and is limited only to 

measure the significance of one metadata feature over the other. To the best of my 

knowledge, none of the existing studies tried to answer the most prominent research 

question of how the available metadata features can be exploited together in re-ranking the 

baseline search results. The development of such a re-ranking model is the need of the 

day. 
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1.2 Aims and Objectives 

The following were the main objectives of this work: 

 To investigate the role of the Social Web in reshaping the digital landscape of 

libraries, book retrieval and the associated search behavior of the users. 

 To develop a strong classical book retrieval baseline by exploiting the structure 

semantics, bibliographic descriptions, and social metadata of the books. 

 To develop a re-ranking model using a multifeatured fusion of professional and 

social metadata to reorder the baseline search results for an improved Social Book 

Search experience. 

1.3 Significance and Research Contributions 

This research work has a two-fold significance. First, it adds to the body of knowledge by 

investigating how the Social Web can be beneficial for libraries and book retrieval 

solutions. It helps in understanding the information needs of users while they interact with 

professional and social metadata. Second, it improves the book retrieval experience of the 

users by exploiting the book structure and the associated bibliographic and social metadata 

in finding more relevant books. The following are the key contributions of this work: 

1. Libraries and the Social Web: The thesis studies the current state of library 

catalogs by discussing how these are made part of the Linked Open Data (LOD) 

cloud, what research opportunities it brings from researchers and librarians, and 

how the Social Web i.e., the user-generated content including tags, ratings, and 

reviews can be made part of professionally-curated library catalogs to help users 

find relevant books easily. Some of the main findings of this study include: Linked 

and Open Data is becoming the mainstream trend in library cataloging especially 

in the major libraries and research projects of the world; with the emergence of 
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Linked Open Vocabularies (LOV), the bibliographic metadata is becoming more 

meaningful and reusable; and, finally, enriching bibliographic metadata with social 

metadata is gaining momentum. Conclusions drawn from the study include the 

need for a focus on the quality of cataloged knowledge and the reduction of the 

barriers to the publication and consumption of such knowledge, and the attention 

on the part of library community to the learning from the successful adoption of 

LOD in other application domains and contributing collaboratively to the global 

scale activity of cataloging. 

2. The Search Behavior of Users: The thesis reports on the book search behavior of 

users by reviewing research publications related to the Interactive SBS by 

summarizing and visualizing the experimental structure, search systems, datasets, 

demographics of participants, and findings to identify the research trends and 

possible future directions. Based on the collected evidence, it attempts to answer 

how the search system, user interface (UI), and the nature of tasks affect the book 

search behavior of users. The study is the first of its kind that attempts to 

understand the book search behavior of users in SBS context with implications for 

usability experts and others working in UI design, web search engines, book search 

engines, digital libraries, collaborative social cataloging websites, and e-Commerce 

applications.  

3. The Social Book Search: Social media has changed the digital landscape of book 

retrieval and recommendation on the Web. Researchers in IR in general and SBS 

in specific have been working on to come up with automated and better solutions 

that use the available professional and social metadata. These efforts are given in-

depth and comprehensive coverage from its origin to the present day by critically 



7 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

and analytically reviewing the academically significant relevant research 

contributions. The retrieval methods, evaluation methodology, and their best-

performing runs regarding different evaluation metrics are covered in detail. The 

current trends, as well as research challenges and opportunities, are also 

contributed to researchers working in this future-proof area of research and 

development. 

4. Classical Book Retrieval Baseline: In the quest of finding an adequate answer to 

the most prominent research question regarding Social Book Search “How the 

social metadata affects book search?” each SBS experiment first produces an initial 

set of search results by applying classical IR approach and then re-ranks it using 

the social metadata. The classical IR employs query-document matching and 

traditional retrieval models to develop the baseline retrieval run. However, in 

employing the classical IR, the existing literature fails to fully exploit and consider 

the contributions of query-document representation and retrieval/weighting model, 

which makes it challenging to assess if the social metadata actually improves book 

retrieval. Therefore, the thesis attempts to develop a strong classical book retrieval 

baseline by exploiting book structure, bibliographic descriptions and social 

metadata (for considering the role of document representation) extracted from the 

A/LT dataset along with considering the contribution of topic (query) 

representation and retrieval/weighting model. The thesis develops two hundred and 

forty baseline runs on the original A/LT collection. Our best-performing run gives 

an nDCG@10 = 0.4904 on 2011 topics set and relevance judgments showing that 

using all topic fields for topic representation, social metadata for indexing and 

BM25 as the baseline weighting model for ranking gives the best results compared 
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to others. Also, our best-performing runs outperform the available baseline runs on 

2011-12 and 2014-15 topics sets and relevance judgments, which is an evidence 

that the development of a strong classical baseline run is among the major pillars in 

conducting any SBS experiments.  

5. Multifeatured Fusion-based Re-ranking: After developing a strong classical IR 

baseline run, the next logically significant step is to re-rank the initial search 

results using the social metadata so that the question regarding whether re-ranking 

using social metadata actually beats a stronger classical IR run could be addressed 

effectively, accurately and precisely. In this regard, the existing studies compare 

only the metadata features and to the best of our knowledge, unable to exploit them 

together to obtain the final shape of the re-ranking model. Therefore, the baseline 

search results produced in the previous step were re-ranked using the proposed re-

ranking approach, which resulted in significant improvements in re-ranking scores 

in terms of nDCG@10 on A/LT collection. In addition, the proposed re-ranking 

runs outperformed the existing studies on 2011-12 topics sets and stand second and 

fifth on 2014 and 2015 topics set, respectively. The results show that re-ranking the 

baseline search results using the social metadata significantly improves the 

relevance of search results on A/LT collection in terms of all evaluation metrics 

except Mean Average Precision (MAP) and recall (R@1000). A positive but not 

significant improvement was observed in relevance on the updated subset of A/LT 

collection. More details can be found in Part-II of this thesis. 

6. Research Directions: Besides the exploration of the relevant literature and SBS 

experiments regarding developing stronger classical IR runs and re-ranking model, 

the thesis also attempts to contribute future avenues of research and development. 
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These research avenues are presented regarding resource description, discovery & 

access in libraries, in understanding the search behavior of book readers while 

searching for books on the Social Web as well as the social aspect of book IR, i.e., 

to develop more prominent and useful SBS applications. 

1.4 Thesis Organization 

Figure 1.1 shows the organization of the thesis, which is organized into two major parts 

and seven chapters. Chapter 1 introduced the area and topic in general, the aims & 

objectives as well as the research contributions made as part of this work. 

 

Figure 1.1: Thesis Organization 

The Part I: Books and the Social Web presents a comprehensive literature review to 

achieve the first objective of this work by investigating the role of Social Web in: (1) 

reshaping the digital landscape of library catalogs, (2) understanding the search behavior 

of users while interacting with the rich collection of professional and social metadata; and 
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(3) its impact on the retrieval of relevant books. These three aspects are respectively 

covered in three chapters to answer several prominent research questions. Among these, 

Chapter 2 attempts to address: How Linked Open Data and Vocabularies are 

transforming the digital landscape of library catalogs? What are the prominent/major 

issues, challenges, and research opportunities in publishing and consuming bibliographic 

metadata as Linked and Open Data? What is the possible impact of extending 

bibliographic metadata with the social metadata and making it visible on the LOD cloud? 

Chapter 3 addresses: What is the current state of Interactive SBS in understanding book 

search behavior of the users on the Web and other digital environments? What research 

implications can we draw from the findings under the Interactive SBS? Chapter 4 

addresses: What social and semantic approaches have been adopted for book search and 

recommendations in the SBS context? What are the current trends and future research 

avenues in SBS regarding book retrieval and recommendation? 

The Part II: Development and Evaluation presents the proposed SBS experiments with 

the aim to develop a strong classical book retrieval baseline and re-ranking it with the 

proposed re-ranking approach. It consists of two chapters. Chapter 5 presents in detail the 

experimental setup of the baseline and re-ranking SBS experiments, the implementation 

using the Terrier IR platform [23-26], and evaluation with A/LT dataset and evaluation 

metrics. Chapter 6 presents the results and compares our baseline and re-ranking runs 

with best-performing runs published in the SBS literature. Based on the collected 

evidence, it presents a detailed discussion and analysis, which the interested readers may 

find beneficial towards setting their research goals and experiments. 
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Chapter 7 concludes the thesis and summarizes its findings. It sets the stage for future 

work in this future-proof area of book retrieval and recommendation. 

1.5 Summary 

The Social Web has changed the digital landscape of book retrieval and the associated 

search behavior of users [1]. Like other fields of life, it has affected significantly the 

online book search and retrieval practices and has a greater role in reshaping libraries, 

book retrieval and recommendation services [1]. The rich collection of the social metadata 

in the form of ratings, votes, tags, and reviews have attracted researchers from diverse 

research areas under Social Book Search “to support users in searching and browsing 

digital book collections and complementary social media [2-10].” This research thesis 

focuses on investigating the impact of the Social Web on library catalogs, the book search 

behavior of online users, and on the search performance of book retrieval solutions in 

terms of relevance. In line with this research agenda, this chapter introduced the topic in 

general and highlighted the main objectives and contributions of this work, which are to be 

achieved in the coming two parts of the thesis. The chapter also outlined the structure of 

the thesis and research questions to be addressed in the corresponding chapters. The Part-I 

of the thesis consists of three chapters. Chapter 2 presents the current state of library 

catalogs in the realm of Linked Open Data and Vocabularies and the potential role of the 

social metadata if made part of the library catalogs. The next two chapters uncover the 

findings of the available research works with a focus on the impact of the Social Web in 

understanding the search behavior of users while searching for books in social cataloging 

web applications as well as on the retrieval of relevant books.  
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Part-I: Background and Literature 

Review 

 

 

  

“Books are the quietest and most constant of 

friends; they are the most accessible and wisest of 

counselors, and the most patient of teachers.”  

― Charles W. Eliot 
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Chapter 2 : The Changing Landscape of 

Libraries 

The catalogers, librarians, and information science professionals have always been busy 

defining the set of rules, guidelines, and standards to record the metadata about knowledge 

artifacts accurately, precisely, and efficiently. With the emergence of the Semantic Web 

and Linked Open Data (LOD), libraries have been able to make their bibliographic data 

publishable and consumable on the Web, resulting in an increased understanding and 

utility both for humans and machines [27]. Additionally, the use of Linked Data principles 

of LOD has allowed connecting related data on the Web [28]. Traditional catalogs as 

collections of metadata about library content have served the same purpose for a long time 

[29]. It is, therefore, natural to establish a link between the two technologies and exploit 

the capabilities of LOD to enhance the power of cataloging services. In this regard, 

significant milestones have been achieved, which includes the use of Linked and Open 

Data principles for publishing and linking library catalogs, BIBFRAME, and Europeana 

Data Model (EDM) [27, 30, 31]. However, the potential of Linked and Open Data for 

building more efficient libraries and the challenges involved in that direction are mostly 

unknown due to the lack of a holistic view of the relationship between cataloging and the 

LOD initiative and the advances made in both areas. Likewise, the possibility of enriching 

the bibliographic metadata with user-generated content or social metadata such as ratings, 

“This whole phenomenon of the computer in a 

library is an amazing thing.” 

― Bill Gates 
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tags, and reviews to facilitate the known-item and exploratory search has not received 

much attention [32]. It is, therefore, inevitable to study this changing landscape of library 

catalogs in the current realm of Social and Semantic Web as well as Linked Open Data. In 

line with this need, this chapter adds to the body of knowledge by trying to answer three 

research questions: How LOD and Linked Open Vocabularies (LOV) are transforming the 

digital landscape of library catalogs? What are the prominent/key issues, challenges, and 

research opportunities in publishing and consuming bibliographic metadata as Linked and 

Open Data? What is the possible impact of extending bibliographic metadata with the 

social metadata and making it visible on the LOD cloud? Please note that the answers to 

the first two questions gives the background necessary for answering the third question 

about the role of the Social Web in reshaping the digital landscape of the libraries by 

adding the social metadata to their catalogs and making them available as Linked and 

Open Data. Regarding the general challenges, issues, and research opportunities in Linked 

and Open Data, the interested readers are advised to read our latest research article [33], 

which also serves as the background to learn more about Semantic Web and Linked Open 

Data. This chapter makes up of three main sections. Section 2.1, 2.2 and 2.3 answer the 

first, second and third research question, respectively. Section 2.4 concludes the chapter. 

2.1 The Role of Linked Open Data and Vocabularies in Cataloging 

The Anglo-American Cataloging Rules 2nd edition (AACR2) are among the widely used 

rules and guidelines for cataloging. However, it has several issues with the nature of 

authorship, the relationships between bibliographic metadata, the categorization of format-

specific resources, and the description of new data types [29]. In an attempt to produce its 

revised version, AACR3, the cataloging community noticed that a new framework should 

be developed with the name of Resource Description and Access (RDA) [29]. Based on 
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Functional Requirements for Bibliographic Records (FRBR) conceptual models, RDA is a 

“flexible and extendible bibliographic framework” that supports data sharing and 

interoperability and is compatible with MAchine Readable Cataloging (MARC21) and 

AACR2 [29]. According to the RDA Toolkit, RDA describes digital and non-digital 

resources by taking advantage of the flexibilities and efficiencies of modern information 

storage and retrieval technologies while at the same time is backward-compatible with 

legacy technologies used in conventional resource discovery and access applications.
4
 It is 

aligned with the IFLA’s (International Federation of Library Associations and 

Institutions) conceptual models of authority and bibliographic metadata (FRBR, FRAD 

[Functional Requirements for Authority Data], FRSAD [Functional Requirements for 

Subject Authority Data]) [34]. RDA accommodates all types of content and media in 

digital environments with improved bibliographic control in the realm of Linked and Open 

Data; however, its responsiveness to user requirements needs further research [29]. 

The discussion of the cataloging rules and guidelines stays incomplete without the 

metadata encoding standards and formats that give practical shape to these rules in the 

form of library catalogs. The most common encoding formats include Dublin Core (DC) 

and MARC21. Dublin Core
5
 is a [general-purpose metadata encoding scheme and] 

vocabulary of fifteen properties with “broad, generic, and usable terms” for resource 

description in natural language. It is advantageous as it presents relatively low barriers to 

repository construction; however, it lacks in standards to index subjects consistently as 

well as to offer a uniform semantic basis necessary for an enhanced search experience [35-

37]. The lack of uniform semantic basis is due to the individual interpretations and 

                                                 
4 The scholar used the trial version of RDA Toolkit to report these facts about RDA (https://access.rdatoolkit.org). RDA 

Toolkit is co-published by American Library Association (http://www.ala.org), Canadian Federation of Library 

Associations (http://cfla-fcab.ca/en/home-page), and Facet Publishing (http://www.facetpublishing.co.uk). 
5 http://lov.okfn.org/dataset/lov/vocabs/dce 
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exploitations of DC metadata by the libraries, which in turn originated from its different 

and independent implementations at the element level [35]. 

MARC21 is the most common machine process-able metadata encoding format for 

bibliographic metadata. It can be mapped to several formats including DC, MARC/XML
6
, 

Metadata Object Description Schema (MODS)
7
, Metadata Authority Description Schema

8
, 

and other metadata standards [38]. However, MARC21 has several limitations such as 

only library software and librarians understand it, it is semantically inexpressive and 

isolated from the web structure, and it lacks in expressive semantic connections to relate 

different data elements in a single catalog record [39]. Besides its limitations, MARC 

metadata encoding format is vital for resource discovery especially within the library 

environment, and therefore, ways must be found to make visible the library collections 

outside the libraries and available through the major web search engines [40]. One such 

effort is from the Library of Congress
9
 that introduced a new bibliographic metadata 

framework, BIBFRAME 2.0, which will eventually replace MARC21 and allow Semantic 

Web and LOD to interlink bibliographic metadata from different libraries. Other metadata 

encoding schema and frameworks include Schema.org, EDM, and the International 

Community for Documentation’s Conceptual Reference Model [41]. 

Today, the bibliographic metadata records are available on the Web in several forms 

including MARC21, Online Public Access Catalogs (OPACs), and bibliographic 

descriptions from online catalogs (e.g., Library of Congress), online cooperative catalogs 

(e.g., Online Computer Library Center (OCLC) through its WorldCat program
10

), social 

collaborative cataloging applications (e.g., LibraryThing), digital libraries (e.g., IEEE 

                                                 
6 http://www.loc.gov/standards/marcxml 
7 http://www.loc.gov/standards/mods 
8 http://www.loc.gov/standards/mads 
9 http://catalog.loc.gov 
10 https://www.oclc.org/en/worldcat.html 



17 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

Xplore and ACM), book search engines such as Google Books, and commercial databases 

including Amazon. Most of these cataloging web applications use either MARC or other 

legacy standards as metadata encoding and representation schemes. However, most of 

these applications are either considering or transiting to the emerging cataloging rules, 

frameworks, and encoding schemes so that the bibliographic descriptions of their holdings 

could be made visible and reusable as Linked and Open Data on the Web for the broader 

interests of libraries, publishers, and end-users.  

The presence of high-quality reusable vocabularies makes the consumption of Linked Data 

more meaningful, which is made possible by LOV that bring value-added extensions to 

the Web of Data [42]. The following two subsections attempt to answer the first research 

question by highlighting how LOD and LOV are transforming the current digital 

landscape of cataloging, and therefore, libraries. 

2.1.1 Linked and Open Data 

Linked Open Data is a core Semantic Web technology that makes information spaces of 

different knowledge domains manageable, reusable, shareable, exchangeable, and 

interoperable [43]. The LOD approach achieves this through the provision of services for 

describing, indexing, organizing, and retrieving knowledge artifacts and making them 

available for quick consumption and publication [43]. Publishing data on LOD requires 

five basic steps including data preparation, dataset selection, plugging into the LOD cloud, 

its announcement, and identifying social contract [44-47] as shown in Figure 2.1 with 

details in [33].  
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Figure 2.1: A Typical Linked Open Data Environment [33]. 

The Semantic Web and LOD have enabled libraries to publish and make visible their 

bibliographic data on the Web, which increases the understanding and consumption of this 

metadata both for humans and machines [27]. Using Linked Data principles, LOD 

connects and relates bibliographic metadata on the Web [27]. Publishing, linking and 

consuming bibliographic metadata as Linked and Open Data brings several benefits. These 

include improvements in data visibility, linkage with different online services, 

interoperability through universal LOD platform, and the credibility due to user 

annotations [27]. Other benefits include: the semantic modeling of entities related to 

bibliographic resources; ease in transforming topics into Simple Knowledge Organization 

System (SKOS) format; ease in the use of linked library data in other services; better data 

visualization according to user requirements; linking and querying linked data from 
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multiple sources; and improved usability of library linked data in other domains and 

knowledge areas [27]. Different users including scientists, students, citizens and other 

stakeholders of library data can benefit from adopting LOD in libraries [27]. 

Linked Data has the potential to make bibliographic metadata visible, reusable, shareable, 

and exchangeable on the Web with greater semantic interoperability among the consuming 

applications. Several major projects including BIBFRAME, LODLAM (Linked Open 

Data in Libraries Archives and Museums
11

), and LD4L (Linked Data for Libraries
12

) are 

in progress, which advocates for this potential [40]. Similarly, Library Linked Data is 

LOD-based bibliographic datasets, available in MODS and MARC21 and could be used in 

making search systems more sophisticated and may also be used in LOV datasets to 

integrate applications requiring library and subjects domain datasets [48].  

Bianchini and Guerrini [49] report on the current changes in the library and cataloging 

domains from Ranganathan’s point of view of trinity (library, books, staff), which states 

that changes in one element of this trinity undoubtedly affect the others. They found 

several factors including readers, collections, and services influence this trinity and 

emphasize for a change. Readers moved to the Web from libraries and wanted to save 

their time but want many capabilities including searching and navigating the full-text of 

resources by following links. They want resources connected to similar and related 

resources. They want concepts interlinked to perform an exploratory search and find 

serendipitous results to fulfill their information needs. The collections encompass several 

changes from their production to dissemination, from search and navigation to the 

representation and presentation of content. The ways the users access them and catalogers 

describe them are changing. Their management is moving beyond the boundaries of the 

                                                 
11 http://lodlam.net 
12 https://www.ld4l.org 
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corresponding libraries to the open and broader landscape of Open Access context and 

exposure to LOD environment. The services are moving from bibliographic data silos to 

the Semantic Web. This affects moving the bibliographic model to a more connected and 

linked data model and environment of the Semantic Web. The data is moving from 

bibliographic database management systems to large LOD graph, where millions of 

MARC records are reused and converted to new encoding formats that are backward 

compatible with MARC21, RDA, and others and give opportunities to be exploited fully 

by the LOD environment [49]. Thinking along this direction, new cataloging rules and 

guidelines, such as RDA, are making us a part of the growing global activity of cataloging. 

Therefore, catalogers should take a keen interest in and avail themselves of the 

opportunities that lie in LOD for cataloging. Otherwise, they (as a service) might be 

forgotten or removed from the trinity [49]. 

Several major libraries have been actively working to make their bibliographic metadata 

visible and re-usable on the Web. The Library of Congress (LOC) through its Linked Data 

Service
13

 enables humans and machines to access its authority data programmatically [50]. 

It exposes and interconnects data on the Web through dereferenceable Uniform Resource 

Identifiers (URIs) [50]. Its scope includes giving access to the commonly found LOC 

standards and vocabularies (controlled vocabularies and data values) for the list of 

authorities and controlled vocabularies that it currently supports [50]. According to the 

LOC [50], the Linked Data Service brings several benefits to the users including: 

accessing data at no cost; providing granular access to individual data values; 

downloading controlled vocabularies and their data values in numerous formats; enabling 

linking to LOC data values within the user metadata using Linked Data principles; 

                                                 
13 http://id.loc.gov 
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providing a simple RESTful API (Application Programming Interface), clear license and 

usage policy for each vocabulary; accessing data across LOC divisions through a unified 

endpoint; and visualizing relationships between concepts and values. However, to fully 

exploit LOD, LOC is mainly focusing on its BIBFRAME initiative [50]. 

BIBFRAME is not only a replacement for the current MARC21 metadata encoding format 

it is a new way of thinking how the available large amount of bibliographic metadata 

could be shared, reused and made available as Linked and Open Data [51]. The 

BIBFRAME 2.0
14

 model organizes information into work (details of the about the work), 

instance (work on specific subject, quantity in numbers), item (format: print or electronic), 

and nature (copy/original work). BIBFRAME 2.0 elaborates the roles of the persons in the 

specific work as agents, and the subject of the work as subjects and events [52]. 

According to Taniguchi [53, 54], BIBFRAME 2.0 takes the bibliographic metadata 

standards to the Linked and Open Data model and vocabulary that makes the cataloging 

more useful both inside and outside the library community. To achieve this goal, it needs 

to fulfill two primary requirements. These include (1) accepting and representing metadata 

created with RDA by replacing MARC21, and therefore, working as creating, exchanging, 

and sharing RDA metadata; (2) accepting and accommodating descriptive metadata for 

bibliographic resources created by libraries, cultural heritage communities, and users for 

the wide exchange and sharing [53, 54]. BIBFRAME 2.0 should comply with the Linked 

Data principles including the use of RDF and URIs [53, 54].
 
 

In addition to the Library of Congress, OCLC through its Linked Data Research has also 

been actively involved in transforming and publishing its bibliographic metadata as 

Linked Data [55]. Under this program, OCLC aims to provide a technical platform for the 

                                                 
14 https://www.loc.gov/bibframe/docs/bibframe2-model.html 
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management and publication of its RDF datasets at a commercial scale. It models the key 

bibliographic entities including work and person and populates them with legacy and 

MARC-based metadata. It extends models to efficiently describe the contents of digital 

collections, art objects, and institutional repositories, which are not very well-described in 

MARC. It improves the bibliographic description of works and their translations. It 

manages the transition from MARC and other legacy encoding formats to Linked Data and 

develops prototypes for native consumption of Linked Data to improve resource 

description and discovery. Finally, it organizes teaching and training events [55]. Since 

2012, OCLC has been publishing bibliographic data as Linked Data with three major LOD 

datasets including OCLC Persons, WorldCat works, and WorldCat.org [56]. Inspired from 

Google Research, currently, they have been working on Knowledge Vault pipeline process 

to harvest, extract, normalize, weigh, and synthesize knowledge from bibliographic 

records, authority files, and the Web to generate Linked Data triples to improve the 

exploration and discovery experience of end-users [56]. 

WorldCat publishes it bibliographic metadata as Linked Data by extracting a rich set of 

entities including persons, works, places, events, concepts, and organizations to make 

possible several web services and functionalities for resource discovery and access [57]. It 

uses Schema.org as the base ontology, which can be extended with different ontologies 

and vocabularies to model WorldCat.org bibliographic data to be published and consumed 

as Linked Data [57]. Tennant presents a simple example of how this works. Suppose we 

want to represent the fact “William Shakespeare is the author of Hamlet” as Linked Data 

[58]. To do this, the important entities should be extracted along with their semantics 

(relationships) and represented in a format that is both machine-processable and human-

readable. Using Schema.org, Virtual International Authority File (VIAF.org), and 
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WorldCat, the sentence can be represented as a Linked Data triple, as shown in Figure 2.2 

based on [58]. 

 

Figure 2.2: An Example of Publishing a Sample Fact as Linked Data (Based on [58]). 

The Digital Bibliography & Library Project (DBLP)
15

 is an online Computer Science 

bibliography that provides bibliographic information about major publications in 

Computer Science with the goal of providing free access to high-quality professional 

metadata and links to the electronic version of these publications [59]. As of January 2019, 

it has indexed more than 4.4m publications from more than 2.2m authors and has indexed 

more than 40,000 journal volumes, 39,000 conference/workshop proceedings, and more 

than 80,000 monographs [59]. Its dataset is available on LOD that allows for faceted 

search and faceted navigation to the matching publications. It uses GrowBag graphs to 

create topic facets and uses DBLP++ datasets (an enhanced version of DBLP) and 

                                                 
15 https://dblp.uni-trier.de/ 
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additional data extracted from the related webpages on the Web [60]. A MySQL database 

stores the DBLP++ dataset that is accessible through several ways including (1) getting 

the database dump; (2) using its web services; (3) using D2R server to access it in RDF; 

and (4) getting the RDF dump available in N3 serialization [61]. 

The above discussions on LOC, OCLC, and DBLP make it clear that LOD can potentially 

transform the cataloging landscape of libraries by making bibliographic metadata visible 

and reusable on the Web. However, this potential can only be exploited to its fullest if 

relevant vocabularies are provided to make the Linked Data more meaningful. The Linked 

Open Vocabularies fulfills this demand for relevant and standard vocabularies, discussed 

in the next subsection. 

2.1.2 Linked Open Vocabularies 

Linked Open Vocabularies are a “high-quality catalog of reusable vocabularies to 

describe Linked and Open Data [42].”
16

 They assist publishers in choosing the appropriate 

vocabulary to efficiently describe the semantics (classes, properties, and data types) of the 

data to be published as Linked and Open Data [42]. They interconnect vocabularies, 

facilitate version control, enable semantic search by matching the property type of values 

with a query to increase the score of the terms, and offer a range of data access methods 

including APIs, SPARQL endpoint, and data dump. The aim is to make the reuse of well-

documented vocabularies possible in the LOD environment [42]. The LOV portal brings 

value-added extensions to the Web of Data, which is evident from its adoption in several 

state-of-the-art applications [42]. The presence of vocabulary makes the corresponding 

Linked Data meaningful if the original vocabulary vanishes from the Web, linked data 

                                                 
16 In this Section, LOV catalog or portal refers to the LOV platform available at http://lov.okfn.org/dataset/lov/, whereas 

the abbreviation LOV, when used alone (without the term catalog/portal), refers to Linked Open Vocabularies in 

general. 
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applications that rely on it no longer function because they cannot validate against the 

authoritative source. LOV systems prevent vocabularies from becoming unavailable by 

providing redundant or back-up locations for these vocabularies [42]. The LOV catalog 

meets almost all types of search criteria including search using metadata, ontology, APIs, 

RDF dump, and SPARQL endpoint enabling it to provide a range of services regarding the 

reuse of RDF vocabularies [42].  

Linked Data should be accompanied by its meaning to achieve its benefits, which is 

possible using vocabularies especially RDF vocabularies that are also published as Linked 

Data and linked with each other forming an LOV ecosystem [62]. Such an ecosystem 

defines the health and usability of Linked Data by making its meaningful interpretation 

possible [62]. For an ontology or vocabulary to be included into the LOV catalog, it must 

be of an appropriate size with low-level and normalized constraints and represented in 

RDFS or Web Ontology Language (OWL); it must allow creating instances and support 

documentation by permitting comments, labels, definitions, and descriptions to support 

end-users [48]. The ontology must have additional characteristics such as those described 

in Semantic Web languages like OWL, published on the Web with no limitations on its 

reuse, and support for content negotiation using searchable content and namespace URIs 

[48]. The LOV catalog offers four core functionalities that make it more attractive for 

libraries. The Aggregate accesses vocabularies through dump file or (a SPARQL) 

endpoint. The Search finds classes/properties in a vocabulary or ontology. The Stat 

displays descriptive statistics of LOV vocabularies. Finally, Suggest enables the registry of 

new vocabularies [48]. 

Radio and Hanrath [63] uncovered the concerns regarding transitioning to LOV including 

how pre-existing terms could be mapped while considering the potential semantic loss. 
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They describe this transition in the light of a case study at the University of Kansas 

institutional repository, which adopted OCLC’s FAST vocabulary and analyzed the 

outcomes and impact of exposing their data as Linked Data. To them, a vocabulary that is 

universal in scope and detail can become “bloated” and may result in an aggregated list of 

uncontrolled terms. However, such a diverse system may be capable of accurately 

describing the contents of an institutional repository. In this regard, adopting Linked Data 

vocabulary may serve to increase the overall quality of data by ensuring consistency with 

greater exposure of the resources when published as LOD. However, such a transition to a 

Linked Data vocabulary is not that simple and gets complicated when the process involves 

reconciling the legacy metadata especially when dealing with the issues of under or 

misrepresentation [63]. 

Publishers, commercial entities, and data providers such as universities are taking keen 

interest and consortial participation, and therefore the library community must contribute 

to, benefit from, and consider this inevitable opportunity seriously [64]. Considering, the 

core role of libraries in connecting people to the information, they should come forward to 

make available their descriptive metadata collections as Linked and Open Data for the 

benefit of the scholarly community on the Web. It is time to move from strings 

(descriptive bibliographic records) to things (data items) that are connected in a more 

meaningful manner for the consumption of both machines and humans [64]. 

Besides the numerous benefits of the LOV, there are some well-documented [and well-

supported] vocabularies that are “not published or no longer available [42].” While 

focusing on the mappings between Schema.org and LOV, Nogales et al. [65] argue that 

the LOV portal is limited as “some of the vocabularies are not available here.”
17

 In other 

                                                 
17 As of April 23, 2018, the Schema.org vocabulary is now available at http://lov.okfn.org/dataset/lov/ 
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words, the LOV portal is growing, but currently, it is at the infant stage, where much work 

is needed to bring all or at least the missing well-documented and well-supported 

vocabularies. This way the true benefits of LOV could be exploited to the fullest when 

such vocabularies are linked and made available for the consumption and reuse of the 

broader audience and applications of the Web of Data.  

2.2 Challenges, Issues and Research Opportunities 

To answer the second research question, this section attempts to identify some of the 

prominent/key challenges and issues regarding publishing and consuming bibliographic 

metadata as Linked and Open Data.  

2.2.1 Multiplicity of Cataloging Rules and Standards 

The importance and critical role of standards in cataloging are clear to everyone. With 

standards, it becomes possible to identify authors uniquely; link users to the intended and 

required resources; assess the value and use of the services a library or information system 

provides; operate efficiently different transactions regarding bibliographic metadata, link 

content, preserve metadata, and generate reports; and enable the transfer of notifications, 

data, and events across machines [40]. The success of these standards is because of the 

community-based efforts and their utility for a person/organization and ease of adoption 

[40]. However, we are living in a “jungle of standards” with massive scale and complexity 

[40]. We are facing a flood of standards, schemas, protocols, and formats to deal with 

bibliographic metadata [40]. It is necessary to come up with some uniform and widely 

accepted standard, schema, protocol, and format, which will make possible the uniformity 

between bibliographic records and make way for records de-duplication on the Web. Also, 

because of the exponential growth of the digital landscape of document collections and the 
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emerging yet widely adopted Linked Data environment, it becomes necessary for 

librarians to be part of this global-scale activity of making their bibliographic data 

available as Linked and Open Data [40]. Therefore, all these standards need reenvisioning 

and reconsideration when libraries transit from the current implementations to a more 

complex LOD-based environment [41].  

RDA is easy to use, user-centric, and retrieval-supportive with a precise vocabulary [66]. 

However, it has lengthier descriptions with a lot of technical terms, is time-consuming, 

needs re-training, and suffers from the generation gap [66]. RDA is transitioning from 

AACR2 to produce metadata for knowledge artifacts, and it will be adaptive to the 

emerging data structures of Linked Data [67]. Although librarians could potentially play a 

vital role in making RDA successful, it is challenging to bring them on the same page with 

publishers and vendors [67]. 

While studying BIBFRAME 2.0 from RDA point of view, Taniguchi [53] observed that: 

(1) BIBFRAME has no class correspondence with RDA, especially making a distinction 

between Work and Expression is challenging. (2) Some RDA elements have no 

corresponding properties in BIBFRAME, and therefore, cannot be expressed in 

BIBFRAME. BIBFRAME properties cannot be converted back to RDA elements due to 

the many-to-one and many-to-many mappings between them. (3) The availability of 

multiple MARC21-to-BIBFRAME tools results in the variety of BIBFRAME metadata, 

which makes its matching and merging in the later stages challenging. 

To understand whether BIBFRAME 2.0 is suitable as a metadata schema, Taniguchi [54] 

examined it closely for domain constraint of properties and developed four additional 

methods for implementing such constraints, i.e., defining properties in BIBFRAME. In 

these methods, method 1 is the strictest one for defining such properties, method 2 from 
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BIBFRAME, and the remaining gradually loosen. Method 1 defines the domain of 

individual properties as work or instance only, which is according to the method in RDA. 

Method 2 defines properties using multiclass structure (work-instance-item) for 

descriptive metadata. Method 3 introduces a new class BibRes to accommodate work and 

instance properties. Method 4 uses two classes BibRes and work for representing a 

bibliographic resource. Method 5 leaves the domain of any property unspecified and uses 

rdf:type to represent whether a resource belongs to the work or instance. He observed that 

[54]: (1) The multi-class structure used in BIBFRAME (method 2) questions the 

consistency between this structure and the domain definition of the properties. (2) If the 

quality of the metadata is concerned especially matching among converted metadata from 

different source metadata, then method 1 works better than method 2. (3) If metadata 

conversion from different sources is required, then method 4 or 5 should be applied. 

Taniguchi [54] concludes that BIBFRAME’s domain constraint policy is unsuitable for 

descriptive metadata schema to exchange and share bibliographic resources, and therefore, 

should be reconsidered. 

According to Sprochi [68], bibliographic metadata is passing through a significant 

transformation. FRBR, RDA, and BIBFRAME are among the three major and currently 

running programs that will affect the recording, storage, retrieval, reuse and sharing of 

bibliographic metadata. IFLA focuses on reconciling FRBR, FRAD, and FRSAD models 

into one model namely FRBR-Library Reference Model (FRBR-LRM
18

), published in 

May 2016 [68]. Sprochi further adds that it is generally expected that by adopting this new 

model, RDA will be changed and revised significantly. BIBFRAME will also get 

substantial modifications to become compatible with FRBR-LRM and the resulting RDA 

                                                 
18 https://www.ifla.org/node/10280 
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rules [68]. These initiatives, on the one hand, make possible their visibility on the Web, 

but on the other hand, introduce several changes and challenges for the Library and 

Information Science (LIS) community [68]. To cope with the challenges of making 

bibliographic data visible, available, reusable, and shareable on the Web, Sprochi [68] 

argues that: (1) 
 
The LIS community must think of the bibliographic records in terms of 

data that is both human-readable and machine-understandable, which can be processed 

across different applications and databases with no format restrictions. Also, this data must 

support interoperability among vendors, publishers, users, and libraries and therefore, 

should be thought of beyond the notion that “only library create quality metadata (as 

quoted in Coyle (2007)” and cited by Sprochi [68]). (2) A shared understanding of 

Semantic Web, LOD, data formats, and other related technologies is necessary for the LIS 

community for more meaningful and fruitful conversations with software developers, LIS 

designers, and IT & Linked Data professionals. At least some basic knowledge about these 

technologies will enable the library community to take active participation in publishing, 

storing, visualizing, linking, and consuming bibliographic metadata as Linked and Open 

Data. (3) The library community must show a strong commitment to more LIS vendors to 

“post-MARC” standards such as BIBFRAME or any other standard that is supportive of 

the LOD environment. This way the Semantic Web and LOD can be exploited to their 

fullest. The library community must be ready to adopt LOD in cataloging. 

Transitioning from MARC to Linked Data needs collaborative efforts and requires 

addressing several challenges. These challenges include [69]: (1) committing to a single 

standard by getting all units in the library so that the Big Data problem resulting from 

using multiple metadata standards by different institutions could be mitigated; (2) bringing 

individual experts, libraries, universities, and governments to work together and organize 
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conferences, seminars, and workshops to bring Linked Data into the mainstream; (3) 

translating the BIBFRAME vocabulary into other languages; (4) involving different users 

and experts in the area; and (5) obtaining funding from the public sector and other 

agencies to continue the journey towards Linked Data. 

In the current scenario of metadata practices, the interoperability for the exchange of 

metadata varies across different formats [70]. The Semantic Web and LOD support 

different library models such as FRBRoo, EDM, and BIBFRAME. These conceptual 

models and frameworks suffer from the interoperability issue, which makes data 

integration difficult. Currently, several options are available for encoding bibliographic 

data to RDF (and to LOD), which further complicates the interoperability and introduces 

inconsistency [71-73].  

The existing descriptive cataloging methodologies and bibliographic ontology descriptions 

in cataloging and metadata standards set the stage for redesigning and developing better 

ways of improved IR and interoperability [74]. Besides the massive heaps of information 

on the Web, the library community (especially digital libraries) has devised standards for 

professional metadata to meet the interoperability requirements for this part of the data on 

the Web [74]. Semantic Web technologies could be exploited to make information 

presentation, storage, and retrieval more user-friendly for digital libraries [74]. To achieve 

such interoperability among resources, Castro proposed an architecture for semantic 

bibliographic description [74]. Gardašević emphasizes on employing information system 

engineers and developers to understand resource description, discovery, and access in 

libraries and extend these practices by applying Linked Data principles. This way 

bibliographic metadata will be more visible, reusable and shareable on the Web. Godby, 

Wang, and Mixter [70] stress collaborative efforts to establish a single and universal 
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platform for cataloging rules, encoding schema, and model to a higher level of maturity, 

which requires initiatives such as RDA, BIBFRAME, LD4L, and BIBLOW
19

. 

The massive volume of metadata (available in MARC and other legacy formats) makes 

data migration to BIBFRAME challenging [75]. Although BIBFRAME challenges the 

conventional ground of cataloging, which aims to record tangible knowledge containers, it 

is still in the infant stage at both theoretical and practical levels [76]. For BIBFRAME to 

be more efficient, enhanced, and enriched, it needs the attention of librarians and 

information science experts who will use it to encode their bibliographic metadata [76]. 

Gonzales
 
suggests that librarians must be willing to share metadata and upgrade metadata 

encoding standards to BIBFRAME; they should train, learn, and upgrade their systems to 

efficiently use BIBFRAME encoding scheme and research new ways of bringing 

interoperability between BIBFRAME and other legacy metadata standards; and they 

should ensure the data security of patrons and mitigate the legal and copyright issues in 

making visible their resources as Linked and Open Data [75].
 
Also, LOV must be 

exploited from the cataloging perspective by finding out ways to create a single, flexible, 

adaptable, and representative vocabulary.
 
Such a vocabulary will bring the cataloging data 

from different libraries of the world and make it accessible and consumable as a single 

library linked data to get free from the jungle of metadata vocabularies and standards. 

2.2.2 Publishing and Consuming Linked Bibliographic Metadata 

According to Karen Smith-Yoshimura [77], there are several primary motives for 

publishing an institution’s [meta]data as Linked Data. These include (in the order from 

most frequent/essential to a lesser one): (1) making data visible on the Web; (2) 

experimenting and finding the potentials of publishing datasets as Linked Data; (3) 

                                                 
19 https://bibflow.library.ucdavis.edu/about 
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exposing local datasets to understand the nature of Linked Data; (4) exploring the benefits 

of Linked Data for Search Engine Optimization (SEO); (5) consuming and reusing Linked 

Data in future projects; (6) increasing the data reusability and interoperability; (7) testing 

Schema.org and BIBFRAME; (8) meeting the requirements of the project; and (9) making 

available the “stable, integrated, and normalized data about research activities of an 

institution [77].” She enlists several things to consider for the consumption of such data. 

These include (in the order from most frequent/essential to a lesser one) [77]: (1) 

improving the user experience; (2) extending local data with other datasets; (3) effectively 

managing the internal metadata; (4) improving the accuracy and scope of search results; 

(5) trying to improve SEO for local resources; (6) understanding the effect of data 

aggregation from multiple datasets; and (7) experimenting and finding the potentials of 

consuming Linked Datasets [77].  

Publishing and consuming bibliographic data on the LOD cloud brings numerous 

applications. Kalou et al. [78] developed a semantic mashup by combining Semantic Web 

technologies, RESTful services, and content management services to generate 

personalized book recommendations and publish them as Linked Data. It allows for the 

expressive reasoning and efficient management of ontologies and has potential 

applications in the library, cataloging services, and ranking book records and reviews. This 

application exemplifies how we can use the commercially [and socially] curated metadata 

with bibliographic descriptions for improved user experience in digital libraries using 

Linked Data principles. However, publishing and consuming bibliographic metadata as 

Linked and Open Data is not that simple and needs addressing several prominent 

challenges and issues, identified in the following subsections along with some 

opportunities for further research. 
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a. Publishing Linked Bibliographic Metadata 

The University of Illinois Library worked on publishing MARC21 records of 30,000 

digitized books as Linked Library Data by adding links, transforming them to LOD-

friendly semantics (MODS) and deploying them as RDF with the objective to be used by a 

wider community [72]. To them, using Semantic Web technologies, a book can be linked 

to related resources and multiple possible contexts, which is an opportunity for libraries to 

build innovative user-centered services for the dissemination and uses of bibliographic 

metadata [72]. In this regard, the challenge is to utilize the existing book-related 

bibliographic and descriptive metadata maximally in a manner that parallels with the 

services (both inside the library and outside) as well as exploit to the fullest the full-text 

search and Semantic Web technologies, standards, and LOD services [72].  

While publishing the National Bibliographic Information as free open Linked Data, IFLA 

[79] identifies several issues including: (1) dealing with the negative financial impact on 

the revenue generated from traditional metadata services; (2) the inability to offer 

consistent services due to the complexity of copyright and licensing frameworks; (3) the 

confusion in understanding the difference between “open” and “free” terms; (4) 

remodeling library data as Library Linked Data; (5) the limited persistence and 

sustainability of Linked Data resources; (6) the steep learning curve in understanding and 

applying Linked Data practices to library data; (7) making choices between sites to link to; 

and (8) creating persistent URIs for library data objects. 

From the analysis of the relevant literature, Hallo [27] identified several issues in 

publishing bibliographic metadata as Linked and Open Data. These include difficulties in 

cataloging and migrating data to new conceptual models; the multiplicity of vocabularies 

for the same metadata; the lack of agreements to share data; the lack of experts and tools 
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for transforming data; the lack of applications and indicators for its consumption; mapping 

issues; providing useful links of datasets; defining and controlling data ownership; and 

ensuring dataset quality. Libraries should adopt to Linked Data five-stars model by 

adopting emerging non-proprietary formats to publish its data; link to external resources 

and services; participate actively in enriching; and improving the quality of metadata to 

improve knowledge management and discovery [27]. The cataloging has a bright future 

with more dataset providers by involving citizens and end-users in metadata enrichment 

and annotation; making ranking and recommendation as part of library cataloging 

services; and the increased participation of the library community to the body of Semantic 

Web and Linked Data [27].  

Publishing Linked Data poses several issues. These include data cleanup issues especially 

when dealing with legacy data; technical issues such as data ownership; the software 

maturity to keep Linked Data up-to-date; managing its colossal volume; and providing IT 

support for data entry, annotation, and modeling; developing representative and widely 

applicable LOVs; and handling the steep learning curve to understand and apply Linked 

Data principles [80]. Bull and Quimby [40] stress understanding how the library 

community is transiting their cataloging methods, systems, standards, and integrations to 

the LOD for making them visible on the Web and how they keep backward compatibility 

with legacy bibliographic metadata. 

It is necessary for the LOD data model to maintain the underlying semantics of the 

existing models, schemas, and standards, yet innovate and renew old traditions, where the 

quality of the conversion solely depends on the ability of this new model to cope with 

heterogeneity conflicts, maintain granularity and semantic attributes and consequently 

prevent loss of data and semantics [73]. The new model should be semantically expressive 
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enough to support meaningful and precise linking to other datasets [73]. By thinking 

alternatively, these challenges are the significant research opportunities that will enable us 

to be part of the LOD community in a more profound manner. 

b. Consuming Linked Bibliographic Metadata 

Consuming Linked Data resources can be a daunting task and may involve resolving 

several challenges. These challenges include [81]: (1) dealing with the bulky or non-

available RDF dumps, no authority control within RDF dumps, and data format variations; 

(2) identifying terms’ specificity levels during concept matching; (3) the limited 

reusability of library linked data due to lack of contextual data; (4) harmonizing classes 

and objects at the institution level; (5) excessive handcrafting due to few off-the-shelf 

visualization tools; (6) manual mapping of vocabularies; (7) matching, aligning, and 

disambiguating library and Linked Data; (8) the limited representation of several essential 

resources as Linked Data due to non-availability of URIs; (9) the lack of sufficient 

representative semantics for bibliographic data; (10) the time-consuming nature of Linked 

Data to understand its structure for reuse; (11) the ambiguity of terms across languages; 

and (12) the non-stability of endpoints and outdated datasets. Syndication is required to 

make library data visible on the Web. Also, it is necessary to understand how current 

applications including web search engines perceive and treat visibility, to what extent 

schema.org matters, and what is the nature of the Linked Data cloud [70]. 

An influential work may be translated into several languages, which results in multiple 

metadata records. Some of these are complete, and others are with missing details. Godby 

and Smith‐Yoshimura suggest aggregating these multiple metadata records into a single 

record, which can be complete, link the work to its different translations and translators, 

and is publishable (and consumable) as Linked Data [82]. However, such an aggregation 
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demands a great deal of human effort to make these records visible and consumable as 

Linked Data. This also includes describing all types of objects that libraries currently 

collect and manage, translating research findings to best practices; and establishing 

policies to use URIs in MARC and other types of records [82]. To achieve the long-term 

goal of making metadata consumable as Linked Data; the libraries, as well as individual 

researchers, should align their research with that of the major players such as OCLC, 

LOC, and IFLA and follow their best practices [82]. 

The issues in LOV needs immediate attention to make LOD more useful. These issues 

include [42]: (1) LOV publishes only a subset of RDF vocabularies with no inclusion for 

value vocabularies such as SKOS thesaurus; (2) it provides no or almost negligible support 

for vocabulary authors; (3) it relies on third parties to get the information about vocabulary 

use in published datasets; (4) it has insufficient support for multilingualism or many 

languages; (5) it should support multi-term vocabulary search, which is required from the 

ontology designers to understand and employ the complex relationships among concepts; 

(6) it should support vocabulary matching, vocabulary checking, and multilingualism to 

allow users to search and browse vocabularies using their native language. It also 

improves the quality of the vocabulary by translation, which allows the community to 

evaluate and collaborate; and (7) it requires efforts to improve and make possible the long-

term preservation of vocabularies. 

LOD emerged to change the design and development of metadata, which has implications 

for controlled vocabularies, especially, the person/agent vocabularies that are fundamental 

to data linkage but suffer from the issues of metadata maintenance and verification [83]. 

Therefore, practical data management and the metadata-to-triples transition should be 

studied in detail to make the wider adaptation of LOD possible [83]. To come out of the 
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lab environment and make LOD practically useful, the controlled vocabularies must be 

cleaned, and its cost should be reduced [83]. However, achieving this is challenging and 

needs to answer how knowledge artifacts could be uniquely identified and labeled across 

digital collections and what should be the standard practices to use them [83]. 

Linked Data is still new to libraries [84]. The technological complexities, the feeling of 

risks in adopting new technology and limitations due to the system, politics, and economy 

are some of the barriers in its use in libraries [84]. However, libraries can potentially 

overcome these barriers by learning from the use of Linked Data in other domains 

including, e.g., Google’s Knowledge Graph and Facebook’s Open Graph [84]. The graph 

interfaces could be developed to link author, publisher, and book-related information, 

which in turn can be linked to the other open and freely available datasets [84]. It is time 

that the LIS professionals come out of the old, document-centric approach to bibliographic 

metadata and adapt their thinking as more data-centric for a more meaningful consumption 

of bibliographic metadata by both users and machines [84]. 

2.2.3 Quality of Linked Bibliographic Metadata 

The use of a cataloging data defines its quality (by quoting from van Hooland 2009; Wang 

and Strong 1996) [85]. The quality is essential for the discovery, usage, provenance, 

currency, authentication, and administration of metadata [86]. The cataloging data is 

considered fit for use based on its accuracy, completeness, logical consistency, 

provenance, coherence, timeliness, conformance and accessibility (by quoting from Bruce 

& Hillmann, 2004) [85]. Data is commonly assessed by its quality to be used in specific 

application scenarios and use cases, however, sometimes, low-quality data can still be 

useful for a specific application as far as its quality meets the requirements of that 

application [85, 86]. The reasons include several factors including availability, accuracy, 
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believability, completeness, conciseness, consistency, objectivity, relevance, 

understandability, timeliness, and verifiability that determine the quality of data [85, 86]. 

The quality of Linked Data can be of two types, one is the inherent quality of Linked Data 

and the other relates to its infrastructure. The former can be further divided into aspects 

including domain, metadata, RDF model, links among data items, and vocabulary. The 

infrastructural aspects include the server that hosts the Linked Data, Linked Data 

fragments, and file servers [85]. This typology introduces issues of their own, the issues 

related to the inherent quality including “linking, vocabulary usage and the provision of 

administrative metadata [85].” The infrastructural aspect introduces issues related to 

naming conventions e.g., avoiding blank nodes and using HTTP URIs, linking through 

owl:sameAS links, describing by reusing the existing terms and dereferencing [85]. 

The quality cataloging definitions are mainly based on the experience and practices of the 

cataloging community [87]. Its quality falls into at least four basic categories: (1) the 

technical details of the bibliographic records, (2) the cataloging standards, (3) the 

cataloging process, and (4) the impact of cataloging on the user [87]. The cataloging 

community focuses mainly on the quality of bibliographic metadata. However, it is not 

sufficient enough to consider the accuracy, completeness, and standardization of 

bibliographic metadata, considering the user information needs is essential [87]. 

Van Kleeck et al. [88] investigated issues in the quality management of metadata of 

electronic resources to assess in supporting user tasks of finding, selecting, and accessing 

library holdings as well as identifying the potential for increasing efficiencies in 

acquisition and cataloging workflow. They evaluated the quality of existing bibliographic 

records mostly provided by their vendors and compared them with those of OCLC and 

found that the latter has better support for users in resource discovery and access [88]. 
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From the management perspective, the complexity and volume of bibliographic metadata 

and the method of ingesting it to the catalog emphasize the selection of highest quality 

records [88]. From the perspective of digital repositories, the absence of well-defined 

theoretical and operational definitions of metadata quality, interoperability, and 

consistency are some of the issues for the quality of metadata [86]. The National 

Information Standards Organization identifies several issues in creating metadata [89]. 

These include the inadequate knowledge about cataloging in both manual and automatic 

environments leading to inaccurate data entry, inconsistency of subject vocabularies, 

limitations of resource discovery, and the development of standardized approaches to 

structure metadata [86, 89, 90]. 

The poor quality of Linked Data can make its usefulness much difficult [91]. Datasets are 

created at the data level resulting in a significant variance in perspectives and underlying 

data models [91]. This also leads to errors in triplication, syntax, and data; misleading 

owl:sameAs links, and the low availability of SPARQL endpoints [91]. Library catalogs, 

because of their low quality, most often fail to communicate clear and correct information 

correctly to the users [92]. The reasons for such low quality include user’s inability to 

produce catalogs that are free from faults and duplicates as well as low standards and 

policies that drive these cataloging practices [92]. Although the rich collections of 

bibliographic metadata are available, these are rich in terms of the heaps of cataloging data 

and not in terms of quality with almost no bibliographic control [92]. These errors in and 

the low quality of professional metadata are the result of misunderstanding the aims and 

functions of library catalogs and adopting the “unwise” cataloging standards and policies 

[92]. Still there exist some high-quality cataloging efforts with well-maintained catalogs, 

where the only quality warrant is to correctly understand the subject matter of the artifact 
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and effectively communicate between librarians and experts in the corresponding domain 

knowledge [92]. The demand for such high quality and well-managed catalogs has 

increased on the Web. Although people are more accustomed to web search engines, the 

quality catalogs will attract not only libraries but the general web users as well [92].  

The community must work together on metadata with publishers and vendors to approach 

cataloging from the user perspective and refine the skillset as well as produce quality 

metadata [40]. As LIS professionals, we should not only be the users of the standards, 

instead, we must actively participate and contribute to its development and improvement 

so that we may effectively and efficiently connect our data with the rest of the world [40]. 

Such social collaboration is required from not only the librarians and vendors but also 

from the users in developing an efficient cataloging environment and for a more usable 

professional metadata, this is discussed in Section 2.3. 

2.3 Linking Socially Curated Metadata 

This section answers the third research question by reviewing the latest literature from 

multiple but related domains including Library Sciences, Information Sciences, IR, and 

Semantic Web. Section 2.3.1 discusses the importance and impact of making social 

metadata as part of the professional metadata. Section 2.3.2 highlights why social 

collaborative cataloging approaches should be adopted by librarians to work with other 

stakeholders in making their bibliographic data available and visible as Linked and Open 

Data and what is the impact of fusing professional and social metadata and making it 

available as Linked and Open Data. 
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2.3.1 The Social Metadata Matters in Cataloging 

The conventional libraries have clear and well-established classification and cataloging 

schemes but these are as challenging to learn, understand, and apply as they are slow and 

painful to consume [93]. Using computers to retrieve bibliographic records resulted in the 

massive usage of copy cataloging [93]. However, adopting this practice is challenging, 

because these records are inconsistent; incomplete; less visible, granular, and 

discoverable; unable to integrate metadata and content to the corresponding records; 

difficult to preserve with new and usable format for the consumption by users and 

machines; and not supportive towards integrating the social metadata into the cataloging 

records [93]. The University of Illinois Library, through its VuFind service, offers extra 

features to enhance the search and exploration experience of end-users by providing a 

book’s cover image, TOC, abstract, reviews, comments, and user tags [93]. Users can 

contribute to content such as tags, reviews, comments, and recommend books to friends. 

However, it is necessary to research whether this user-generated content should be 

integrated to or preserved along with the bibliographic records [93]. 

In their book, Alemu and Stevens [32] mentioned several advantages of making social 

metadata as part of the library catalogs. These include (1) enhancing the functionality of 

professional metadata by making information objects findable and discoverable; (2) 

removing the limitations posed by sufficiency and necessity principles of professional 

metadata; (3) bringing users closer to the library by “pro-actively engaging” them in 

ratings, tagging and reviewing provided that users are also involved in managing and 

controlling metadata entries; and (4) the resulting “wisdom of the crowd” would benefit all 

the stakeholders from this massively growing social metadata. However, this combination 

can only be utilized optimally if semantically and contextually linked to the internal and 



43 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

external resources; the resulting metadata is openly accessed, shared, and reused; users are 

supported in easily adding the metadata and are part of the quality control by enabling 

them to report spamming activities to the metadata experts [32]. 

LibraryThing for Libraries (LTFL)
20

 makes a library catalog more informative and 

interactive by enhancing OPAC, providing access to metadata, and enabling them to 

search, browse, and discover library holdings in a more engaging way. It is one of the 

practical examples of enriching library catalogs with social content. This trend of merging 

social and professional metadata innovates library cataloging by dissolving the borders 

between “social sphere” and library resources [94]. The social media has expanded library 

into social spaces by exploiting tags and tag clouds as navigational tools and enriching the 

professional metadata by integrating the user-generated content [94]. It bridges the 

communication gaps between the library and its users, where users participate actively in 

resource description, discovery and access [94]. 

The potential role of the social metadata in resource description, discovery, and access is 

also evident from the long-tail SBS research under the Initiative for the Evaluation of 

XML Retrieval (INEX) where the professional and social metadata are exploited for 

retrieval and recommendation to support known-item and exploratory search [2, 3, 5, 7]. 

By experimenting with A/LT collection, the results conclude that enriching the 

bibliographic descriptions with social metadata especially tags significantly improves 

search and recommendation [1, 95, 96]. Koolen [97] found that the social metadata 

significantly improves the search performance as professional metadata is “often too 

limited” to describe books resourcefully [97]. 

                                                 
20 https://www.librarything.com/forlibraries 
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Users add social metadata with the intention of making resource re-findable during a 

future visit, i.e., they add metadata such as tags to facilitate themselves and allow others in 

resource discovery and access, and therefore, form a community around the resource [32]. 

Tags (social tagging) are beneficial for librarians while browsing and exploring the library 

catalogs [98]. To some librarians, tags are complementary to controlled vocabulary; 

however, training issues and lack of awareness of social tagging functionality in 

cataloging interfaces prevent their perceived benefit [98]. 

2.3.2 The Social Metadata as Linked Data 

Metadata is socially constructed [99]. It is shaping and shaped by the context in which it is 

developed and applied, and demands community-driven approaches, where data should be 

looked at from a holistic point of view rather than considering them as discrete 

(individual) semantic units [99]. The library is adopting the collaborative social aspect of 

cataloging that will take place between authors, repository managers, libraries, e-collection 

consortiums, publishers, and vendors [67]. Librarians should improve cataloging skills in 

line with the advances in technology to make visible their metadata as LOD [67]. 

Currently, linked library data is generated and used by library professionals. The social 

metadata will act as a value-added in retrieving knowledge artifacts with precision [100]. 

The addition of socially constructed and community-driven metadata in current metadata 

structures, controlled vocabularies, and classification systems provide the holistic view of 

these structures as they add the community-generated sense to the professional metadata 

structures [99]. An example of the possibilities of making social metadata as part of 

cataloging and LOD is the semantic book mashup which demonstrates how the 

commercially [and socially] curated metadata could be retrieved and linked with 

bibliographic descriptions [78]. While enumerating the possible applications of this 
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mashup, they argue that book reviews from different websites could be aggregated using 

Linked Data principles by extending the review class of BIBFRAME 2.0 [78]. 

From the analysis of twenty-one in-depth interviews with LIS professionals, Alemu [100] 

discovered four metadata principles, namely metadata enrichment, linkage, openness, and 

filtering. This analysis revealed that the absence of social metadata is sub-optimal for the 

potential of LOD in libraries [100]. Their analysis advocates for a mixed-metadata 

approach, in which social metadata augments the professional metadata by involving 

users proactively and by offering a social collaborative cataloging platform. The metadata 

principles should be reconceptualized and Linked Data should be exploited to address the 

existing library metadata challenges. Therefore, the current efforts in Linked Data should 

fully consider social metadata [100]. Library catalogs should be enriched by mixing the 

professional and social metadata as well as semantically and contextually interlinked to 

internal and external information resources to be optimally used in different application 

scenarios [101]. To fully exploit this linkage, the duplication of metadata should be 

reduced. It must be made openly accessible so that its sharing, reuse, mixing, and 

matching could be made possible. The enriched metadata must be filtered per user 

requirements using an interface that is flexible, personalized, contextual, and re-

configurable [101]. Their analysis suggests a “paradigm shift” in metadata’s future, i.e., 

from simple to enriched; from disconnected, invisible and locked to well-structured, 

machine-understandable, interconnected, visible, and more visualized metadata; and from 

single OPAC interface to reconfigurable and adaptive metadata interfaces [100]. By 

involving users in the metadata curation process, the mixed approach will bring diversity 

in metadata and make resources discoverable, usable, and user-centric with the wider and 

well-supported LOD platform [101]. 
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In conclusion, the fusion of social metadata with the standards-based bibliographic 

descriptions is essential from the perspective of the user-centric paradigm of cataloging, 

which has the potential to aid resource discovery and access and open new opportunities 

for information scientists working in Linked and Open Data as well as catalogers who are 

transiting to the Web of Data to make their metadata visible, reusable, and linkable to 

other resources on the Web. From the analysis and scholarly discussions of Alemu, 

Stevens, Farnel, and others [32, 99-101] as well as from the initial experiments of Kalou et 

al [78] it becomes apparent that the application of Linked Data principles for library 

catalogs [and the addition of social metadata] is future-proof and promising towards more 

user-friendly search and exploration experience with efficient resource description, 

discovery, access, and recommendations. 

2.4 Summary 

Several researchers cited in this thesis agree that the professional metadata supports 

mostly the known-item search and has little value to open and exploratory search. They 

believe that not only the collaborative social efforts of the cataloging community are 

essential but also the social metadata, which can be used to enrich library catalogs and 

support exploration and serendipity. This is not only evident from the wider usage of 

LibraryThing and its LTFL but also from the long-tail SBS research where both 

professional and social metadata are exploited for retrieval and recommendation. This 

chapter presented the changing landscape of libraries regarding resource description in the 

current realm of Social Web and LOD. It discussed challenges, issues and research 

opportunities in bringing library catalogs available and consumable on the Web of Data. 

The next chapter studies the book search behavior of users on the Social Web.  
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Chapter 3 : Book Readers and the Social 

Web 

Understanding the search behavior of online users is among the long-tail practices of 

Interactive Information Retrieval (IIR) that helps identify the user information needs. The 

aim is to investigate how users interact with IIR systems [102]. This goal is achieved 

partly through developing and testing interactive features for IR systems and partly 

through research on user search behavior while using these systems [102, 103]. The user 

search behavior, which is the focus of this chapter, varies depending on the information 

needs of the users and the type and nature of document collection. Books are different 

from other document collections because of their well-thought-out structure, logically 

connected content [104], huge size, and usage for a variety of purposes. In addition, the 

Social Web adds a huge collection of social metadata, which gathered researchers under 

the broader topic of Social Book Search to treat books different both in retrieval and in 

understanding the search behavior of users. The retrieval aspect is covered under the 

Social Book Search by discovering ways of exploiting social metadata to improve book 

retrieval [2]. The book search behavior of users is studied under the Interactive SBS by 

studying their interactions with the rich collections of professional and social metadata on 

different types and stages of the UIs [105-107]. 

“If we encounter a man of rare intellect, 

we should ask him what books he reads.” 

– Ralph Waldo Emerson 
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This chapter reports on the book search behavior of users by reviewing research 

publications related to the Interactive SBS published during the last two decades. Based on 

the collected evidence, it attempts to answer two research questions: What is the current 

state of Interactive SBS in understanding book search behavior of the users on the Web 

and other digital environments? What research implications can be drawn from the 

findings under the Interactive SBS? Section 3.1 attempts to answer the first research 

question by presenting a birds-eye-view of the overall progress in the Interactive SBS 

research. Section 3.2 and Section 3.3 attempt to address the second research question by 

presenting the findings of the Interactive SBS research and draw implications for future 

IIR evaluation campaigns. Section 3.4 concludes the chapter. 

3.1 The Interactive Social Book Search 

This section reports on the current state of the Interactive SBS by discussing the search 

system, UIs, document collection, and experimental setup regarding book search behavior 

of users. Based on the relevant literature [5, 9, 10, 103, 105-117], Figure 3.1 presents a 

timeline view of the overall progress made towards Interactive SBS by reporting on the 

track name, tasks, search system, UIs, dataset, and the duration being divided year-wise. 

3.1.1 Aims and Objectives 

The Interactive Track (iTrack 2004-10) aims to research how users interact with the XML-

based IR systems while accessing parts of XML documents or their metadata [103, 111-

114, 118]. As can be seen in Figure 3.1, the journey of Interactive SBS starts implicitly 

from its 2009 run, in which 2.7m A/LT book descriptions were used to understand how 

users use professional and social metadata in finding books [114]. For iTrack 2010, the 

same collection was cleaned up by removing books having no cover image resulting in 

1.5m XML book records [103] 



49 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

 

Figure 3.1: Timeline – Origin and Overall Progress of the Interactive Social Book Search 

The Culture Heritage at CLEF
21

 Interactive Track (CHiCi 2013) focused on understanding 

user search behavior while interacting with the Europeana Digital Library (EDL) cultural 

heritage collection [108, 109]. The aim is to collect a large dataset (using log and 

questionnaires) that is enough to be representative of the interactivity between users and 

EDL collection to model user book search behavior and build user-centered dataset to be 

used in future IIR testing and evaluation in relation to the process, context, and the nature 

of interactivity [108, 109]. The collection consists of 23.3m multimedia documents 

including audios, videos, scanned documents, photographs, and images of paintings 

preserved by libraries, archives, museums in different languages, metadata formats, and 

with different levels of details and complexity [108]. Each EDL file is an XML document 

                                                 
21 Conference and Labs of the Evaluation Forum, available at http://www.clef-initiative.eu/ 
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with metadata fields including title, description, media type, historical data, provider 

information, and content-related enrichment keywords (for about 30% of the collection), 

obtained by EDL by mapping its metadata to DBpedia names [108]. For CHiCi task, a 

subset of this collection having 1.1072m English-language records was used [108, 109]. 

The discussion on CHiCi is essential as to some authors [5, 105-107], it inspired 

researchers to start the Interactive SBS (iSBS) track in 2014. 

The iSBS (2014-16) track aims to investigate how users interact with the professional and 

social metadata at different stages of the search process while looking for books [5, 105-

107]. The aim is to extend the SBS tracks with a user-focused methodology for 

understanding the potential role of the social metadata in book retrieval by looking at user 

interactions with such collections. The track focuses on the complex focused and open IR 

tasks that lie beyond traditional known-item search to observe the book search behavior of 

the users while they interact with an extensive collection of book descriptions under 

controlled and simulated conditions that give them almost the “real-life experiences” of 

searching an online book catalog [105-107, 119]. The track builds on a subset of A/LT 

collection holding 1.5m book records [105-107]. 

3.1.2 The Search System and UIs 

The search system represents the IR component of the retrieval system used in the IIR 

experiments to produce a searchable index of the document collection. It is the application 

logic that works behind the UI enabling users to search and browse the collection. All the 

activities performed on the UI are logged in a database so that the search behavior of the 

users could be understood by looking at their interactions with the system. The UIs are 

normally of two types namely baseline interface, which resembles the classical graphical 

UI of traditional web or book search engines and multistage interface, where the interface 
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comprises of multiple stages. These interfaces come with different layouts, components, 

and functionalities to explore the collections and benefit from the available metadata 

features and facets in accomplishing a specific open or focused search task.  

The iTrack 2009 search system uses Daffodil digital library (DL), ezDL framework, and 

Apache Solr with standard baseline UI having basic functionalities shown in Table 3.1 

[114]. The same search system was used for iTrack 2010, whereas an additional version of 

the UI was introduced to restrict users from searching the collection using abstract and 

review fields [103]. Other changes include (i) showing query terms highlighted in the text 

of search results; and (ii) displaying available book reviews (title, ratings, helpful ratings, 

date) in the review tab for the selected book [103]. The search system for CHiCi 2013 

implements its IR component in Apache Solr with the UI named Cultural and Heritage 

Explorer (CHE) with basic search and browsing functionality, spell-checking and more 

like this recommendation [108, 109]. Table 3.1 summarises its basic UI 

components/functionalities [108, 109]. After adding a book to the book-bag, a pop-up 

window appears asking the users why they selected a book. The possible answers include: 

for a friend, personal use, possible future personal use, the item surprised them, and no 

specific reason as they just liked it. 

The search system used in Interactive SBS is based on Python Interactive IR Evaluation 

(PyIRE) workbench with IR component implemented in ElasticSearch [105-107]. It uses 

the baseline and multistage interfaces to record user interactions. The baseline interface of 

iSBS 2014 resembles a standard web interface with components/functionalities 

summarised in Table 3.1 [105]. The iSBS 2015 [106] uses the same baseline interface but 

with the addition of two facets to filter by topics (Amazon subject headings) and filter by 
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user tags (LibraryThing tags) with numbers indicating the number of books under each 

facet [106]. In 2016, the baseline interface was discarded [107]. 

Table 3.1: The User Interface and Its Functionalities in the Interactive SBS (2009-16) 

Track 
Type 

Functionality/

Component 

Description 

iTrack 

2009-10 

Baseline Task The task to be performed by the user. 

Search A Google-like search interface with advanced search options 

using the title, author, year, and search controls for changing 

the view of or sorting search results. 

Search Results Displays and updates the results list after the user hits the 

search button. 

Paginate To browse between multiple search results list pages. 

Details Displays the cover image and professional and social metadata 

of the selected item. The book can be bookmarked as not 

relevant, partially relevant or relevant. 

Basket  Adds books to the basket (book-bag). It resembles the personal 

book catalog in LibraryThing. 

Query History Displays the user search history during the current search 

session. 

Related Terms Allows refining the search results. 

CHiCi 

2013 

Baseline Your 

Assignment 

Like Task in iTrack 2009-10. 

Search Allows to search the collection using keywords. 

Category 

Browser 

Allows the user to browse the collection (267,768 categories 

under 24 top-level categories). 

Search Results Displays and updates the results list after the user hits the 

search button. 

Details Displays thumbnail, professional metadata and similar items. 

Book-bag Like Basket in the iTrack 2009-10. 

iSBS 

2014 

Baseline Task Like Task in iTrack 2009-10. 

Search Like Search in the iTrack 2009-10. 

Search Results Like Search Results in iTrack 2009-10. Each hit contains a 

book’s thumbnail image, title, authors, ratings, and reviews. 

Details Like Details in the iTrack 2009-10 but with no facility for 

relevance judgments. 

History Like Query History in the iTrack 2009-10. 

Book-bag Like Book-bag in CHiCi 2013 

Multistage Explore Baseline Interface + Switch (to other stages) and Filter (by 

facets). 

Focus  Baseline Interface + Topics + Search Results (modified) + 

Paginate. 

Topics Browsing and exploration using Amazon subject 

headings (as facets), the number before each facet 

shows the number of relevant books available to 

that topic. 
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Search 

Results 

Like Search Results in the baseline, but shows 

results in compact form (book title, average 

ratings). 

Paginate Like Paginate in iTrack 2009-10. 

Refine Quick 

Search 

Like Search in the baseline interface. 

Search 

Results 

Like Search Results in the explore stage, results 

can be filtered by topics or user tags. 

Similar 

Books 

Recommendations using <similar products> field 

of Amazon.com. 

Search 

History 

Like History in the baseline interface. 

Book-

bag 

Like Book-bag in the baseline interface. 

iSBS 

2015 

Baseline 2014 Baseline Interface + Facets. 

Multistage Browse Like the Explore stage of the 2014 multistage UI but without 

Book-bag, Search, and Search History. 

Search 2015 Baseline Interface, no Book-bag, Topic is pre-selected 

from the Browse stage, Search Results (with item details 

including description, publication, number of reviews, and 

tags), and Facets. 

Book-bag Remove To remove a selected book 

Similar 

Books 

Displays books similar by title, author, topic, and 

tags. The books are shown in compact form like in 

browse stage, where a popup window appears to 

display an item’s details when clicked. The results 

can also be paginated. 

Switch To switch between stages 

Add a 

Note 

Allows users to add a brief description of why did 

they select a book (can be used as a form of 

relevance judgments). 

iSBS 

2016 

Baseline Not Used. 

Multistage Repeated from iSBS 2015. 

The multistage interface of iSBS 2014 is adapted from [120], which divides the search 

task into three stages including explore, focus, and refine [5, 105]. The explore interface 

resembles the baseline interface in supporting the initial exploration of the dataset. Users 

can switch between the stages. Its multi-column search results list shows title and review 

ratings and allows users to filter out results as per their preferences [105]. The focus stage 

allows an in-depth exploration of the search results including full-metadata along with 

filter categories to refine search results [105]. At the refine stage, users refine their search 
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results by choosing books from the book-bag, but cannot enter this stage if no such book is 

added in earlier stages. Here, the search feature is kept minimal to support book list 

augmentation maximally. In both explore and focus stages, when a book is selected, a pop-

up interface appears showing all the available metadata in a tabbed manner [105]. In iSBS 

2015, these three stages were renamed from explore, focus, and refine to browse, for 

exploring book categories; search, for an in-depth search of the collection; and book-bag, 

for reviewing and refining their selections in the book-bag, respectively [106]. In 2016, the 

same multistage interface from 2015 [106] was adopted [107]. 

3.1.3 Experimental Setup and Methodology 

The experimental setup and methodology stand for the way the participants are involved in 

the Interactive SBS study. To understand the search behavior of the users, each experiment 

is defined in terms of the users, their mode of participation (Lab vs Web), their 

demographics and consent, pre- and post-task questionnaires, records/logs of user 

interactions with different UI components/features, and the use of different metrics 

including query length, session length, and the frequency of querying and switching 

between different types of interfaces. Based on the available literature cited in this chapter, 

Figure 3.2 depicts the experimental structure of iTrack 2009-10, CHiCi 2013, and iSBS 

2014-16 by highlighting the commonalities and differences among them. Table 3.2 

summarizes the details regarding the participants and their demographics. Table 3.3 

presents the classification of tasks, their nature, elements/sub-tasks, and constraints of 

whether a given task is mandatory or optional.  

The iTrack 2009 introduced three search tasks [114] including (i) broad, an exploratory 

search; (ii) narrow, searching for a relatively narrow and focused topic, and (iii) own (self-

selected), e.g., finding a book by students for their current course. The experiment asks 
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each participant to fill pre- and post-task questionnaires. All these actions are logged, and 

the respectively generated dataset is stored in the database [114]. The same experimental 

structure was adopted in 2010 with more emphasis on distinguishing the potential roles of 

social and professional metadata [103]. The search tasks were categorized into three 

groups including explorative, data gathering and own (self-selected). The explorative 

search represents a broad topical search using professional and social metadata especially 

reviews. This group contains the subtasks to find (i) trustworthy books on a specific topic; 

(ii) controversial books on a specific topic with a certain level of debatable issues; and (iii) 

highly praised books on a specific topic under some specific genre [103]. The data 

gathering is a non-topical search combined with professional and social metadata 

(especially tags) to collect books that might be helpful in fulfilling an information need. It 

contains subtasks of finding (iv) award-winning books of a specific genre and specified 

publication date; (v) best-selling books (in terms of price) with a specific genre and author 

on a specific topic; and (vi) books on specific entities with specified date/time. The third 

group, i.e., own, finds new books of a specific type or on a topic and not the ones that are 

already known to the searcher. Each participant must perform either one of the first two 

tasks. The third task is optional. All the events were timestamped and recorded into the log 

file along with details of the session, user actions and corresponding system-generated 

responses [103].  

The CHiCi 2013 adopted an almost similar methodology to that of iTrack with an 

exception that the former involves only one task of finding interesting, engaging, or 

relevant cultural heritage objects with no repetitions and studies interactions with EDL 

collection. The same experiment could be performed both at the lab and remotely using 

the same experimental setup [108]. The post-experiment questions on User Engagement 
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Scale (UES) [121, 122] as well as questions about the usefulness and usability of the UI 

are asked [108]. 

 

Figure 3.2: The Relative Changes in Experiment Structure in the Interactive Tracks 

Figure 3.2 shows the experimental structure of iSBS 2014-16 with details about the 

participants in Table 3.2 [105-107], which have been similar among the three years with 

few differences as well as to that of iTrack 2009-10. In 2015, an additional training step 

for newcomers was introduced and users were asked about their motivation behind 

performing a task [106]. Because of the limited use of the baseline interface in 2015, only 

the multistage interface was used in 2016, and an additional task with known-subject focus 

was introduced [107]. The findings were reported using the statistics including the session 

length, the number of queries and the number of books collected [105-107]. Both the open 

and focused tasks were mandatory in 2014-15, whereas in 2016 participants must perform 

only one task where the additional task is optional [105-107, 123]. The mandatory and 

optional tasks during Interactive SBS were developed as “simulated leisure task,” adopted 

from [124, 125] considering different search scenarios. 
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Table 3.2: The Demographics and other Details of the Subjects in the Interactive Tracks 

Track Users Gender Age in years 
Langu

ages 

Count

ries 
Experience Mode Details 

iTrack 

2009 
41 

Female: 17 

Male: 24 
Average: 28  NG 16 

Mostly 

students 
NG [114] 

iTrack 

2010 
49 

Female: NG 

Male: NG 
NG NG N.G N.G NG [103] 

CHiCi 

2013 
208 

Female:136 

Male:72 

Nearly 137 users are 

under 35 years [108]. 

Age groups: 

(i) 18-25 – 77; (ii) 

26-53 – 71;  (iii) 36-

45 – 28; (iv) 46-55 – 

20; (v) 56-65 – 12  

26 35 Students 

Lab: 48 

Remote: 

160 

[108] 

iSBS 

2014 
41 

Female: 27 

Male:14 

Age groups: 

(i) 18-25 – 16; (ii) 

26-35 – 21;  (iii) 36-

45 – 3; (iv) 46-55 – 1 

7 8 

Employees: 

9; Students: 

32 

Lab: 29;  

Remote: 12 
[5, 105] 

iSBS 

2015 
192 

Female: 120 

Male: 72 

Age groups: 

(i) 18-25 – 72; (ii) 

26-53 – 80;  (iii) 36-

45 – 25; (iv) 46-55 – 

8;  (v) 56-65 – 6; (vi) 

66+ – 1 

NG 
6 + 

others 

Employees: 

60; 

Students: 

128; 

Others: 4 

Lab: 56 

Remote: 

136 

[106]  

iSBS 

2016 
111 

Female: 60  

Male: 51 

Age groups: 

(i) 18-25 – 65; (ii) 

26-53 – 29;  (iii) 36-

45 – 1; (iv) 46-55 – 

8;    (v) 56-65 – 6; 

(vi) 66+ – 1 

13 15 

Employees: 

31; 

Students: 

77; Others: 

2 

Lab: 74 

Remote: 37 
[2, 107] 

The goal-oriented or focused task in 2014 [5] considers the scenario of searching books on 

a specific topic/area of interest for a layman that covers the subject area in an introductory 

yet interesting manner while at the same time enables the reader to find facts. The searcher 

has also heard about certain book authors but has never experienced reading their titles. In 

2015, the task contained five subtasks, in which the first task defines a clear goal, while 

the remaining ones allow the users to spend enough time for interacting with the available 

content and metadata through the UIs [106]. They must find five books to read while 

spending alone a vacation of one month on a desert island with no people, radio, TV or 

other distractions. The five books to be added to the book-bag should include one book 

each for survival in the island; for learning something new; covering their interests or 
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hobbies; being highly recommended in terms of ratings and reviews, and for having fun 

[106]. They were further directed to describe the reasons behind their selection [106]. In 

2016, the focused task continued with no changes [107]. 

Table 3.3: The Classification of Tasks, their Nature, Elements/Subtasks and Constraints in 

the Interactive SBS (2009-16) 

Track Task Nature Elements/Sub-tasks Constraints Details 

iTrack 

2009 

Broad Exploratory Thematic exploration of the topic. Find 

introductory books on (i) sociology, (ii) 

environmental friendly energy, (iii) 

existentialism 

Mandatory [114] 

Narrow Focused 

and narrow 

Find books that are (iv) trustworthy, (v) 

contain health/beauty effects of olive oil, (vi) 

about Kabbalah 

Own Self-

selected 

Find an additional textbook for one of your 

current course 

Optional 

iTrack 

2010 

Explorative Exploratory Find books that are (i) trustworthy, (ii) 

controversial, (iii) highly praised 

Either is 

mandatory 

[103] 

Data 

Gathering 

Non-topical Find books that are (iv) award-winning, (v) 

best-selling, (vi) containing specific entities 

with specified date/time 

Own Self-

selected 

Find a new book of a certain type or on a 

specific topic 

Optional 

CHiCi 

2013 

Broad Exploratory Find cultural and heritage information object 

that is interesting, engaging, or relevant to 

your topic of interest 

Mandatory [108] 

iSBS 

2014 

Focused Exploratory Goal-oriented. Find books covering a specific 

topic/area on the subject in an introductory yet 

interesting manner that supports facts finding 

Mandatory [5, 105] 

 Open Exploratory Non-goal. Find books that are interesting, 

engaging, or relevant to your topic of interest 

iSBS 

2015 

Focused Exploratory Same as in 2014. Additionally find books on 

(i) survival in an island, (ii) learning new 

things, (iii) covering interests/hobbies, (iv) 

having fun, and (v) highly-recommended ones 

Either is 

mandatory, 

assigned 

automatically 

[106] 

Open Exploratory Non-goal. Same as in 2014. 

iSBS 

2016 

Focused Exploratory Same as in 2015. Same as in 

2015. 

[2, 107] 

Open Exploratory 

Additional Known-

subject 

focus 

Find books covering (i) historical events, (ii) 

specific theme/writing style, (iii) language 

evolution, (iv) paintings, (v) mystery novels 

with complex plot, (vi) introduction to a 

topic/subject, (vii) mystery or thriller with 

romance, and (viii) specific aspect of history 

Optional 
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3.2 Summary of Key Observations 

This section presents the findings regarding the user book search behavior and how the 

type, functionality and the language of the UI affect it. 

3.2.1 Book Search Behavior 

This section uncovers the book search behavior of users and their interaction patterns in 

the context of Interactive SBS recorded during iTrack, CHiCi, and iSBS. The interaction 

patterns, being part of the book search behavior, are the ways users accomplish a specific 

retrieval task by interacting with different UI components/features. Studying these patterns 

help designers and developers to understand the search behavior of users to develop more 

interactive and user-friendly retrieval solutions [126]. 

a. The iTrack 2009-10 

Based on [114], Figure 3.3 reports several aspects of the book search behavior under the 

iTrack 2009. Users are selective regarding the use of metadata fields. The book title is 

preferred over the author, year, and publisher name. The tags are less important than 

keywords and reviews. The publisher’s description is useful than most of the metadata 

fields. They are also interested in the relevance score. Users efficiently perform the 

assigned task and benefit from the professional and social metadata especially reviews 

[114]. They use the advanced search options less frequently, find “related terms” less 

useful and criticize the data heterogeneity, unbalanced distribution of metadata among 

books, and lack of highlighting query terms in the search results hits. Based on [114], 

Figure 3.4 shows the most frequent user interactions regarding the use of different UI 

components/features and types of metadata fields under the iTrack 2009. Users adopt 

longer sessions for broad and narrow tasks than self-selected ones. The open (exploratory) 
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task results in lengthier sessions, frequent searches with short queries, and more books 

added to the book-bag than the open task [114]. Figure 3.5, based on [103], shows that 

during 2010, users performed all the explorative, data gathering, and self-selected tasks 

equally with little variations in data gathering’s subtasks. 

Using logging and eye-tracking, Tran and Fuhr [127] identified four most frequent 

interaction patterns (i) keyword searching, (ii) viewing results and selecting an item, (iii) 

viewing the selected item details, and (iv) adding books to the basket. They recorded 

longer session duration for the third pattern followed by first, second, and fourth. Pharo 

and Nordlie [128] identified significantly different behaviors at different stages of the task. 

At early stages, users judge more books as relevant and are uncertain whether the books 

are relevant. The novice searchers view comparatively more books than experienced ones. 

They also add more books as relevant compared to experienced searchers who benefit 

from their knowledge of the area. 

 

Figure 3.3: The Use of Metadata Fields against Specific Tasks in iTrack 2009 [114]. 
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Figure 3.4: The Average Number of Events against a Specific Task and across All Tasks 

in iTrack 2009 [114]. 

 

Figure 3.5: The Selection of Sub-tasks by Users against the Two UIs in iTrack 2010 [103]. 
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are due to their feeling of being watched in the lab [108]. The participants are less satisfied 

with the UI, although find the professional metadata more useful [108, 109]. 

Among the identified six areas of interest, the search box, item details, and book-bag are 

most frequently used later in the session (when the item is selected) than assignment, 

results, and category browser [129]. Hall et al. [130] identified six interaction patterns 

including selecting a category, searching, viewing an item, selecting a metadata facet to 

explore the collection, paginating to the next results page, and adding an item to the book-

bag [130]. For the open task, users spend more time on the category hierarchy than 

searching to develop their initial understanding of the collection whereas for the focused 

task, they perform searching more prominently [130]. They start the session from using 

category, item, paginate or book-bag [130], prefer browsing over searching and browse 

many categories than the number of queries in searching [130]. 

 

Figure 3.6: CHiCi 2013: Types of Interactions, Time Spent, and their Frequency [108, 

109]. 
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c. The Interactive SBS 2014-16 

Based on [105-107], Figure 3.7 uses the median (i) number of queries entered, (ii) number 

of books added to the book-bag, and (iii) session length to compare the baseline interface 

against the multistage interface of (a) 2014, and (b) 2015 for focused and open tasks, 

respectively. In 2014 [105], for the focused task, users issued more queries on the baseline 

interface than on the multistage interface whereas for the open task they remained similar. 

The multistage interface was supportive in adding books to the book-bag for both focused 

and open task. Users spent longer session for both tasks on the baseline than on the 

multistage interface. In 2015 [106], users showed lower session length for both focused 

and open tasks on the baseline interface than on the multistage interface, they used more 

queries on the baseline interface for both tasks and showed no significant difference 

regarding the number of books added on both interfaces.  

  
(a) (b) 

Figure 3.7: The Number of Entered Queries, Collected Books, and Session Length in 

Open vs Closed Tasks on both Interfaces in 2014 (a) and 2015 (b) [105-107]. 

Like Figure 3.7, Figure 3.8 uses the same parameters to compare the (a) baseline interfaces 

of 2014 and 2015, and (b) the multistage interfaces of 2014-16. Users issued more queries 

in 2015, collected more books and spent longer time for both tasks. In 2016, the duration 
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of open and focused task matches to those of 2015, indicating the stability and data 

comparability of the experiment across the two years [107]. They are also similar 

regarding the number of books collected, but higher than that of 2014. The number of 

queries is significantly different between open and focused tasks among the three stages of 

multistage UI. Figure 3.9 shows the statistics about the additional task in 2016. The sub-

tasks including history books, mystery novels, and romantic mystery/thriller novels 

received less number of queries. The number of books added to the book-bag show 

variations for the open task [107]. Except for the French revolution, all the sub-tasks 

under the additional task are easier to perform, which means that known-item search is 

easier to perform than the open/exploratory task [107]. The exceptional case of French 

revolution needs further research [107]. 

  

(a) (b) 

Figure 3.8: The Number of Queries, Books and Session Length in the Open vs Closed 

Tasks on 2014-15 Baseline (a) and 2014-16 Multistage Interfaces (b) [105-107]. 
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the title, subject, and general description are important, others consider its relative position 

in the search results list, and sometimes they find reviews and tags more useful. The social 

metadata is more frequently used on both interfaces and for focused and open tasks. 

 

Figure 3.9: The Number of Queries, Books and Session Length across All Tasks on 2016 

Multistage Interface [107] 
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Figure 3.10. Users find the book-bag feature useful in selecting and annotating books, 

especially for open tasks. 

 

Figure 3.10: The User-defined Relevance Aspects that Ultimately Lead to the Book 

Selection during Searching [133]. 
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primarily browse, followed by browse with the query (10), and query. For the focused 

task, the majority of the participants (51) browse but in combination with the query, 

followed by the query (36), facet (10) and browse with the query (6). The interaction 

patterns include query, browse, metadata, paginate, book-bag, similar,  facet, and item 

[135]. The users show almost similar interaction patterns during 2016 [123], they browse, 

search or perform both actions on the explore stage. They spend more time in the explore 

stage of the open task than the focused task, and their activities vary mostly in the search 

stage. A trend of moving from browsing-based strategies in 2015 to mixed strategies with 

significant involvement of search element is observed in 2016. Overall, no significant 

differences are seen due to the structured nature of the focused task [123].  

Zhang, Liu and Hansen [136] classified the user book search behavior into several classes 

and represented them with indicators. These include: task level, the number of books 

added to the book-bag and the number of times users switched between stages; search, the 

number of search queries and search resets; browse, browsing, adding/removing facets, 

showing item, viewing metadata, similar books, pagination (navigating between pages); 

and book-bag, adding/removing books to the book-bag, the number of books selected and 

annotated. They also identified several browsing patterns. These include start, selecting a 

top-level topic in the explore stage; depth, selecting a child topic under the already 

selected topic; breadth, selecting a sibling of the currently selected topic or under the main 

topic; backtrack, selecting one of the ancestors of the currently selected topic; and restart, 

selecting a top-level topic that is not related to the currently selected one. Among these, 

the backtrack is less frequently observed in both years and tasks, and seen only in complex 

browsing patterns (7-12% approximately) [123]. In the open task, users used depth and 

breadth together frequently in 2015. Breadth is used less frequently in 2016 with a straight 
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depth showing that participants consider “looking around the leaves of a branch” less 

valuable and prefer to backtrack and then start [123]. For the focused task, participants in 

2016 find the explore stage more beneficial; however, they explore only one branch and 

then move to the search stage [123]. A significant reduction was found in the depth and 

breadth patterns [123]. 

3.2.2 The Effect of User Interface 

The type of interface affects the search behavior of users [132]. Users can efficiently use 

the multistage interface with no significant learning effects [134]. The multistage interface 

is faster in performing focused and open tasks and supportive in collecting books 

(especially for the open tasks and in the explore stage). Users spend a comparatively 

longer time at the focus stage than the explore stage but rarely use the refine stage [134]. 

While studying the influence of the baseline and multistage interface on the search 

behavior of users, Huurdeman et al. [135] identified eleven types of interaction patterns, 

which are visualized in Figure 3.11 with their mean frequencies on both interfaces as well 

as in different stages of the multistage interface. It was observed that the multistage 

interface is more useful than the existing classical search interfaces [135]. Users frequently 

use the paginate function but make minimal use of querying and filtering due to the 

availability of more elaborate browsing options. For the open task, they use metadata 

more frequently on the multistage interface but prefer the baseline interface. For the 

focused task, they frequently switch between the three stages of the multistage interface. 

On the UES scale [122] for user engagement, the multistage interface seems more 

engaging; however, there are significant differences regarding endurability and felt-

involvement. On either interface, the user-engagement is almost the same for both tasks. 

Users comparatively spend more time on the multistage interface for both tasks, especially 
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in terms of endurability and felt involvement [135]. The three different stages of the 

multistage interface and switching between them encourage different search and browsing 

activities, in which browse is more supportive to the open task and search is mostly used 

for focused tasks [135]. More specifically, the multistage interface has more considerable 

support for exploratory search than the baseline interface; however, this needs further 

research [135]. Gäde and Petras [133] observed the minimal use of the book-bag in the 

multistage interface, but found it more useful in the baseline interface. Users found the 

similar-books feature of the multistage interface less helpful [133]. Fewer searchers used 

multistage interface [132]. 

 

Figure 3.11: The Mean Frequencies of the Interaction Patterns on Baseline vs Multistage 

Interface for Focused vs Open tasks [135]. 
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3.2.3 Language Barriers 

Three recent studies [136-138] studied the effect of language skills on search behavior. 

Skov and Bogers [137] compared 49 native and 143 non-native English language speakers 

to identify differences in their search behavior, visualized in Figure 3.12. The non-native 

speakers spend more time on both tasks, but the difference between the two groups for the 

open task is not significant (indicated by * ) [137]. There are no significant differences 

regarding the number and length of search queries, the number of search results inspected, 

the number of books and notes added to the book-bag and the length of the notes. 

However, among the thirty-one variables of the UES, they found significant differences in 

engagement. The language proficiency has no significant effect on fatigue experienced by 

users due to task ordering [137]. However, an analysis of the post-questionnaire [133] 

reveals that non-English users find the UI and content, being in English, as a barrier to the 

search and discovery process. The same was observed by [138] who found that language 

skills affect both focused and open tasks on the multistage UI. 

From the log data analysis, Gaede Hall [138] extracted and processed several essential 

details. These include session length; first interaction, the time between the UI loading and 

first activity; first query, the time between the UI loading and first query; first book, the 

time between UI loading and first book added to the book-bag; and books, the total 

number of books added. The native English speakers are significantly faster in the focused 

task of 2014 for first interaction, and first query with no significant differences regarding 

session length, the first book, and books added to the book-bag [138]. The slower first 

interaction of the non-native English speakers shows that this impact remains for the open 

task. For the focused task of 2015, regarding session length, the native English speakers 

are significantly faster than others are. No differences in first interaction and books 
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suggest that non-native English speakers need more time to inspect and select books. 

However, the longer session length, especially for leisure tasks, does not necessarily 

indicate that the user search experience is poorer [138]. For the open task, there were no 

significant differences in session length across 2014-15. In 2014, native English users 

were slow regarding first interaction but faster in terms of the first query, the first book, 

and books. In 2015, there is no significant difference in the first query and the first book. 

However, native English speakers were faster regarding first interaction and collecting 

more books [138]. 

 

Figure 3.12: The Effects of the Language on the Book Search Behavior of Users [137]. 

Zhang, Liu and Hansen [136] studied how Chinese language speakers interact with the UI 

and content presented in English. Figure 3.13 shows search time in minutes for focused + 
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metadata than non-Chinese speakers. They use a significantly higher number of queries for 

the focused task (native English and others issued a similar number of queries), while for 

the open task, native English speakers issue less number of queries (Chinese and others 

issued similar ones). Chinese speakers seem more reliant on system-generated 

recommendations. The three language groups vary significantly regarding browsing the 

search results list and viewing item details. English speakers find browsing books and 

search results less useful, while no significant differences are seen between Chinese 

speakers and others [136]. Chinese speakers perceive the search box more useful as 

compared to the native English speakers and others [136]. On the UES scale [122], 

significant differences were recorded with the highest engagement scores for Chinese 

[136]. 

 

Figure 3.13: The Search Time Differences among Subjects regarding Different Tasks 

[136]. 
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3.3 Discussion and Analysis 

The research on Interactive SBS (2009-16) visualizes several aspects of the book search 

behavior of users. The uniformity in the goals and experimental settings enables us to 

draw several research implications towards better understanding the users’ book search 

behavior to design more efficient search solutions as discussed in Section 3.2. Yet, certain 

aspects need the attention of the researchers to arrange better future IIR evaluation 

campaigns for the Interactive SBS. These are discussed in the following sections. 

3.3.1 Utilizing the Existing Body of Knowledge 

Although Interactive SBS track adapted the metadata-based retrieval from Social Book 

Search and the interactivity aspect from CHiCi track, it never benefited from the research 

findings of the SBS track (2011-16). There are several good social book retrieval systems 

developed under the SBS track [1, 13, 139-142] that could be considered while designing 

efficient search systems for Interactive SBS experiments. In addition, the research findings 

of the previous year of the Interactive SBS track were not exploited to improve the UI for 

the next year. The resulting deficiency in the UI makes it difficult to decide whether the 

search system performed poorly, the UI is inefficient, or the users are unable to achieve 

their goals.  

3.3.2 Improvements in Search System and UIs 

One possible side effect of the not utilizing the existing body of knowledge is to rely on 

the traditional keyword-based search and limited browsing capabilities of the same 

retrieval system across the years. This reliance results in the well-known phenomena of 

Information Overload, where the searchers, which are mostly students in this case, 

formulate and reformulate the search queries in search of representative keywords that 
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could ultimately retrieve the desired relevant results. This overload happens especially in 

the case of exploration when the users are not clear what the search index or collection 

contains about their information needs. This situation gets worst when the users focus 

more on finding suitable queries (to deal with the information overload) than searching for 

relevant items. Therefore, it becomes necessary to mitigate this issue by considering 

semantic search and faceted browsing with important facets reflecting the contents of the 

A/LT collection. In this regard, dividing the available collection into representative 

clusters (on the UI) could be beneficial, especially for less experienced searchers.  

Semantic Web and LOD should be exploited to make the search and exploration 

meaningful and beneficial for the subjects so that their interactions with professional and 

social metadata could be recorded accurately and precisely. Also, the modern retrieval 

systems are designed as a hybrid system by combining book search with recommendation 

[1, 141] which may be considered in designing the retrieval system of future Interactive 

SBS experiments. This needful addition is also reflected in Interactive SBS tracks in the 

form of similar books (by exploiting Amazon’s “similar products”) and More Like This 

services. However, to understand the actual benefits of the recommender systems, the 

search system of the Interactive SBS could be combined with one of the best book 

recommender systems reported in [143] and should be appropriately made part of the UI 

so that users can use them.  

Users consider different search UI features at different stages over the course of time with 

apparent differences in initial and final stages of the search session as well as in the 

information collected, relevance, and search tactics of the user. However, this division into 

stages exists in theory both at the interface and system levels and their pragmatic 

translation into the UI and search system is still a research question  [144]. To address this 
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question, the Interactive SBS has adopted using both the baseline and multistage UI by 

adopting the search model of [120]. The use of the multistage interface can be more 

beneficial to the users if the UI features are adaptively presented at different stages of the 

search process with varying degree of details, prominence, position, and size [144]. 

However, modern search applications including Google, Google Books and Amazon have 

ignored this model by adopting a one-size-fits-all approach, where a single baseline 

interface is used for all types of search stages and tasks [144]. On the other side, the 

baseline interface was dropped during 2016 by the Interactive SBS track due to its limited 

usage in 2015. Although apparently, it highlights the conflicts between the modern 

baseline and multistage UIs, it is not the case because the different stages of the multistage 

UI are using the same baseline interface with minute changes. It is, therefore, necessary to 

find out ways of designing a book search UI that can adapt itself to the search behavior of 

users as well as exploit the benefits of search UI features adaptations at the different stages 

of a search session [144]. The search system and UI should facilitate both novice and 

expert searchers [128]. 

3.3.3 Updating the Outdated Datasets 

The A/LT book collection, used in iTrack 2009-10 and iSBS track 2014-16 contains 

professional and social metadata enough for experimentation of SBS track. However, to 

gain a detailed understanding of the book search behavior of the users, it is necessary that 

either the full text or parts of such books be available or at least these are used in searching 

and matching results. For example, after selecting a book and going to its detailed view, a 

link should be available to see if the user is interested in the full text, showing the search 

terms highlighted inside the text or text excerpts of the book, as Google Books does. Other 

visualizations of the book based on its content and structural semantics are also possible, 
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e.g., creating a word/concept cloud, showing conceptually related figures, images, and 

tables relevant to the search query, and recommending parts of the book. Including these 

functions will most probably affect the user decisions of adding/removing books to the 

book bag. In simple words, book search is complicated especially when it comes to the 

open tasks, however, even for known-item search, users may develop different interaction 

patterns, which are essential to identify so that the real image of the search behavior and 

the associated information needs of book readers could be captured. The dataset should be 

enriched and updated by allowing users to rate, review, and recommend books, so that the 

problem of outdated datasets, as pointed out by [145], could be mitigated. 

The authors [136, 146] have different opinions about the usefulness of recommendation 

services (similar products and more-like-this) of the multistage interface. Chinese users 

find this function useful and rely on it for finding similar books [136]. Gaede and Petras 

[146] see users rarely considering this functionality in the presence of the more useful 

browse functionality. They report the limited or unknown exploitation of the factors 

working behind <similar products> tag [142, 147] provided in the A/LT collection. It 

would again be helpful if the current research on book recommendations, conducted at 

least under the SBS track, is considered in designing the recommendation function of the 

multistage UI. The recommendation service should also be added to the baseline interface 

to understand how users behave in the one-size-fits-all type UI of a book search solution. 

Only then, we would be able to understand the potential usefulness of and users’ reliance 

on book recommendations. 

3.3.4 Evaluation Methodology and Metrics 

The Interactive SBS used several evaluation metrics including the (i) number of search 

queries, (ii) the length of the search query, (iii) the length of the search session, and (iv) 



77 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

the number of switches on the multistage interface. These metrics, although valuable, 

provide a very basic understanding of the book search behavior of users and therefore, a 

detailed evaluation and in-depth analysis is mandatory. One possible solution could be 

using detailed factor analysis [mandatory for all contributors] on the collected data, as 

pointed out by [115] for iTrack. 

Another critical issue is the limited understanding and consideration of the aspects of 

relevance. The iTrack 2009-10 uses relevance assessments in its UI, whereas no 

functionality was available in the Interactive SBS track for making relevance judgments. It 

makes it difficult to assess whether the book added to the book-bag is relevant to the 

information need of the user and the retrieval system is capable of finding relevant books. 

The overview papers on Interactive SBS 2014-16 have no clear indication of how 

relevance is defined at all. Although SBS Track/Lab used several relevance judgments 

with well-defined relevance criteria, these have never been used for the Interactive SBS. 

According to [115], “relevance in itself constitutes a challenge” and makes it difficult to 

find a representative evaluation metric that represents the user information need and assess 

the performance of the retrieval system. 

Relevance can be categorized as user relevance and system relevance [148]. The former is 

covered by the IIR evaluation methodology under the Interactive SBS and consists of log 

analysis, pre- and post-experiment, pre- and post-task as well as UES scale questionnaires 

[5, 105-107]. The latter is reflected in the performance evaluation of the SBS retrieval 

systems using evaluation metrics including Precision (P), P@10, Recall (R), R@1000, 

MAP, Mean Reciprocal Rank (MRR), Normalized Discounted Cumulative Gain (nDCG), 

and nDCG@10  [2, 5, 7] to evaluate and compare the submitted runs. Both go in separate 

directions, and neither of these benefit from each other. Therefore, some robust evaluation 
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framework is required to consider the fusion of these measures in a balanced manner 

[145]. To achieve this common understanding of the relevance and its possible better 

exploitation in Interactive SBS evaluation campaign, researchers must consider both sides 

of relevance towards the common goal of the efficient retrieval system and higher user 

satisfaction. According to [149], such an IIR evaluation framework must possess the 

essential properties including continuity, complexity, flexibility, realism, and 

measurability. 

3.4 Summary 

This chapter is an attempt towards filling the literature gap of presenting a birds-eye-view 

to the overall progress of understanding the book search behavior of users while 

interacting with book collections having professional and social metadata. It presented the 

current state of the Interactive SBS research by highlighting the commonalities and 

differences among iTrack, CHiCi, and iSBS tracks towards the common goal of 

understanding the book search behavior of users. It tried to present all the critical 

observations and research findings regarding book search behavior with details on how the 

type of UI and language affect it. It attempted to draw some useful research implications 

as well so that the future Interactive SBS evaluation campaigns could be more effective 

and useful. From these findings, it can be concluded that several modifications and 

improvements are required in the search system, UI, and evaluation methodology 

including updating and enriching datasets and evaluation metrics. The next chapter, which 

is the third and final chapter of Part-I covers the retrieval side of the Social Book Search 

by reviewing the latest relevant literature.  
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Chapter 4 : Social Book Search – The 

Current State 

The book retrieval experiments have been in the literature for about more than three 

decades however, the SBS research got its inspiration from the inevitable interest of online 

readers in the Social Web. Users contribute to the book descriptions in the form of social 

metadata that could be exploited in making book retrieval more efficient. This chapter 

gives in-depth and comprehensive coverage to the IR-side of SBS from its origin to the 

present day by critically and analytically reviewing the academically significant relevant 

research contributions. It reports on the SBS approaches by discussing their proposed 

retrieval method, evaluation methodologies, and retrieval performance from research 

publications published under the INEX Book and Social Search Track (2011), INEX SBS 

Track (2012-14), CLEF SBS Lab (2015-16), and research papers published in other 

conferences and journals of high repute. Specifically, it answers two research questions: 

What social and semantic approaches have been adopted for book search and 

recommendations in the SBS context? What are the current trends and future research 

avenues in book retrieval and recommendations under the umbrella of SBS? To answer 

these questions, this chapter spans five sections. Section 4.1 discusses the origin and 

evolution of SBS. Section 4.2 presents a classification of SBS book retrieval methods and 

contributes an evaluation framework that summarizes and compares the available SBS 

“Rereading, we find a new book.” 

– Mason Cooley  
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solutions. Section 4.3 presents a discussion on the best-performing runs from the selected 

publications. Section 4.4 presents a detailed discussion and analysis including the current 

trends and research challenges and opportunities. Section 4.5 summarizes and concludes 

the chapter. 

4.1 Origin and Evolution of Social Book Search 

The INEX book search experiments started in 2007 with the goal to research “book-

specific“ relevance ranking techniques, user behavior and user interface issues by 

exploiting books’ special features including TOC, back-of-the-book indexes, and linking 

to their associated metadata [150]. In 2011, INEX renamed the track as “Books and Social 

Book Track” with the aim to develop retrieval solutions in supporting users to search, read 

and navigate full-texts of e-books collections using their associated professional and social 

metadata [10]. The track aimed at developing and evaluating book retrieval solutions using 

suitable test collections and evaluation benchmarks – a forum where researchers can 

discuss and exchange ideas about social, semantic and focused book retrieval tasks [6, 8-

10]. In 2012, the track was renamed as “Social Book Search” and ran as the INEX SBS 

Track (2012-14) and CLEF SBS Lab (2015-16). This evolution is depicted in Figure 4.1 

and detailed in the following subsections regarding track setup, retrieval tasks, submission 

format, and datasets including A/LT collection, topics sets, and relevance judgments. 

4.1.1 Track Setup and Retrieval Tasks 

In 2011, the track defined four tasks: (i) Social Search for Best Books, to evaluate and 

compare IR techniques in retrieving relevant books using professional and social 

metadata; (ii) Prove It! to evaluate and compare retrieval effectiveness of focused IR 

techniques to retrieve book parts that confirm or refute factual statements; (iii) Structure 



81 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

Extraction, to evaluate structure extraction techniques to build a hyperlinked TOC from 

digitized book; and (iv) Active Reading to explore suitable user interfaces for reading, 

annotating, reviewing and summarizing books [10]. The 2012 SBS track continued with 

the same goal. However, this time, the SBS task focused on developing book IR 

techniques to deal with complex user information needs by including aspects like recency, 

interestingness, engagement, genre, quality, writing style, etc., and complex data sources 

including professional and social metadata, user profiles, and their personal book catalogs 

available on social book websites [9]. The 2013-14 SBS tasks focused on developing book 

IR techniques (using professional and social metadata) and evaluation methodologies for 

book retrieval that combine aspects of search and recommendation [6, 8]. In 2015-16, the 

SBS task continued with the same goal but renamed as SBS suggestion task and ran under 

the CLEF SBS Lab [2, 3]. 

For SBS experiments, the data comes from the A/LT corpus consisting of professionally 

curated metadata including bibliographic details, classification labels, DDC codes, etc. 

[10]. In 2012, the collection was extended with more than 1.76m additional metadata 

records from the British Library (BL) and Library of Congress (LoC) [9]. The same 

collection was used in 2013-16 [2, 3, 6, 8]. However, the topics sets and the relevance 

judgments remained different during 2011-16, discussed briefly in Section 4.1.2. 

For the submission of the official runs, TREC (Text REtrieval Conference) submission 

format was adopted, in which a retrieval result is represented by a single line having six 

columns including (i) topic_id, a LibraryThing thread number of the topic; (ii) Q0, the 

query number (empty, not used); (iii) ISBN; (iv) rank, the ranked position of the retrieved 

document; (v) RSV (Retrieval Status Value), the score of the document; and (vi) run_id, a 

number that identifies topic statement and the participating group [10]. Six runs could be 
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submitted to the SBS task, where at least one of them should use the topic’s title field [10]. 

The same submission format was used for the remaining five years as well [2, 3, 6, 8, 9]. 

 

Figure 4.1: The Origin and Evolution of Social Book Search 

4.1.2 Topics Sets and Relevance Judgements 

Users discuss their information needs by creating topic threads in the discussion forums of 

LibraryThing [10]. These topic threads are started by the searcher, who requests 

recommendations from group members about books either on a specific topic, subject or 

research theme, similar to the one they have already read or read for fun [10]. Other 

members reply with links to books available on LibraryThing or directly connected to 

Amazon using touchstones. The suggested books are treated as initial relevance 

judgments. However, some of the books (identified through touchstones) are incorrect and 



83 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

may not be what is requested by the creator of the topic and therefore, are taken as 

negative examples [10].  

For 2011 topics set, the organizers [10] crawled 18427 topic threads from 1560 discussion 

groups and extracted 943 topics containing requests for the book suggestion. Each topic 

held <title> and <group> fields; however, most of the title fields in the initial message 

were not a good representative of the mentioned information need. Therefore, they used 

these titles as search queries to run against the A/LT index to retrieve new topics, which 

were then evaluated using the books suggested through touchstones. A topic was selected 

if it retrieves 50% of the recommended books in the top 1000 results list and was 

(manually) labeled with additional fields including <type>, <genre>, <similar>, 

<dissimilar>, <narrative> (the first message of the thread), and <specificity>. Removing 

topics holding vague information request or those relying on external sources (for deriving 

information need) resulted in a set of 211 topics [10]. For specificity, each topic was 

labeled either as narrow (focused) or broad (general, open) [10]. Books were also labeled 

as either positive or negative examples of what the user requested. The participants were 

requested to generate queries using <title> and <narrative> fields and use each 

recommended book for a topic in the evaluation, where book identified through touchstone 

should be considered relevant to the topic [10]. They also hired paid annotators through 

Amazon Mechanical Turk (AMT) to manually annotate 24 out of 211 LT topics (12 

fiction, 12 non-fiction) with details available in [10]. 

In 2012, the same topic selection procedure was applied to a crawled collection of nearly 

60,000 topics, resulting in a reduced set of 6510 topics [9], which were processed through 

the regular expressions to select topics containing phrases like “suggest,” “looking for,” 

and “recommend.” From the resulting set, topics were randomly picked but selected those 
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topics, where an actual request for a recommendation is present in the initial message, 

resulting in 89 topics. Each selected topic was labeled with topic type including, e.g., 

requests for book related to the author, subject, genre (fiction, non-fiction), edition, etc. 

[9]. They simplified the 211 topics from 2011 SB task by changing labels from “genre” to 

“fiction/non-fiction,” “literature” to “fiction,” and removing specificity labels and 

examples. The aim is to identify topics, in which the title describes the information need. 

The relevance of books suggested in the topic thread could be distinguished by comparing 

books already available in the topic creator’s catalog (pre-cataloged books) and books that 

were added after the topic thread started (post-cataloged). Therefore, user profiles of the 

creators of the selected topics were collected and shared among the participants. Each 

profile contains the list of books from the user catalog, the date of cataloging and tags 

assigned to each book [9]. 

Based on this information, the suggested books were split into pre-cataloged, post-

cataloged, and non-cataloged suggestions [9]. A book suggestion is less valuable either if 

it is pre-cataloged or not cataloged before/after the topic creation. In both cases, the 

relevance of the book goes beyond topical relevance [151]. The suggestion is of great 

value if the suggested book is post-cataloged [9]. The book suggestion using touchstone 

that is self-suggested by the topic creator is considered non-relevant except if the topic 

creator post-catalogs it, which signifies that the topic creator eventually considers the book 

good enough to meet her information need [9]. In total, 300 topics (211 from 2011 + 89 

this year) were used in the experiments. To focus on the suggestion, the list of 300 topics 

were filtered for topics in which at least one of the suggested books was added by the topic 

creator to her catalog, leading to 96 topics for evaluation [9]. The post-cataloged books are 

given higher relevance score/value (RV). A suggestion receives RV = 4, if post-cataloged; 
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it is relevant (RV=1) if either pre- or non-cataloged suggestion but not by the topic 

creator; and non-relevant (RV=0) if either a pre- or non-cataloged suggestion made by the 

topic creator herself, this includes negative examples and books already known to the 

topic creator [9]. 

In 2013, RSLIS hired three paid annotators who annotated 1100 topics from an initial set 

of 9401 topic threads. Filtering these annotated topics for the information need reduced the 

collection to 386 topics. Six topics were identified as containing no recommendations and 

therefore removed, resulting in a total of 380 topics [8]. In 2014, this topics set was 

extended with 300 additional topics by hiring five more students and keeping the 

evaluation and topics creation methodology the same, resulting in 680 topics [6]. A subset 

of these 680 topics (208 topics) having both the information need in the form of narrative 

and one or more example books for guiding suggestions was used in 2015 [4]. They kept 

the evaluation and topic creation methodology unchanged but selected topics having pre-

cataloged, post-cataloged and example books specified through touchstone [4].  

The annotations or labels are used to determine the relevance value of the suggested book, 

where books mentioned as positive, negative, neutral or for other reasons are differentiated 

[4, 6, 8]. Books mentioned by the searcher are considered essential, where the first 

mention is considered the suggestion and the remaining ones as replies, the phrases like 

“has read” show that a member has read the books and “not read” otherwise [4, 6, 8]. 

Several assumptions are also made: (i) the book is treated “not read” if the annotator is not 

sure whether the suggestor has read it; (ii) the book is treated “neutral” if the annotator is 

not sure whether it is mentioned positive, negative or neutral; (iii) “has read” book 

suggestions are more valuable than “not read”; (iv) positive and negative 

recommendations together neutralize each other; (v) the book read and mentioned by the 
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starter has RV =0; (vi) it is the topic starter for which the book should be retrieved and not 

for others; and (vii) when a single work is discussed multiple times, the last mention 

should be treated as judgment. These assumptions were repeated from 2013-15 [4, 6, 8]. 

Figure 4.2 depicts the decision tree
22

, used to determine that from which forum members 

the judgments should be derived [8]. The same is used in 2014-15 [4, 6]. The annotated 

judgments are then mapped to RV = {0, 1, 2, 3, 4, 6, 8} as per the decision tree of Figure 

4.3 [8]. The decision trees used in 2014-15 can be viewed at the INEX official website
23

. 

 

Figure 4.2: Decision Tree for Selecting Relevance Judgements 

The 2016 topics set was created by assessing 2000 threads, which resulted in 272 threads 

labeled with book search requests. Out of these, 124 were known-item searches, which 

were removed to reduce their dominance on evaluation and comparison of system 

performance. The topics having no LT book suggestions and no associated user profiles 

were removed leading to a set of 120 topics. Unlike 2013-15, the mapping of book 

suggestion to their RVs was simplified: (i) a suggested book has RV = 1; (ii) a suggested, 

                                                 
22 https://inex.mmci.uni-saarland.de/tracks/books/2013/resultsv2.html 
23 https://inex.mmci.uni-saarland.de/tracks/books/INEX14_SBS_resultsv2.html 
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pre-catalogued book receives RV = 0; (iii) a post-catalogued book receives RV = 8. The 

books mentioned in the requests but not available in A/LT collection were removed or not 

considered [2].  

 

Figure 4.3: Decision Tree for Assigning RVs to Relevance Judgements, a Mentioned 

Work Has the Base RV = 2 

4.2 Classification of Book Retrieval Methods 

The SBS retrieval methods could be categorized into three groups [152]. The query-

document matching methods define the document relevance against the search query by 

the presence and frequency of search terms in it. The language modeling methods exploit 

language modeling (LM, e.g., Sequence Dependence Model) to model queries 
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linguistically and use the social metadata in the context of classical IR systems. The social 

feature re-ranking & merging methods use the professional and social metadata in finding 

the similarities between books by combining book search and recommendation [152]. A 

fourth category, named semantics-based methods can be added that exploit book structure 

and ontologies along with the professional and social metadata [16, 153]. This section 

discusses these methods and summarizes, evaluates and compares them using a theoretical 

evaluation framework explained in Table 4.1, contributed by this work after carefully 

studying the SBS literature. Using these criteria, Table 4.2 gives the overall picture of the 

SBS research contributions. 

Table 4.1: A Theoretical Evaluation Framework for Comparing SBS Retrieval Methods 

S. No. Criteria Description/Purpose 

1.  Authors/ 

System 

The in-text citation to the publication included in the evaluation.  

2.  

Search 

Approach/ 

Retrieval 

Methodology 

 

Pre-

Processing 

Purpose: The pre-processing steps including stemming and removing stop-

words. 

Values:  

: Yes; : No for StR: Stop-words Removal; STM: Stemming; NG: Not Given 

Retrieval 

Model 

Purpose: The baseline retrieval/weighting model that computes the initial 

ranking of books against the search query. In most cases, it is the default retrieval 

model of the Search Engine tool used. 

Values:  

LM: Language Modeling [154, 155], SDM: Sequence Dependence Modeling 

[154, 155]; VSM: Vector Space Modeling; PrM: Probabilistic Modeling (BM15 

[156], BM25, and BM25F [157, 158]); LDA: Latent Dirichlet Allocation [159]; 

LGD: Log Logistic Regression [160]; InL2: Divergence From Randomness 

(DFR) Model [161]; QLM: Query Likelihood Language Modeling [162]; RM: 

Relevance Modeling [163]; HLM: Hiemstra Language Modeling [164]; DLM: 

Dirichlet LM [165]; NG: Not Given 

Indexing Purpose: Indicates what is indexed, e.g., book content, structure semantics, 

professional and social metadata. The structure semantics means the logical parts 

(e.g., TOC, chapter, index, etc.) being given weights or using their field-specific 

frequencies to give importance to one part over the other. 

Values: 

Co: Content; St: Structural semantics; PM: professional metadata; SM: Social 

Metadata; On: Ontology; NG: Not Given 

Searching Purpose: The query-document matching, in which the query can be a simple 

query or expanded query matched against the documents. In the former, either all 

fields from the topic are matched against the index, or some specific topic field is 

used, which is reported in this column (of Table 4.2). The later, i.e., query 

expansion is reported in the Re-ranking column (of Table 4.2). The A/LT datasets 

mostly differ by the number of topics and the type of fields in each topic. 
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S. No. Criteria Description/Purpose 

Values:  

2011: T: Title, G: Group, N: Narrative, Ty: Type, Gn: Genre, S: Specificity, Si: 

Similar, dS: Dissimilar (211 topics); 2012: T, G, N, Ty, Gn (300 topics, filtered: 

96); 2013: Q: mediated <Query>, T, G, N, M: Member (2013: 386 topics, 

filtered: 380 topics); 2014: Q, T, G, N, M (680 topics); 2015: Q, T, G, N, E: 

Example, C: Catalog (208 topics); 2016: T, G, R: Request, which is actually 

<narrative> field, E, C (120 topics); NG: Not Given 

Ranking Purpose: The ranking function/weighting scheme used, e.g., TF, TF-IDF, BM25, 

BM25F, sorting, etc. 

Values:  

Baseline: The default weighting scheme of the Search Engine tool used. 

TF; TF-IDF; TF-IQF: Term Frequency-Inverse Query Frequency; BM15, 

BM25, BM25, BM25F; QLM; LGD; NG: Not Given 

Re-ranking Purpose: Most of the selected publications re-ranked baseline search results 

using some specific re-ranking techniques. They expanded the query, document, 

using textual modalities such as PageRank, appeal elements such as “pace,” etc., 

some non-textual modalities (price, number of pages, publication date, 

dimensions, sales rank, age), or performing social feature re-ranking using social 

metadata. 

Values:  

QE: Query Expansion; QR: Query Reduction; DE: Document Expansion; NTM: 

Non-Textual Modalities; TM: Textual Modalities; SFR: Social Feature Re-

ranking, NG: Not Given 

Search 

Engine 

Tool 

Purpose: The search engine (SE) tools/libraries used for indexing documents. 

Values:  

Galago, Terrier, Indri, Xapian, Sphinx, Solr, ElasticSearch, Lucene, etc. 

Retrieval 

Mode 

Purpose: Indicates whether the proposed solution is “designed for” book search, 

recommendation, or both (search-recommendation hybrid). In the case of 

recommendation/search-recommendation, it also specifies the type of filtering, which can be 

content-based, collaborative, or both (hybrid). Also, it shows whether the user profile is used. 

Values:  

Retrieval Mode (RM): BS: Book Search; BR: Book Recommendation; BSR-Hybrid: Book 

Search-Recommendation Hybrid 

Information Filtering (IF): CB: Content-Based filtering; CF: Collaborative Filtering; Hybrid: 

Hybrid Filtering 

User Profile (UP) used: : Yes; : No 

3.  Evaluation  Dataset & 

Topics 

Purpose: The type of dataset used. This includes collection (A/LT book corpus 

or any other similar collection) and topics set (INEX/CLEF SBS Track/Lab or 

any other topics set).  

Values:  

Datasets: A/LT: Amazon/LibraryThing dataset; Local: Local dataset with 

properties similar to A/LT 

Topics Set: 2011 – 211; 2012 – 96; 2013 – 380; 2014 – 680; 2015 – 208; 2016 – 

120; Others – Any other topics set, NG: Not Given 

Metrics Purpose: Indicates the evaluation metrics used. 

Values:  

P: Precision, P@n: Precision of top n items (e.g., P@10), R: Recall, R@n: 

Recall of top n items (e.g., R@1000), F: F-Measure; MAP: Mean Average 

Precision; MRR: Mean Reciprocal Rank, R-precision: Precision in the R-th 

position of ranked search results having R relevant documents [166]; MAE: 

Mean Absolute Error; nDCG: normalized Decentralized Cumulative Gain [167]. 

INEX/CLEF SBS Track/Lab metrics (official: nDCG@10): 2011-13: nDCG@10, 

P@10, MAP, MRR; 2014-16: nDCG@10, MAP, MRR, R@1000 
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4.2.1 Query-Document Matching Methods 

The query-document matching is probably the most widely adopted SBS approach. The 

studies under this category most often focus on understanding the contribution of query-

document representation and the role of the retrieval model. However, none of them is 

able so far to exploit these three factors together in developing a stronger baseline run, 

which is the motivation behind the second objective of this work. 

Koolen, Huurdeman and Kamps [14] used topic fields in different combinations to 

understand the effect of query representation on book search performance. They created 

six standard LM baseline runs with different topic combinations including: (i) T, using 

topic’s <title> field; (ii) Q, using topic’s <query> field; (iii) TQ, using <title>+<query>; 

(iv) TQG, using <title>+<query>+<group>; (v) TQN, using 

<title>+<query>+<narrative>; (vi) TQGN, using <title>+<query>+<group>+<narrative>. 

This thesis follows the topic representation approach from this study. 

The books with ratings from LibraryThing (LT) are ranked higher than books with no 

ratings and books having high ratings are ranked higher than those with low rankings [14]. 

Some of the baseline runs were re-ranked using Equation 4.1, which (using the set of 

books relevant to the search query) gives the Bayesian Average ratings BA(b) of a book b 

with set a of ratings R(b), average unweighted rating m̂ and average number of ratings n̂ 

over all books in the top 1000 results [139]. BA(b) for a book b may range from 0.5 to 5, 

with increments of 0.5, where a book having no ratings receives BA = 0, while a rated 

book receives a rating of 1 + BA. 

𝐵𝐴(𝑏) =  
�̂�. �̂� + ∑ 𝑟𝑟∈𝑅(𝑏)

𝑛 + �̂�
 

4.1 

The rating of a book was converted to its prior probability 𝑃𝐵𝐴(𝑑), using Equation 4.2, 

where 𝐵𝐴𝑚𝑎𝑥 = 5 and multiplied with  the probability 𝑃(𝑏|𝑞) of query 𝑞 in books 𝑏 [14] 
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to use in some of the six submitted runs: (i) TQ run; (ii) TQGN run; (iii) T run with Bayes 

LT rating prior; (iv) Q run with Bayes LT rating prior; (v) TQ run with Bayes rating prior; 

and (vi) TQGN run with Bayes LT rating prior [14]. 

𝑃𝐵𝐴(𝑑) =  
1 + 𝐵𝐴(𝑑)

1 + 𝐵𝐴𝑚𝑎𝑥
 

4.2 

Results show that T and Q representations produce similar results; whereas Q is unable to 

represent the user information needs better. TQ comparatively gives better performance 

[14]. The performance gets improved with TQG but hurts with the narrative field in 

TQGN [14]. The submitted runs using the BA rating priors show significant improvements 

over baseline runs on all evaluation metrics [14]. 

The authors [168-171] integrated the social metadata as the social features to the classical 

IR to improve retrieval performance in terms of relevant books [22]. By following [12], 

they indexed nineteen useful metadata fields and used user ratings to re-rank a book 𝑖 in 

three ways: (i) adding the content-based (CB) baseline score to a summation of user 

ratings 𝑆𝑢𝑟(𝑖) for the book, as given in Equation 4.3; (ii) using the average of user ratings 

Saur(i) of a book 𝑖, as given in Equation 4.4; and (iii) using helpful and total votes, as 

given in Equation 4.5 [22]. 

They performed six runs while keeping α = 0.90 and using the mediated <query> [170]. 

These include (i) baseline retrieval using the all-document-fields index; (ii) Run 1 + re-

ranking using Equation 4.3; (iii) Run 2 + re-ranking using Equation 4.4; (iv) Run 2 + re-

ranking using Equation 4.5; (v) Run 1 + searching the <review> index; and (vi) Run 5 + 

re-ranking using Equation 4.5 [170].  

𝑆𝑟𝑟(𝑖) = 𝛼 ∗ 𝑆𝑜(𝑖) + (1 − 𝛼) ∗ 𝑆𝑢𝑟(𝑖) 
4.3 
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𝑆𝑟𝑟(𝑖) = 𝑆𝑜(𝑖) + 𝑆𝑎𝑢𝑟(𝑖) 
4.4 

𝑆𝑟𝑟(𝑖) = 𝛼 ∗ 𝑆𝑜(𝑖) + (1 − 𝛼) ∗ (𝑟𝑢 ∗
𝑉ℎ

𝑉𝑡
) 

4.5 

Run 4, i.e., re-ranking CB retrieval results by weights-user-rating gives the best results. 

This demonstrates that helpful reviews outperform average user rating [170]. Filtering 

search results by the books mentioned as example books in the search queries improves 

performance either with no re-ranking [171] or re-ranking using Equation 4.4 [169]. They 

also experimented with query expansion (QE) by adding a QE module using Word2Vec 

for finding words with similar context to the keywords extracted from the topics [168]. 

However, the CB run using title, group and request fields, filtering the example books and 

re-ranking using Equation 4.4 outperform all the baseline and re-ranking runs [168]. 

Table 4.2: Social Book Search – A Detailed Retrospective of SBS Retrieval Methods 

A
u

th
o

r
s

/ 
S

y
st

e
m

 

Model 

Search Approach/Methodology Retrieval Mode (RM) Evaluation 

Pre-

processing Indexing Searching Ranking 
Re-

Ranking 
SE tool RM IF 

U
P

 

Dataset: 

collection, 

topics set 

Metrics 
StR STM 

[172] LM   PM, SM E QLM QE, SFR Indri 
BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2014-16 

nDCG@10, 

P@10, MRR, 

MAP 

[18] PrM   SM T, N, TN BM25 QE, SFR Terrier BS _ _ 
A/LT, 

2011-16 
nDCG@10 

[173] PrM   PM, SM E, TN BM25 
QE, PRF, 

QR 
Terrier BS _ _ 

A/LT, 

2014,16 

nDCG@10, 

MAP 

[174] NG NG NG PM, SM N, E Baseline NG 
LightFM 

toolkit 

BR, 

BSR-

Hybrid 

CB, 

CF, 

Hy

brid 

 
A/LT, 

Local 

nDCG@10, 

MRR 

[20] 
PrM, 

VSM 
NG NG 

Co, PM, 

SM 
TR 

TF-IDF, 

BM25 

SFR, 

NTM, 

QE 

Lucene BS _  
A/LT, 

2016 

nDCG@10, 

MAP 

[17] LM 
 , 
 

 ,  PM, SM N, TN NG  Indri BS _ _ 
A/LT, 

2014 
nDCG@10 

[175] PrM  NG 
Co, PM, 

SM 

T, Q, G, E, 

TQ, TQE 
BM25 

QE, DE, 

SFR 
Indri 

BSR-

Hybrid 
CB  

 A/LT, 

2016 

nDCG@10, 

P@10, MRR, 

MAP 

[176] _   
Co, PM, 

SM 
Study Units 

Amazon’s 

ranking 
SFR 

Amazon, 

CSM 

BSR-

Hybrid 
CB  

Local, 

Others 
nDCG, MRR 

[177] PrM   SM T, N, TN 
BM25, 

TF-IQF 
QE, QR Terrier BS _ _ 

A/LT, 

2011-16 

nDCG@10, 

MAP 

[178] 

VSM, 

LM, 

HLM 

NG NG Co, SM NG 

TF-IDF, 

BM25, 

HLM 

SFR, 

NTM 

Solr, 

Weka 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2015 

nDCG@10, 

P@10, 

P@20, MAP 

[96] LM NG NG PM, SM NG BM25 QE Indri BS _ _ 
A/LT, 

2014-15 
MAP 

[179] VSM NG NG PM, SM TGN Baseline 
SFR, 

NTM 
_ BR CB  

A/LT, 

2012-16; 

Others 

nDCG@10, 

P@10, MRR 

[180] NG NG NG SM NG Baseline SFR NG BR CF 
N

G 

A/LT, 

2015-16 

nDCG@10, 

MAP 
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A
u

th
o
r
s

/ 
S

y
st

e
m

 

Model 

Search Approach/Methodology Retrieval Mode (RM) Evaluation 

Pre-

processing Indexing Searching Ranking 
Re-

Ranking 
SE tool RM IF 

U
P

 

Dataset: 

collection, 

topics set 

Metrics 
StR STM 

[181] PrM NG NG SM TGN 
BM15, 

TF-IQF 
QE NG BS _  

A/LT, 

2014-16 

nDCG@10, 

MAP, MRR, 

R@1000 

[165] 

PrM, 

LM 

 

  
Co, PM, 

SM 
Q 

BM25, 

DLM 
QF, QE Terrier 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2016 

nDCG@10, 

MRR, MAP, 

R@1000 

[182] LM   
Co, PM, 

SM 
QF DLM QF, QE Terrier BR CB  

A/LT, 

2016 

P@10, MAP, 

MRR 

[183] LM NG NG 
Co, PM, 

SM 
E, CE, TR QLM QE, SFR Galago 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2011-16 

nDCG@10, 

MRR, MAP, 

R@1000 

[1] LM   
Co, PM, 

SM 

TGN, 

TQGN 
QLM SFR Galago 

BSR-

Hybrid 
CB  

A/LT, 

2011-14 

nDCG@10, 

P@10, MRR 

[95] LM NG NG 
Co, PM, 

SM 
NG QLM QE, SFR Galago 

BSR-

Hybrid 
CB  

A/LT, 

2011-14 

nDCG@10, 

P@10, MRR 

[184] LM   
Co, PM, 

SM 

T, R, Q, 

TRQ 
QLM SFR Indri BS _ _ 

A/LT, 

2016 

nDCG@10, 

MRR, MAP, 

R@1000 

[185] SDM   
Co, PM, 

SM 

TE, TQE, 

TNE 
Baseline 

NTM, 

QE 
Indri 

BSR-

Hybrid 
CB  

A/LT, 

2015-16 

nDCG@10, 

MRR, MAP, 

R@1000 

[168] VSM   
Co, PM, 

SM 
TRG Baseline SFR, QE Lucene 

BSR-

Hybrid 
CB  

A/LT, 

2016 

nDCG@10, 

MRR, MAP, 

R@1000 

[186] NG NG NG SM TR (TN) NG TM NG BR CB  
A/LT, 

Others 

nDCG@10, 

P, MRR 

[187] VSM NG NG 
Co, PM, 

SM 
TQRGE Baseline TM, SFR Lucene BR CB  

A/LT, 

2016 

nDCG@10,  

MRR, MAP, 

R@1000 

[188] 
PrM, 

VSM 
  

Co, PM, 

SM 
TR BM25 

QE, 

NTM, 

SFR 

Lucene BS _ _ 
A/LT, 

2015-16 

nDCG@10, 

P@10, MRR, 

MAP 

[153] LM   
Co, PM, 

SM, On 
T,G,N,M,Q 

Indri 

baseline, 

ontology 

baseline 

SFR Indri 
BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2013 

nDCG, 

P@5,10,15,2

0,30,100, 

MAP 

[189] LM NG NG 
Co, PM, 

SM 
N, E, NE QLM QE, SFR Galago 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2015 

nDCG@10, 

MAP, MRR, 

R@1000 

[190] 
InL2, 

SDM 
NG  

Co, PM, 

SM 
N Baseline 

QE, TM, 

SFR 

Terrier, 

Indri 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2014 

nDCG@10, 

MAP, MRR, 

P@10 

[147] 
InL2, 

SDM 
NG  

Co, PM, 

SM 

TN, TQN, 

QGN, 

TQGN 

Baseline 
QE, TM, 

SFR 

Terrier, 

Indri 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2015 

nDCG@10, 

MAP, MRR, 

R@1000 

[142] 
InL2, 

SDM 
NG  

Co, PM, 

SM 
T, Q, N Baseline TM, SFR 

Terrier, 

Indri 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2014-15 

nDCG@10, 

MAP, MRR, 

P@10 

[191] NG NG NG SM NG NG TM NG BR CB  
A/LT, 

Others 

nDCG@10, 

MRR, MAP, 

R@1000 

[19] 
PrM, 

LM 
  

Co, PM, 

SM 
TQN BM25 

QE, 

NTM, 

SFR 

Lucene 
BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2014-15 

nDCG@10, 

MRR, MAP, 

R@1000 

[192] 
PrM, 

LGD 
NG NG 

Co, PM, 

SM, St 
T, Q, N 

LGD, 

BM25F 
QE, SFR Terrier 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2015 

nDCG@10, 

MAP, MRR, 

R@1000 

[193] 
PrM, 

LGD 
NG NG 

Co, PM, 

SM, St 

TQN, 

TQNE 

LGD, 

BM25F 
QE, SFR Terrier BS _ _ 

A/LT, 

2015 

nDCG@10, 

MAP, MRR, 

R@1000 

[169] VSM   
Co, PM, 

SM 
TQRG TF-IDF SFR Lucene 

BSR-

Hybrid 
CB  

A/LT, 

2015 

nDCG@10, 

MAP, MRR, 

R@1000 

[194] PrM NG  SM TQGN 
BM15, 

TF-IQF 
QE NG BS _  

A/LT, 

2014-15 

nDCG@10, 

MAP, MRR, 

R@1000 

[195] NG NG NG SM TGNTyGn Baseline QE NG BR 
Hy

brid 
 

A/LT, 

2012 
nDCG@10 

[141] LM NG NG 
Co, PM, 

SM 
NG QLM QE, SFR Galago 

BSR-

Hybrid 

Hy

brid 
_ 

A/LT, 

2014 

nDCG@10, 

MAP, MRR, 

R@1000 

[97] LM   PM, SM NG Baseline SFR Indri BS _ _ 
A/LT, 

2012 

nDCG@10, 

P, R, F, 

R@1000 
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A
u

th
o
r
s

/ 
S

y
st

e
m

 

Model 

Search Approach/Methodology Retrieval Mode (RM) Evaluation 

Pre-

processing Indexing Searching Ranking 
Re-

Ranking 
SE tool RM IF 

U
P

 

Dataset: 

collection, 

topics set 

Metrics 
StR STM 

[196] 

SDM, 

LM, 

RM 

  
Co, PM, 

SM 
TQGN QLM QE, SFR Galago BS _ _ 

A/LT, 

2011-13 

nDCG@10, 

P@10, 

MAP@10 

[197] LM   
Co, PM, 

SM 
T, Q, G, N Baseline  Indri BR CB  

A/LT, 

2014 

nDCG@10, 

MRR, MAP, 

R@1000 

[152] LM NG NG 
Co, PM, 

SM 
NG QLM SFR Galago 

BSR-

Hybrid 
CB  

A/LT, 

2011-14 

nDCG@10, 

P@10, MRR 

[171] VSM   
Co, PM, 

SM 
TQGN Baseline SFR Lucene 

BSR-

Hybrid 
CB  

A/LT, 

2014 

nDCG@10, 

MRR, MAP, 

R@1000 

[15] PrM   
Co, PM, 

SM, St 

T, Q, TQ, 

TQN 

BM25, 

BM25F 
SFR Terrier 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2013-14 

nDCG@10, 

MRR, MAP, 

R@1000 

[198] 
InL2, 

SDM 
NG NG 

Co, PM, 

SM 
Q, N, QGN Baseline QE, SFR 

Terrier, 

Indri 

BSR-

Hybrid 
CF  

A/LT, 

2012-13 

nDCG@10, 

MRR, MAP, 

R@1000 

[199] LM NG NG 
Co, PM, 

SM 

T, Q, TQ, 

TQG, 

TQGN 

Baseline QE Indri 
BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2013-14 

nDCG@10, 

MRR, MAP, 

R@1000 

[200] LM NG NG 
Co, PM, 

SM 
TN Baseline  Indri BS _ _ A/LT, NG nDCG@10 

[170] VSM   
Co, PM, 

SM 
Q Baseline SFR Lucene 

BSR-

Hybrid 
CB  

A/LT, 

2013 

nDCG@10, 

P@10, MRR, 

MAP 

[13] LM   
Co, PM, 

SM 

T, N, G, 

TNG, 

TNGQ 

Baseline  Indri BS _ _ 
A/LT, 

2011, 2013 

nDCG@10, 

P@10, MRR 

[201] SDM   
Co, PM, 

SM 
T, TN Baseline SFR Galago 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2011-12 
nDCG@10 

[202] VSM   
Co, PM, 

SM 
T Baseline QE Lucene 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2012 
nCDG@10 

[14] LM   PM, SM 

T, Q, TQ, 

TQG,TQN, 

TQGN 

Baseline SFR Indri BS _ _ 
A/LT, 

2013 

nDCG@10, 

P@10, MRR, 

MAP 

[203] SDM   
Co, PM, 

SM 
Q Baseline SFR Indri 

BSR-

Hybrid 

Hy

brid 
 A/LT, NG 

nDCG@10, 

P@10, MRR 

[139] LM   PM, SM T Baseline SFR Indri BR CF  
A/LT, 

2012 

nDCG@10, 

MRR, P@10, 

R@10 

[204] LM   
Co, PM, 

SM 
T, G, Gn Baseline QE Indri BS _ _ 

A/LT,  

2011 

P@10,20; 

MAP, MRR, 

R-precision 

[140] LM   
Co, PM, 

SM 
T Baseline QE Indri BS _ _ 

A/LT, 

2011 

nCDG@10, 

P@10, MRR, 

MAP 

[205] SDM   
Co, PM, 

SM 
T Baseline QE, SFR Indri 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2011 

nCDG@10, 

P@10, MRR, 

MAP 

[206] LM   
Co, PM, 

SM 
T Baseline  Indri 

BSR-

Hybrid 
CB  

A/LT, 

2011 

nDCG@10, 

P@10, MAP, 

MRR, 

R@10,1000 

[12] LM   
Co, PM, 

SM 
T, TGN Baseline SFR Indri 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2011-12 

nDCG@10, 

MRR, P@10 

[11] LM   
Co, PM, 

SM 

T, N, G, 

TGN 
Baseline SFR Indri 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2011 

nDCG@10, 

P@10, MRR, 

MAP 

[207] LM NG NG 
Co, PM, 

SM 
T, TN Baseline  Indri BS _ _ 

A/LT, 

2012 

nDCG, 

nDCG@10, 

MAP, MRR 

[208] SDM   
Co, PM, 

SM 
NG Baseline SFR Indri 

BSR-

Hybrid 

Hy

brid 
 

A/LT, 

2012 

nCDG@10, 

P@10, MRR, 

MAP 

[16] PrM NG NG 
Co, PM, 

SM, St 
NG BM25F 

NTM, 

SFR 
NG BS _ _ 

Local, 

Others 

nDCG@1, 5, 

10 
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4.2.2 Language Modeling-based Methods 

This section reports on the SBS contributions that use language modeling as the major 

component in establishing the relevance between query and documents. Deveaud et al. 

[205] adopted LM for the book retrieval and performed QE using Wikipedia articles. They 

exploited book ratings and reviews in recommendation. They used SDM, a special form of 

the Markov Random Field model from [154] for integrating the search query’s multi-word 

phrases [205]. The model considers three features based on words appearing as single 

terms (fW), in sequence (fS), and words that appear close but not necessarily in sequence 

(fC). These features act as the maximum likelihood estimates of the words in the search 

query that appear in book B, computed using Dirichlet smoothing over the target 

collection. The score of the book B against the search query Q, represented as SSDM(B, Q), 

is computed using Equation 4.6 with λW = 0.85, λS = 0.1, and λC = 0.05 [205]. 

𝑆𝑆𝐷𝑀(𝐵, 𝑄) = 𝜆𝑊 ∑ 𝑓𝑊(𝑞, 𝐵)

𝑞∈𝑄

+ 𝜆𝑆 ∑ 𝑓𝑆(𝑞𝑖, 𝑞𝑖+1, 𝐵) +
|𝑄|−1

𝑖=1
𝜆𝐶 ∑ 𝑓𝐶(𝑞𝑖, 𝑞𝑖+1, 𝐵)

|𝑄|−1

𝑖=1
 

4.6 

For QE, the external resources were exploited in Preference Relevance Feedback (PRF) 

fashion. For a resource R, a subset of informative documents RD,Q were retrieved using the 

initial query Q with SDM as the ranking function. Then an entropy measure HRD,Q
(t) for 

each term t over RD,Q was computed using Equation 4.7 to weigh them per their relative 

informativeness, the external weighted terms were then used in QE [205]. Using Equation 

4.8, the collection C was re-ranked, where E is the set of external resources [205]. 
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𝐻𝑅𝐷,𝑄
(𝑡) = −∑ 𝑝(𝑤|𝑅𝐷,𝑄). 𝑙𝑜𝑔 𝑝(𝑤|𝑅𝐷,𝑄)

𝑤∈𝑡

 
4.7 

S(𝐵, 𝑄) =  𝑆𝑆𝐷𝑀(𝐵, 𝑄) +
1

|𝐸|
∑ ∑ 𝐻𝑅𝐷,𝑄

(𝑡). 𝑓𝑊(𝑡, 𝐵)

𝑡∈𝑅𝐷,𝑄𝑅𝐷,𝑄∈𝐸

 4.8 

Wikipedia was used as an external resource for QE by directly selecting words from the 

articles deemed related to the query [205]. However, a thematic graph of articles was 

generated for selecting broader and more general words so that the expanded query could 

stretch and completely cover the topic [205]. The anchor texts and their hyperlinks were 

extracted from the first page associated with the search query, where the same method was 

used to extract the words but this time along with anchor texts [205].  

Let 𝑇𝑤 and 𝐴𝑤 are the sets of words and anchor texts extracted using entropy from 

Wikipedia article 𝑤, the intersection between 𝐴𝑖,𝑤 and 𝑇𝑤 is defined. Using Equation 4.9, 

a confidence score is computed for the anchor text that shows whether it is thematically 

relevant to the first article retrieved [205]. A directed graph of the articles is generated by 

iteratively running Equation 4.9, the children nodes were given half weight than the parent 

nodes (main articles), and loops were avoided. The weights between linked articles could 

change so that the informative words from sub-articles could be extracted to be 

incorporated in the retrieval model as another external resource [205]. 

𝑆𝑃(𝐴𝑖,𝑤) = ∑ 𝐻𝑊(𝑡)

𝑡∈𝑇𝑤∩𝐴𝑖,𝑤

 
4.9 

It was assumed that a book is relevant if has high ratings or significant number of reviews 

and is more relevant if having a high number of good reviews [205]. However, due to the 

low number of available ratings, they first wanted to see whether a user rating is 

significant or not [205]. For this purpose, taking a random set of bad ratings (1, 2, or over 

5) 𝑋𝑅
𝐵 and the actual set of user ratings 𝑋𝑈

𝐵 for book B, they used Welch’s t-test to evaluate 
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the statistical significance between 𝑋𝑅
𝐵 and  𝑋𝑅

𝐵 ∩ 𝑋𝑈
𝐵 and its p-value (complemented) is 

taken as the probability that reviewers like the book [205]. Using the SDM baseline, 

document B is scored against query Q using Equation 4.10, and based on the likability and 

popularity of different books; results are re-ranked [205]. The value of λD can be 

smoothed using Equation 4.11 [205]. 

𝑆𝑟𝑟(𝐵, 𝑄) = 𝜆𝐷 𝑆𝑆𝐷𝑀(𝐵. 𝑄) + (1 − 𝜆𝐵)𝑡𝐵 
4.10 

𝜆𝐷 =
𝑎𝑟𝑔𝑚𝑎𝑥𝐵 𝑆𝑆𝐷𝑀(𝐵, 𝑄) − 𝑆𝑆𝐷𝑀(𝐵, 𝑄)100

𝑁𝑅𝑒𝑠𝑢𝑙𝑡𝑠
 

4.11 

They performed six runs: Run 1 uses SDM model only. Run 2 uses tags and Amazon 

classification by searching all query terms in tag and browse node and using SDM model 

to combine results, in which SDM score is weighted four times more than tag searching. 

Run 3 uses Wikipedia as the only external source by extracting top twenty informative 

words per topic based on the entropy measure for QE. Run 4 uses the Wikipedia thematic 

graph by computing all the thematic links between first Wikipedia article and the other 

linked ones to extract top-twenty informative words from top five linked articles with the 

best confidence score of 𝑆𝑝(𝐴𝑖,𝑤). Run 5 uses reviews and ratings for each retrieved book 

through the SDM and the probability of its popularity is computed using Welch’s test and 

interpolated with the SDM score. Run 6, similar to Run 4 except a query likelihood 

estimate is computed on the book’s title and content fields. The scores of title, reviews and 

books popularity are combined to obtain a recommendation score for each book [205]. 

The SDM baseline runs performed better. Selecting the most informative words from 

Wikipedia articles and using its thematic graph in QE could not perform well. Also, 

exploiting the social metadata especially ratings and reviews to compute popularity and 

likability scores to be interpolated with query likelihood probabilities seemed effective in 
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ranking and recommendation [205]. They repeated the SDM experiments in [208] using 

the same feature weights but were unable to conclude whether social information 

improves book search and subjected its answer to further experimentation [208]. 

4.2.3 Social Feature Re-ranking & Merging Methods 

This section reports on research contributions that use the social metadata to reorder the 

baseline search results using different re-ranking strategies. The re-ranked search results 

are then merged to get the final results. In most of the case, the book retrieval adopts the 

shape of a search-recommendation hybrid solution both with and without the exploitation 

of the user profiles. 

The authors [141, 183, 189] investigated the potential contribution of social metadata in 

book search and recommendation. They devised eleven techniques to re-rank the baseline 

search results. The results of these re-ranking strategies were merged to get the best 

retrieval combination by applying different Learning-to-Rank (L2R) models including 

Random-Forests (RF), Coordinate-Ascent (CA) and Rank-Net (RN). The first (basic) 

index was created by indexing book’s title, tags, content, and summary fields and then 

enriched by brief introduction and description fields from douban.com and 

lookupbyisbn.com, respectively to generate the second (enriched) index. The <tag> fields 

were expanded and the numeric DDC codes in <dewey> were replaced by their equivalent 

textual descriptions [141]. The documents were ranked against the query using the LM 

model [141]. 

These search results are re-ranked using their proposed generalized CB filtering method, 

which using the social features ri extracted from XML documents, computes the 

preference value 𝑝𝑣(𝑑𝑖) using Equation 4.12, influence value 𝑖𝑛𝑣(𝑑𝑖) using Equation 
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4.13, and the recommendation value 𝑟𝑣(𝑑𝑖) using Equation 4.14 of the book 𝑑𝑖 [152]. It 

extends CB filtering by defining a user preference value for each book, ranging from 0 to 

1, where 0 is the default value and anything greater than 0 defines the preference of the 

book. By assuming that users can be described by their user profiles or in some textual 

manner, they automatically label their preference value 𝑝𝑣(𝑑𝑖) (based on a certain feature 

ri) for a document 𝑑𝑖 with length |d| by exploiting the relevance between users and books, 

using Equation 4.13, where 𝑓𝑟𝑖,𝑑
 represents the frequency of feature 𝑟𝑖 in document 𝑑, and 

𝑝(𝑟𝑖|𝐶) is the probability that feature 𝑟𝑖 appears in the set of features, and 𝜇 is the Dirichlet 

smoothing [152]. 

𝑝𝑣(𝑑𝑖) = 𝑝(𝑟𝑖|𝑑, 𝜇) =
𝑓𝑟𝑖,𝑑

+ 𝜇𝑝(𝑟𝑖|𝐶)

|𝑑| + 𝜇
 

4.12 

𝑖𝑛𝑣(𝑑𝑖) = ∑𝑠𝑖𝑚𝑖𝑗

𝑁

𝑗=1

. 𝑝𝑣(𝑑𝑗)(𝑗 ≠ 𝑖) 
4.13 

𝑟𝑣(𝑑𝑖) = 𝛼. 𝑝𝑣(𝑑𝑖) + (1 − 𝛼).
1

𝑁 − 1
. 𝑖𝑛𝑣(𝑑𝑖) 

4.14 

A set 𝐹 of features is extracted from book descriptions. Each feature is represented with a 

feature vector. For example, a tag 𝑡 is a feature in 𝐹, the tag vector of book 𝑖 and 𝑗 are 

𝑡𝑖⃗⃗ = [4,0,3], and 𝑡𝑗⃗⃗ = [6,3,5] meaning that book 𝑖 is tagged by four users with tag 1, no 

user with tag 2, and three users with tag 3, whereas book 𝑗 is tagged by six users using tag 

1, three users using tag 2, and five users using tag 3. This way a feature matrix is 

constructed, where each line vector in the matrix is a book’s feature vector [152]. Using 

this feature matrix, the similarity between the two books 𝑖 and 𝑗 with feature vectors 

𝑓𝑖 = [𝑓𝑖1, … , 𝑓𝑖𝑚] and 𝑓𝑗 = [𝑓𝑗1𝑖 , … , 𝑓𝑗𝑚], respectively, is computed using cosine similarity. 

The importance of the books due to the preference values is established using Equation 
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4.13 [152]. The final recommendation value 𝑟𝑣(𝑑𝑖) of a book 𝑑𝑖 is computed using 

Equation 4.14 by exploiting the social feature re-ranking. 

The extracted features set is exploited in eleven different ways (based on social feature re-

ranking method of [12]). In Tag-Re-rank (T), the <tag> fields are exploited in matching 

using cosine similarity between feature vectors, whereas preference, influence and 

recommendation values are computed using Equations 4.12, 4.13, and 4.14. The Node-Re-

rank (N) is similar to T except the Amazon browse nodes are used. The Tag-Node-Re-rank 

(TN) combines T and N methods. The Item-Re-rank (I) exploits the Amazon similar 

products tag in finding similarity between two books (Equation 4.15). The Deep-Re-rank 

(D) is similar to I method but the similarity between books is computed by exploiting 

“similar products of the similar products” of an item using Equation 4.16. The Item-Tag-

Re-rank (IT) computes the similarity using Equation 4.17. The Deep-Tag-Re-rank (DT), 

Item-Tag-Node-Re-rank (ITN), and Deep-Tag-Node-Re-rank (DTN) are all similar to IT 

method with different combinations. The Rating-Review-Re-rank (R) exploits the idea that 

a book having many reviews is indeed a good book with the influence value computed 

using Equation 4.18. The Rating-Bayes-Re-rank (B) uses the Bayesian average of ratings 

for the book by following [14]. The 𝐵𝐴(𝑑𝑖) rating of a book 𝑑𝑖 is computed using 

Equation 4.1, the influence value is computed using Equation 4.19, and the final 

recommendation value is computed as in T method [141, 152].  

𝑠𝑖𝑚𝑖𝑗(𝐼) = {
1,     𝑖 𝑖𝑠 𝑠𝑖𝑚𝑖𝑙𝑎𝑟 𝑡𝑜 𝑗 𝑜𝑟 𝑗 𝑖𝑠 𝑠𝑖𝑚𝑖𝑙𝑎𝑟 𝑡𝑜 𝑖
0,                                                                𝑒𝑙𝑠𝑒

 
4.15 

𝑠𝑖𝑚𝑖𝑗(𝐷)

= {
1,   𝑠𝑖𝑚𝑖𝑗(𝐼) = 1 𝑜𝑟    ∃ 𝑘 ≠ 𝑖, 𝑘 ≠ 𝑗,    𝑠. 𝑡.  𝑠𝑖𝑚𝑖𝑘(𝐼) = 𝑠𝑖𝑚𝑗𝑘(𝐼) = 1

0,                                             𝑒𝑙𝑠𝑒
 

4.16 
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𝑠𝑖𝑚𝑖𝑗(𝐷) = {
1,                   𝑠𝑖𝑚𝑖𝑗(𝐼) = 1

𝑠𝑖𝑚𝑖𝑗(𝑇),               𝑒𝑙𝑠𝑒  
 

4.17 

𝑖𝑛𝑣(𝑑𝑖) = 𝑙𝑜𝑔(𝑁𝑅𝑣𝑤(𝐵)) ×
∑ 𝑟𝑟∈𝑅𝑑𝑖

𝑁𝑅𝑣𝑤(𝐵)
 × 𝑝𝑣(𝑑𝑖) 

4.18 

𝑖𝑛𝑣(𝑑𝑖) =
1 + 𝐵𝐴(𝑑𝑖)

1 + 𝐵𝐴𝑚𝑎𝑥
× 𝑝𝑣(𝑑𝑖) 

4.19 

The first eight of the social re-ranking methods are exploited in Equation 4.20, which re-

ranks the top 1000 books with a new score 𝑆𝑟𝑟(𝑑𝑖) having an initial score 𝑆𝑜(𝑑𝑖) [141]. 

The R method computes the re-ranking of each book by following [208], the final score of 

the book 𝑑𝑖 is computed using Equation 4.21 [141]. The B method follows [14] to 

compute the final re-ranking score of the book using Equation 4.22 [141]. The re-ranked 

results are merged using L2R methods [141], as discussed. 

𝑆𝑟𝑟(𝑑𝑖) = 𝛼. 𝑆𝑜(𝑑𝑖) + (1 − 𝛼).∑𝑠𝑖𝑚𝑖𝑗. 𝑆𝑜(𝑑𝑗)(𝑗 ≠ 𝑖)

𝑁

𝑗=1

 

4.20 

𝑆𝑟𝑟(𝑑𝑖) = 𝛼. 𝑆𝑜(𝑑𝑖) + (1 − 𝛼). 𝑙𝑜𝑔(𝑁𝑅𝑣𝑤(𝐵)) ×
∑ 𝑟𝑟∈𝑅𝑑𝑖

𝑁𝑅𝑣𝑤(𝐵)
 × 𝑝𝑣(𝑑𝑖) 

4.21 

𝑆𝑟𝑟(𝑑𝑖) = 𝛼. 𝑆𝑜(𝑑𝑖) + (1 − 𝛼). 𝑖𝑛𝑣(𝑑𝑖) =
1 + 𝐵𝐴(𝑑𝑖)

1 + 𝐵𝐴𝑚𝑎𝑥
× 𝑝𝑣(𝑑𝑖) 

4.22 

In total six runs were performed [141]: (i) using baseline retrieval with PRF; (ii) using T 

method; (iii) using L2R’s CA to merge results of all the social re-ranking methods; (iv) 

similar to Run 3 but merging using L2R’s RF; (v) similar to Run 3 but merging using 

L2R’s RN; and (vi) similar to Run 3 plus exploiting the fact that for two similar queries 𝑖 

and 𝑗, if a document 𝑑𝑖 is relevant to query 𝑖, it must be relevant to query 𝑗 as well. In this 

case, a weight 𝑤 (using Equation 4.23) is multiplied to the normalized score of document 
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𝑑𝑖, where 𝑆(𝑞𝑗, 𝑑𝑖) is the normalized score of document 𝑑𝑖 with respect to query 𝑞𝑗, and 

𝑆(𝑞𝑖, 𝑑𝑖) is the normalized score of document 𝑑𝑖 against the query 𝑞𝑖 [141].  

𝑤 = 𝑠𝑖𝑚(𝑞𝑖, 𝑞𝑗) ×
𝑆(𝑞𝑗 , 𝑑𝑖)

𝑆(𝑞𝑖, 𝑑𝑖)
 

4.23 

On the 2014 topics, Run 6 outperformed all the other runs [141] showing that the enriched 

index (using eleven different strategies) is more effective; re-ranking using T method 

gives the best results among all the eleven re-ranking strategies; and merging re-ranked 

search results using L2R’s RF gives the overall best performance among all the submitted 

runs to the 2014 SBS Track’s suggestion task [141]. 

4.2.4 Semantics-based Methods 

This section discusses approaches that exploit the book structure semantics with the 

available metadata [16] or offer an ontology-based solution to social book search [153]. 

The authors [16] developed a Social IR model that combines the social signals (social 

approval votes) with the classical IR on book collections to understand how the social 

media affects book search and recommendation. The model comprises of networks of 

information items and social networks of actors linked through the approval votes. In the 

network of information items 𝐼 = {𝑖1, 𝑖2, … , 𝑖𝑛}, each node 𝑖𝑗 represents book or their CB 

representation, where nodes are connected through citations, content similarity, and CF-

like relationships including browsed together, searched together, rated together, and 

purchased together [16]. The social network of actors is represented as 𝐴 =

{𝑎1, 𝑎2, … , 𝑎𝑛}, where 𝑎𝑖 can be authors, publishers, users, organizations, etc., and 

multiple roles can be attributed to a single actor [16]. The nodes in these networks are 

connected by votes. Each vote 𝑣𝑖𝑗 can be a directional link from an actor 𝑎𝑖 to an item 𝑖𝑗 

and represented as 𝑣𝑖𝑗 = 𝐴 × 𝐼 → {−1,0,1}, with 𝑣𝑖𝑗 = 1 for approval, 𝑣𝑖𝑗 = −1 for 
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disapproval, and 𝑣𝑖𝑗 = 0 for uncertainty [16]. Such an approval is evaluated based on the 

“authoritativeness” of 𝑎𝑖 to perform the action and the “popularity” impact on the resource 

when tagged or reviewed by many users [16]. 

The trust is modeled by exploiting vij as the perception of an actor 𝑎𝑖 about a resource 𝑖𝑗  

based on their direct/indirect experience with it. The trust of a user 𝑎𝑘 over 𝑎𝑖 is based on 

all votes 𝑉𝑖 cast by 𝑎𝑖 as 𝑡𝑘(𝑎𝑖) =∪ 𝑉𝑖𝑡𝑘(𝑣𝑖𝑗) [16]. A book with a certain trust level 

(threshold) are recommended to the user [16]. The reputation of an actor 𝑎𝑖 in the eyes of 

a user 𝑎𝑘 is aggregated from the number of actors known to user 𝑎𝑘 such that 𝑅𝑘(𝑎𝑖) = ∪

𝐴𝑛𝑡𝑛(𝑎𝑖) [16]. The node visibility and the risk of a decrease in the user reputation are also 

modeled. The visibility (connectedness level) of a node is modeled by exploiting the 

number and density of in- and out-links, etc. [16]. This way the popularity is directly 

related to the level of visibility. The individuals and organizations assess every vote, 

which therefore, involves the risk of increasing/decreasing the reputation of an actor [16]. 

The contributing scores of all the approval votes are combined with fielded CB retrieval 

scores to define the relevance of a document against the search query [16]. 

They indexed 39176 books from INEX 2007 Book Track dataset containing 42000 full-

text titles, MARC records, qrels, and 250 topics. A four-point relevance assessment scale 

(non-relevant, fair, good, and excellent) was used. The fielded retrieval is performed by 

dividing each book into six logical parts (TOC, body, index, header lines, footer notes, 

bibliography) [16]. The professional metadata (title, authors, publishers, keywords) was 

used from MARC records to obtain information including libraries and publishers holding 

the book; best-selling book lists; book awards lists; edition; age (time between first and 

last editions); average reprint (age divided by number of editions); price; average rating; 

number of reviews; Amazon’s ranking based on sales details; and number of book pages 
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visited (obtained from search engine log), each can be exploited as a type of social 

approval vote [16]. The BM25F was applied in the baseline CB retrieval and combined 

with ranking scores based on social approval votes to re-rank the search results [16]. 

The results show that different features behave differently in social feature re-ranking. 

Among the exploited features, average reprints outperform other features, a marginal 

impact is observed using “libraries” and “price” features, whereas the performance drops 

when number of editions and age are used against the BM25F baseline. The average rating 

and number of reviews show negligible performance at nDCG@10. The number of page 

views and ranking based on Amazon’s sales data are less effective. This demonstrates that 

CB retrieval gets increased with social media-based evidence that comes directly from the 

users in the form of ratings, tags, reviews, etc. [16]. 

The authors [153] proposed an ontology-based book search-recommendation hybrid 

approach by modeling the users (user profiles) and documents (XML book records) 

through a generic ontology and used it in searching and recommending books. Each XML 

tag was modeled as a concept in the ontology containing its (“is-a”) relations with other 

concepts. The information regarding tags was obtained through the available DTD 

(Document Type Definition) that comes with the A/LT collection. The resulting ontology 

represents the relationships of users with a specific domain, in which the main classes are 

user and resources. All the concepts extracted from user profiles are subclasses of the user 

class. The concepts extracted from XML documents are subclasses of the resources class. 

All the <!ELEMENT> tags were represented as concepts, e.g., C={book, isbn, 

dimensions, creators, tags,…} and relations among them, e.g., R={(book, author), (book, 

title), (book, tag),…}. The resulting ontology was populated with A/LT collection, 

resulting in several types of relations including friends, interested in, group members 
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based on user profiles and relationships among metadata fields of the XML documents 

[153]. 

The nouns are extracted by Parts-of-Speech tagging and lemmatization of the 2013 topics 

set and are kept in the set 𝐶𝑞, with 𝐶𝑞 = 𝜙 in case of recommendation. 𝐶𝑞 is used in the 

matching process along with the knowledge about users and books available in the 

ontology, where reasoning takes place to extract relevant connections between users and 

books. The search process uses different criteria including user preferences (topics, 

hobbies, interests, etc.,) user social data (family members, group members, similar users, 

etc.), and information about documents (e.g., book title, author, keywords, etc.). The 

reasoning process exploits facts including: (i) a group member is interested in topics and 

books discussed in the group she belongs to; (ii) the user is interested in books read by 

their friends; and (iii) the user is interested in reading books by people she is interested in. 

Based on these assumptions, a relevant set of books is recommended to the user [153]. The 

resulting book collection is then ranked based on the ratings and the above criteria to 

display the top fifty books to the user [153]. 

They used LM for baseline CB results with fifty topics and user profiles from the 2013 

A/LT dataset. The reasoning module was implemented using SPARQL-DL for reasoning. 

Three runs were performed. Run 1 using baseline search with no changes in the topics set. 

Run 2 is an IR run using the generic ontology with no changes in the topics set. Run 3 is a 

recommendation run by applying reasoning approach. Run 2 outperformed the other two 

runs. Run 3 gave more precise results than Run 2 suggesting that a larger portion of the 

user information needs could be met by recommendation. The social data is beneficial 

both for personalized IR and understanding user preferences [153]. 
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4.3 Evaluation of the Best-Performing Runs 

Although the studies reported in Section 4.2 have used different evaluation metrics, the 

majority of them adopted the ones specified by the SBS Track/Lab organizers, which 

include nDCG@10, P@10, MRR, MAP, and R@10000, with nDCG@10 being the 

official evaluation metric [2-10]. Table 4.3 uses these metrics to report on all the best-

performing runs (We describe them as official if published on INEX/CLEF websites and 

non-official if published outside in their corresponding publications, cited in this chapter). 

Each run is described by its abbreviated team name, participation year (based on the usage 

of topics set of the corresponding year) with citation and evaluation in terms of these five 

metrics. In publications published outside the INEX/CLEF proceedings, the performance 

is evaluated using topics sets from multiple years and therefore, the best-performing run 

using topics set of a specific year is considered as participation to that year’s track. This is 

distinguished using an asterisk (*) with year of participation based on topics sets. A plus 

(+) sign indicates that the run has no corresponding publication (we could only collect its 

values from INEX/CLEF websites). Table 4.4 and 4.5 report on the year-wise performance 

of each of the best-performing official and non-official runs in terms of nDCG@10 only. 

The best-performing runs are highlighted as bold and underlined. The aim is to compare 

teams using the same topics set to understand which approach gives the overall best 

performance. Table 4.4 and 4.5 lead to the following inferences: 

The best non-official run in the year 2009 is by Microsoft Research, UK [16], with 

nDCG@10=43.57, obtained by exploiting book structure in fielded retrieval by dividing 

book content into six logical parts along with professional and social metadata. However, 

this run cannot be compared with the remaining SBS experiments from the perspective of 

a fair comparison as it is based on a totally different collection, topics set and relevance 
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judgments. Also, their experiments failed to consider the contribution of social metadata in 

document representation for indexing. 

The best official run in the year 2011 is from the University of Amsterdam [140] with 

nDCG@10=0.3101, obtained by running <title> against the index generated from social 

metadata with PRF using fifty distinct terms from top ten baseline results. The best non-

official run is again from the same institution [206] with nDCG@10=0.7860, obtained by 

running <title> against the reviews index (social metadata) and using AMT relevance 

judgments. However, for a fair comparison, the run that is based on LT relevance 

judgments should be considered, which is 0.2510 and therefore, USTB [95] takes this lead 

with nDCG@10=0.4215. 

The best official run in the year 2012 is by the University of Amsterdam [139] with 

nDCG@10=0.1456, obtained by running <title> against the index generated from social 

metadata with PRF using fifty distinct terms from top ten baseline results. The best non-

official run is from Tang-CHI [195] with nDCG@10=0.6751, obtained by using social 

relations (e.g., “interested friends”) and tags. However, from the perspective of fair 

comparison, they performed their runs on ten selected topics only. Therefore, CERIST 

[18] takes this lead with nDCG@10=0.2425. 

The best official run in the year 2013 is from RSLIS [13] with nDCG@10=0.1361, 

produced by running all <title>+<query>+<group>+<narrative> against the all-document-

fields-index with no social feature re-ranking. The best non-official run is from University 

of Manouba [153] with nDCG@10=0.3000, which is a personalized IR run using the 

generic book ontology with no changes in the topics set. 

The best official run in the year 2014 is by USTB [141] with nDCG@10=0.3030, obtained 

by merging the results of all the social feature re-ranking methods using L2R’s RF and by 
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considering that if a book is similar to either of two similar queries, it must be similar to 

the other query as well. The best non-official run is again from USTB [179] with 

nDCG@10=0.1960, obtained by exploiting “relevance,” “quality,” “timeliness,” and 

“diversity” of social metadata and statistics from social media and using convolutional 

neural networks (CNN).  

The best official run in the year 2015 is from MIIB-IRIT [19] with nDCG@10=0.1860, 

obtained through L2R’s Random Forests with a hundred trees based on six textual baseline 

runs and re-ranking using tags, price, number of pages, and BA ratings. The best non-

official run is again from MIIB-IRIT [178] with nDCG@10=0.2080 by considering the 

diversity factor and all the criteria from social media including number of comments, 

shares, reviews, tags, likes, and ratings. 

The best official run in the year 2016 is by USTB [183] with nDCG@10=0.2157, obtained 

by selecting words from the topic for QE and running it against a small index of active 

books, and combining all re-ranking models. The best non-official run is from ISMD 

[172], which is obtained by following USTB [1, 95] of using their novel PRF and 

exploiting user profiles along with the social metadata. 

As can be seen from these points, exploiting book structure semantics, professional and 

social metadata gives the best retrieval results [16]. It is, therefore, necessary to do further 

experiments by exploring and exploiting more structure semantics (by dividing book 

content into more granular fields than the six fields adopted by [16]) and then combining 

them with professional and social metadata in different combinations. However, it is 

unclear whether this approach would be helpful when tested on the A/LT collection, topics 

sets and relevance judgments. Bringing Semantic Web and ontologies may further 

improve search precision and accuracy, as University of Manouba [153] did, where a 
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generic ontology was created using A/LT collection records and tested on 2013 topics set 

for personalized IR, which is the best-performing non-official run of 2013. More detailed 

ontologies could be created by capturing a larger set of semantics to expand these 

experiments in producing more effective book retrieval solutions. 

The social metadata does improve performance both with and without relevance feedback, 

[139, 140, 195, 206]. Social feature re-ranking & merging [19, 141, 183] improves the 

search performance; however, sometimes running only all topic fields against the index 

generated from professional and social metadata with any social feature re-ranking may 

give good retrieval results [13]. Moreover, introducing “relevance,” “quality,” 

“timeliness” and “diversity” of social metadata and statistics from social media into the 

search framework increases retrieval performance [179]. The diversity of actions, when 

combined with other social signals including the number of comments, shares, reviews, 

tags, likes, and ratings improves retrieval performance [179]. 

Table 4.3: The Best-Performing Social Book Search Runs 

S. No. Team Participation Year 

with Citation 

nDCG@10 P@10 MRR MAP R@1000 

1.  UPF 2011 [204] 0.1531 0.0995 0.2478 0.1223 _ 

2.  RSLIS 2011 [11] 0.2991 0.1991 0.4731 0.1945 _ 

3.  2012 [12] 0.1452 0.1248 0.3061 0.1059 _ 

4.  2013 [13] 0.1361 0.0653 0.2286 0.0861 _ 

5.  2014* [17] 0.0993 _ _ _ _ 

0.1115 _ _ _ _ 

6.  ISMD 2013
+
 0.1150 0.0479 0.1839 0.0800 _ 

7.  2014 [197] 0.0670 _ 0.1230 0.0490 0.2850 

8.  2016 [184] 0.0765 _ 0.1722 0.0342 0.2157 

9.  2016* [175] 0.1974 _ 0.2874 0.1734 0.3783 

10.  2014* [172] 0.1585 0.2980 0.2763 0.4750 _ 

11.  2015* [172] 0.1950 0.4230 0.2150 0.6250 _ 

12.  2016* [172] 0.2190 0.5767 0.3453 0.6850 _ 

13.  OUC 2012 [207] 0.0884 0.0861 0.2347 0.0864 _ 

14.  2013 [200] 0.0100 0.0071 0.0215 0.0076 _ 

15.  2015 [191] 0.0820 _ 0.1820 0.0520 0.3410 

16.  2016 [186] 0.0228 _ 0.0766 0.0127 0.1265 

17.  CYUT 2013 [170] 0.0392 0.0287 0.0796 0.0201 _ 

18.  2014 [171] 0.1190 _ 0.2460 0.0860 0.3400 

0.1190 _ 0.2430 0.0850 0.3320 
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S. No. Team Participation Year 

with Citation 

nDCG@10 P@10 MRR MAP R@1000 

19.  2015 [169] 0.0820 _ 0.1940 0.0500 0.3190 

20.  2016 [168] 0.1158 _ 0.2563 0.0563 0.1603 

21.  UAms 2011[140] 0.3101 0.2017 0.4811 0.2283 _ 

22.  2012[139] 0.1456 0.1376 0.3696 0.1249 _ 

23.  2011* [206] 0.5790 _ _ 0.3090 0.720 

0.7860 _ _ 0.3890 0.756 

0.5420 _ _ 0.3330 0.783 

0.2510 _ _ 0.1740 0.680 

24.  2013 [14] 0.1331 0.0771 0.2342 0.0788 _ 

25.  2013
+
 0.0664 0.0355 0.1143 0.0386 _ 

26.  2014
+
 0.0970 _ 0.1790 0.0730 0.4210 

27.  2014* [97] 0.1640 _ _ _ 0.5639 

28.  2015
+
 0.0680 _ 0.1600 0.0510 0.3880 

29.  2016 [2, 4] 0.0944 _ 0.2272 0.0548 0.3122 

30.  UMD 2014 [199] 0.0970 _ 0.1880 0.0690 0.3280 

31.  LaHC 2014 [15] 0.1424 _ 0.2753 0.1070 0.4262 

32.  2015 [193] 0.0880 _ 0.1740 0.0650 0.4830 

33.  LIG 2015 [192] 0.0980 _ 0.1890 0.0690 0.5140 

34.  2016 [165] 0.0889 _ 0.1889 0.0518 0.3491 

35.  CERIST 2015 [194] 0.1370 _ 0.2850 0.0930 0.5620 

36.  2016 [181] 0.1567 _ 0.3513 0.0838 0.4330 

37.  2011* [177] 0.3291 _ _ _ _ 

2012* [177] 0.2210 _ _ _ _ 

2013* [177] 0.1524 _ _ _ _ 

2014* [177] 0.1565 _ _ _ _ 

2015* [177] 0.1380 _ _ _ _ 

2016* [177] 0.1500 _ _ _ _ 

38.  2011* [18] 0.3595 _ _ _ _ 

2012* [18] 0.2425 _ _ _ _ 

2013* [18] 0.1888 _ _ _ _ 

2014* [18] 0.1886 _ _ _ _ 

2015* [18] 0.1526 _ _ _ _ 

2016* [18] 0.1793 _ _ _ _ 

39.  KNOW 2016 [187] 0.0058 _ 0.0227 0.0010 0.0013 

40.  LIA & 

LSIS 

2011 [205] 0.2710 0.1900 0.4250 0.1770 _ 

41.  2012 [208] 0.1312 0.1376 0.3703 0.1138 _ 

42.  2013 [203] 0.0596 0.0324 0.1101 0.0367 _ 

43.  2014 [198] 0.1280 _ 0.2360 0.1010 0.4410 

44.  2015 [147] 0.0810 _ 0.1830 0.0580 0.4010 

45.  2014* [190] 0.1099 0.0780 0.2670 0.0720 _ 

0.1380 0.0579 0.2070 0.1170 _ 

46.  2014-15* [142] 0.1280 0.0670 0.2360 0.1010 _ 

0.0630 0.0440 0.1470 0.0460 _ 

47.  2016 [185] 0.0450 _ 0.1166 0.0518 0.3491 

48.  Tang-CHI  2012* [195] 0.6751 _ _ _ _ 

0.6445 

49.  USTB 2012-13* [196] 0.1680 0.1892 _ _ _ 

0.1332 _ _ _ _ 

50.  2014 [141] 0.3030 _ 0.464 0.2320 0.3900 

51.  2015 [189] 0.1060 _ 0.232 0.0680 0.3650 

52.  2016 [183] 0.2157 _ 0.5247 0.1253 0.3474 
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S. No. Team Participation Year 

with Citation 

nDCG@10 P@10 MRR MAP R@1000 

53.  2011-13* [1] 0.3423 0.2065 0.5223 _ _ 

0.1923 0.1497 0.4032 _ _ 

0.1654 0.0821 0.2465 _ _ 

54.  2011-14*[95] 0.4215 0.2632 0.5634 _ _ 

0.2206 0.1634 0.4475  _ 

0.1713 0.0928 0.2628  _ 

0.1564 0.1120 0.2628  _ 

55.  2016*[180] 0.1234 _ _ 0.0836 _ 

0.0994 _ _ 0.0603 _ 

56.  2012-16* [179] 0.2330 0.1690 0.4560 _ _ 

0.1860 0.1040 0.2840 _ _ 

0.1960 0.3240 0.1380 _ _ 

0.2040 0.4260 0.1250   

0.2160 0.5250 0.1260   

57.  MIIB-

IRIT 

2015 [19] 0.1860 _ 0.3940 0.1050  

58.  2016 [188] 0.0674 _ 0.1512 0.0472 0.2556 

59.  2015*[178] 0.2080 0.1078 _ 0.0986 _ 

60.  2014* [173] 0.1518 _ _ 0.1194 _ 

61.  2016* [173] 0.1688 _ _ 0.1054 _ 

62.  MS 

Research  

2009*[16] 43.79 _ _ _ _ 

63.  Uni-M 2016* [153] 0.3000 0.1200 _ 0.08000 _ 

64.  NTNU 2013
+
 0.0832 0.0405 0.1464 0.0518 _ 

65.  IR@JU 2015
+
 0.0110 _ 0.023 0.0060 0.0090 

Table 4.4: The Topics (year)-wise Relative Performance of Contributions Published in 

INEX/CLEF Proceedings 

S. No. Team Search performance of the Official Runs in terms of nDCG@10  

2011 2012 2013 2014 2015 2016 

1.  UPF 0.1531      

2.  RSLIS 0.2991 0.1452 0.1361    

3.  ISMD   0.1150 0.0670  0.0765 

4.  OUC  0.0884 0.0100  0.0820 0.0228 

5.  CYUT   0.0392 0.1190 0.0820 0.1158 

6.  UAms 0.3101  0.1456  0.1331/0.0664
+
 0.0970 0.0680

+
 0.0944 

7.  UMD    0.0970   

8.  LaHC    0.1424 0.0880  

9.  LIG     0.0980 0.0889 

10.  CERIST     0.1370 0.1567 

11.  LIA/LSIS 0.2710 0.1312 0.0596 0.1280 0.0810 0.0450 

12.  KNOW      0.0058 

13.  USTB    0.3030 0.1060 0.2157 

14.  MIIB-IRIT     0.1860 0.0674 

15.  NTNU   0.0832
+
    

16.  IR@JU     0.0110  
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Table 4.5: The Topics (year)-wise Relative Performance of Contributions Published 

Outside the INEX/CLEF Proceedings 

S. No. Team Search performance of the Non-Official Runs in terms of nDCG@10 

2011 2012 2013  2014 2015 2016 

1.  ISMD    0.1585 0.1950 0.2190 

2.  UAms 0.2510   0.1640   

3.  CERIST 0.3595 0.2425 0.1888 0.1565 0.1526 0.1793 

4.  LIA/LSIS    0.1380 0.0630  

5.  Tang-CHI       

6.  RSLIS    0.1115   

7.  USTB 0.4215 0.2310 0.1715 0.1960 0.2040 0.2160 

8.  MIIB-IRIT    0.1518 0.2080 0.1688 

9.  Uni-Manouba   0.3000    

4.4 Discussion and Analysis 

This section attempts to answer the second research question by reporting the current 

research trends from the cited literature based on the data reported in Table 4.2. It also 

identifies some challenges and opportunities for future research.  

4.4.1 The Current Research Trends 

By analyzing the selected publications, it can be found that the SBS experiments mostly 

involve the following five necessary steps: (i) pre-processing the dataset for fair 

experiments and may include stop words removal, stemming, document length 

normalization, etc.; (ii) the selection of IR platform for SBS experiments; (iii) baseline 

retrieval by running topic’s specific fields in different combinations against the index and 

selecting a ranking function/weighting model to present the baseline retrieval results in 

ranked order; (iv) re-ranking search results using different approaches by exploiting 

metadata in different ways; (v) evaluating the search performance using the official 

(nDCG@10) and related evaluation metrics.  

Figure 4.4(a) shows the number of registered participants, the number of active 

participants who submitted runs, and the number of publications. The number of registered 
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participants is greater than the active participants and number of publications. This shows 

that although researchers were interested in the topic and wished to submit runs to the 

track, the limited time frame of one year (as pointed out by [149] in the context of 

Interactive SBS) for such experiments did not allow them to submit runs and subsequently 

write about their contributions. Regarding the baseline retrieval model, Figure 4.4(b) 

shows that LM is on the top followed by probabilistic retrieval (BM25 especially), SDM, 

VSM, and then InL2. Several studies were unable to mention their retrieval model while 

others implemented several models (not shown in Figure 4.4). 

  

(a) (b) 

Figure 4.4: Current Trends: (a) Overall SBS Progress; (b) IR Model Usage 

Figure 4.5(a) displays that many studies have considered stop-words removal and 

stemming. Many have either removed stop words or didn’t mention them and very few 

studies avoided its removal. Stemming is both used and not used (usage is greater than the 

no use) while at the same time many didn’t mention its usage. In indexing, Figure 4.5(b), 

most of the proposed solutions used professional and social metadata, while, the structure 

semantics have been exploited by few studies. Although few content fields such as blurbs, 

etc., are available in the A/LT collection and researchers have used them, they received no 

special treatment to be classified as approaches using structure semantics. To better 

understand the importance of structure semantics and their role (when combined with 
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professional and social metadata) in search performance, the A/LT dataset should be 

enriched with additional fields by bringing text from the book content by dividing it into 

logical parts (like in [16]) or by downloading additional details from publishers, librarians 

and other social web applications.  

To search the index, as in Figure 4.6(a), different topic fields are used either alone or in 

combination. The most widely used topic field is <title>, followed by <narrative> 

(<request> in 2016 topics), then mediated <query>, <group>, and finally <example>. Few 

studies neglected to mention which topic fields they used. One possible reason behind the 

greater usage of the title field can be the restrictions on the submitted runs, in which at 

least one run must use it [10]. Nonetheless, the graph also shows that <title>, <narrative>, 

<query> and <group> fields are considered representative of the user information need, 

although researchers have varying opinions. The initial search results are ranked, shown in 

Figure 4.6(b), by most researchers using the default ranking function (baseline) of the 

search engine tool used, followed by variants of BM25, and then QLM, whereas few have 

mentioned TF-IDF and TF-IQF. 

  

(a) (b) 

Figure 4.5: Current Trends: (a) Document Pre-processing; (b) Indexing 
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The initially ranked search results are then re-ranked by many researchers using different 

approaches (Figure 4.7(a)) including social feature re-ranking, query expansion and re-

ranking using textual and non-textual modalities. Few studies used no re-ranking methods 

and relied only on the baseline search results. The social feature re-ranking and query 

expansion are the leading re-ranking techniques. Also, the use of textual and non-textual 

modalities is getting attention and several studies used them.  Figure 4.7(b) shows that 

most of the selected studies used Indri as the search engine, followed by Terrier, Lucene, 

and Galago, where few were unable to mention them. Many studies have used free, open-

source and academic search engines. 

  

(a) (b) 

Figure 4.6: Current Trends in Social Book Search: (a) Searching; (b) Ranking Function 

  
(a) (b) 

Figure 4.7: Current Trends: (a) Re-ranking Strategies; (b) Use of Search Engine Tool. 
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Regarding the retrieval (operation) mode, Figure 4.8(a) shows that most of the selected 

studies adopted SBS process as either search, recommendation, or search-recommendation 

hybrid – the latter is dominant over the former two approaches. In case of recommendation 

or search-recommendation hybrid modes, the information filtering is mostly hybrid, 

followed by CB, and then collaborative filtering (CF). The user profiles have been used 

comparatively in less number of studies, although, it has the potential to affect the retrieval 

performance significantly as any modern-day solution is user-centric, where social signals 

based on user interactions are essential to consider in the design. Figure 4.8(b) shows that 

a majority of the selected studies used A/LT collection, topics sets and qrels and only few 

used local datasets. Figure 4.8(c) shows that almost all the studies have used nDCG@10 

because of being the official evaluation measure, followed by MRR, MAP, P@10, and 

then R@1000. 

4.4.2 Research Challenges and Opportunities 

The Social Web has reshaped the book search landscape revealing aspects of user needs, 

preferences and strategies that were previously unknown. Today, users help each other in 

finding relevant and related books on SBS applications where books are described more 

meaningfully using the professional and social metadata. Although the users frequently 

produce, share and benefit from this rich source of information, the social metadata is not 

made part of the main search index of book search solutions, which still rely on the 

classical models of retrieval [206]. It is, therefore, a research challenge and opportunity for 

online SBS solutions and social collaborative cataloging applications to efficiently exploit 

the social metadata in the search process, use the book suggestions made by users as 

relevance judgments, and learn from user interactions with metadata and the viewable full-

text portions to produce better search and recommendation services. 
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The known-item search can be better served with the book title and reviews than other 

metadata fields, whereas the topical relevance and recommendation aspects of the book 

search are better served by reviews than others (including tags) [206]. Even if reviews are 

short, vague and unhelpful, they are useful enough to improve book retrieval significantly. 

This differentiates book search from web search as the latter has to deal with spams and 

low-quality documents [206]. Making social metadata as part of the search-

recommendation service enables the SBS solution to better reflect the information needs 

of the users [97, 206], making both known-item and exploratory search better by reducing 

the terminology-mismatch among catalogers, indexers, patrons, SBS solutions, and users. 

  

(a) (b) 

 
(c) 

Figure 4.8: Current Trends in Social Book Search: (a) Retrieval Mode (Retrieval Mode, 

IF, User Profile Usage); (b) Datasets (Collection, Topics); (c) Evaluation Metrics 
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Most of the selected publications advocate for the importance of social metadata in book 

retrieval with few studies focusing on the content and structure of books. According to 

[15], it is the book content that defines the user information need. In other words, the book 

content, when combined with professional and social metadata, can more meaningfully 

define the relevance of the book against the search query. The massive size of the full-text 

digital book collections makes it difficult to realize this fact, as exploiting them in SBS 

context needs mitigating the issues regarding their storage, performance, and content 

compared to text collections of moderate size and complexity [207, 209]. Another 

challenge is generating new knowledge and identifying/analyzing ideas based on the 

available book content [207, 209]. Copyright issues pose another challenge. Although 

their colossal size remains a challenge, the copyright issue can be resolved by making 

intelligent use of the front and back matter (or some pages, like on Amazon) of the books 

which are generally available free of cost and allowed to be viewed publically. From this 

viewable content, the logical parts such as title page, TOC, forward, preface, glossary, and 

index could be extracted and indexed in fielded retrieval (BM25F) or some other specific 

weighting scheme to better learn about the relevance of a book against a query when 

exploited together with professional and social metadata. The challenge of generating new 

knowledge and ideas using the available digital book collection can be addressed by the 

use of the latest Semantic Web technologies and LOD [207, 209]. 

The development and use of ontologies (by exploiting professional and social metadata) in 

SBS [153] is the first step towards social semantic book search engine. The proposed 

ontological model could be better exploited if book structure semantics are made part of 

the reasoning process. The ontology could be more productive for SBS if in addition, it 

captures the book structure by exploiting the full-texts of the digital book collections. The 
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ontology that models the book structure, bibliographic, and social aspects together with 

the aspects of social networks such as authoritativeness, popularity [16], freshness, 

timeliness, quality, and diversity [179] will allow the development of a more semantically 

enriched personal information space for the users, where search and recommendation can 

be amalgamated to generate a better user-centric book retrieval solution. The development 

of such a social semantic book search solution will enable digital libraries, publishers, and 

web portals to improve their search and recommendation services. The content can be 

exploited fully in search and reasoning but displayed in limited view to avoid copyright 

violation for the copyrighted books. 

All the contemporary IR solutions aim at retrieving relevant information objects in 

response to the user information need, which is  represented through some search query 

[148]. An IR system can be referred to as “information providing mechanisms [210],” 

which satisfy the information needs of the users by providing relevant information objects 

at the right time and place, and which convey meaningful and relevant information to the 

users with respect to the intent behind the search query [148, 210]. This relevance can be 

manifested as user relevance and topical relevance, where the former means relevance 

judgment of the information object in relation to the information need and can be used (by 

users or surrogates) as a gold standard to measure the topical relevance, which is the 

retrieval of relevant information objects in response the search query using different IR 

algorithms [148]. The user relevance is normally carried out under the HCI, Information 

Science, and IIR and has been covered, regarding books, in sufficient detail in iTrack 

2009-10, CHiCi 2013, and iSBS 2014-16. The topical relevance has been attempted in 

several contributions of the SBS experiments.  
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Regarding the acceptance of topical relevance, there are two schools of thoughts. The first 

school of thought considers information objects topically relevant if it can help answer 

user search query. Therefore, topicality, according to this school of thought, is basic and 

all other relevance manifestations follow from it. The second school of thought opposes 

this view and considers relevance beyond topicality [148], which is more convincing as 

there are other things beyond topicality, e.g., considering the user intent behind the query, 

understanding the context of the search, and the support for exploration and learning new 

things. Also, usefulness is beyond topicality and directly fall in the second school of 

thought; therefore, topicality does not underlie all other manifestations [148]. The 

challenge is that the majority of IR system use the classic model with the traditional query-

response paradigm and therefore, unable to include the user relevance [148].  

Another issue is the lack of a relevance theory that applies to information science, 

especially IR, although some attempts were made but not tested [148]. The development 

of such a theory will provide the conceptual basis, testable principles and proposition to 

explain relevance, its manifestations, predict its behavior and effects when applied to 

specific scenarios in Information Science and IR. IR is working fine without a relevance 

theory but defining an appropriate theory may bring many advances to the field [148]. 

Working on this side of SBS and organizing workshops by inviting experts in IR, 

Information Science, HCI, search engines, and SBS applications both from industry as 

well as academia could bring more fruitful results. 

The relevance is becoming proprietary, i.e., the algorithms and techniques used by major 

search engines are kept secret and therefore, (mostly) unknown to the research and 

development community [148]. For example, Google Books uses one hundred unknown 

ranking signals or tweaks to decide the relevance of a book to a specified query [211]. No 
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doubt, for these proprietary search solutions to be successful, they are very much 

interested in relevance and perform studies about relevance, but the results of these studies 

are not available in the open literature. They may have performed relevance studies, in 

which they have studied users, but the results are kept secret. According to [212] as cited 

in [148], it is necessary to study the criteria employed by users in deciding the relevance of 

information objects for an informed system design. However, researchers working in the 

system’s side of relevance ask the user’s side “tell us what to do, and we will do it [148],” 

but this telling is not that simple due to several factors including the lack of a relevance 

theory [148]. Therefore, the system design should be connected to users in a more direct 

and involved way, which requires efforts to connect research findings of user- and system-

side of relevance more pragmatically [148]. Readers not only look for books that are 

topically relevant but also on their taste, e.g., books that are interesting and with engaging 

content, and therefore, relevance should be looked at from different dimensions [10]. 

According to Koolen [213], users have complex information needs, which are difficult to 

express to the IR systems  meaningfully. However, these can be clearly expressed to other 

users and therefore, they turn to social book web applications, where they express their 

needs in natural language and others respond with book recommendations. Sometimes, 

multiple titles are available and the user is looking for a correct reading order to 

understand the subject. Other times, the task is exploratory in nature and the reader has no 

idea about the representative search query that describes their information need and 

unaware of the books that will fulfill their selection criteria. The SBS solution needs to 

understand these complex information needs and respond accordingly for both known-

item and exploratory search tasks. Users are also interested in popular books, the ones 

reviewed, rated, cataloged, tagged, cited, and bought by many readers. This bibliometric 
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information can be made part of the retrieval process to help users in meeting these 

complex search scenarios [213]. The freshness and diversity of social signals regarding a 

resource could further improve the search performance, if the profiles of the users, their 

friends, and their actions are considered in the search framework [178]. A search solution 

should not only find the relevant books but also help in making informed decisions by 

comparing books at various levels of semantics. 

Although the SBS tracks/labs have been successful in gathering researchers from all over 

the world, these efforts mark the beginning of this future-proof topic of Social Book 

Search. Further tracks/labs should be organized with a focus on enriching and updating the 

datasets with structure, professional, and social metadata and increasing the time-span (of 

each track for runs and paper submission). The focus should be on understanding the 

relevance, its manifestations concerning the user information needs, devising relevance 

theory for SBS, and developing IR evaluation methodologies and test collections that ease 

the development and testing of such user-centric search solutions. 

4.5 Summary 

This chapter focused on the retrieval side of SBS by studying critically the available 

literature. It contributed an evaluation framework to compare the selected SBS solutions 

and give a quick insight to the readers regarding the current state of SBS, identify the 

commonalities and differences in these solutions with a discussion on the current trends, 

challenges, and research opportunities. The best-performing runs of the selected studies 

were reported. This is the final chapter of Part-I of this thesis. The next part (Part-II) of 

this thesis has two chapters. Chapter 5 presents the design, development and evaluation of 

the proposed baseline and re-ranking SBS retrieval experiments. Chapter 6 presents 

results, discussions and analysis of the findings.  
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“The significant problems we have cannot 

be solved at the same level of thinking with 

which we created them.”  

― Albert Einstein 
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Chapter 5 : The Social Book Search 

Experiments 

This chapter presents the development and evaluation methodology of the proposed SBS 

experiments. The aim is to meet the second and third objectives regarding the 

development of a strong classical book retrieval baseline using the book structure 

semantics, bibliographic descriptions and social metadata and devising a re-ranking 

method that adopts a multifeatured fusion of the professional and social metadata, 

respectively. The baseline and re-ranking experiments use the A/LT book corpus, topics 

sets and relevance judgments. The chapter spans four sections. Section 5.1 presents the 

theoretical aspects of the proposed baseline and re-ranking experiments. Section 5.2 

presents the implementation flow of the baseline retrieval experiments including pre-

processing, indexing, searching, and ranking. Section 5.3 presents the proposed re-ranking 

algorithms. Section 5.4 describes the evaluation methodology in terms of the evaluation 

metrics and libraries. Section 5.5 concludes the chapter. 

5.1 The Proposed Social Book Search Experiments 

Figure 5.1 presents a schematic diagram of the proposed SBS experiments. The dotted 

lines stand for data flow between different stages, activities or steps as well as the users 

and the SBS solution. The users enter the search query, which is matched against the index 

"Get it down. Take chances. It may be bad, but it's the 

only way you can do anything really good." 

– William Faulkner 
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holding books and associated metadata. The baseline search results are re-ranked using the 

available metadata features and displayed to the users in a ranked order showing the most 

relevant books at the top of the search results list.  

 

Figure 5.1: A Schematic Diagram of the SBS experiments for Producing and Evaluating 

Baseline and Re-ranking Runs 

To exploit the book structure semantics, the full-text of the books must be available, which 

is only possible when the books are in public domain and out-of-copyright. However, only 

few books are in public domain, out-of-copyright or free. In such cases, one viable 

solution is to use the front matter, back matter, or textual excerpts available free to view 
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and download on the publisher websites. The professional and social metadata is freely 

available, which can be exploited together with these full-text sources to generate different 

types of indexes. Considering an ideal situation, when both the full-text is available with 

all the professional and social metadata, the following paragraphs discuss the possible 

indexes that can be generated and used in the baseline experiments. 

The solid lines represent the implementation and process flow of the proposed SBS 

solution in the form of an activity diagram. First, the book corpus having full-text (FT) or 

some FT excerpts, professional metadata from the publisher websites and social metadata 

from SBS websites are pre-processed using stemming, stop-words removal and document 

length normalization. Indexing the resulting data produces different types of book 

representations including FT-index using the full-text (FT) of the book, FM-index using 

the front matter (FM) or its sub-components, e.g., TOC, preface, etc.; BM-index using the 

back matter (BM) or its sub-components, e.g., glossary, index pages, etc.; PM-index using 

the professional metadata (PM); SM-index using social metadata (SM) including tags and 

reviews; AM-index using all metadata; and FT-plus-index by indexing FT, front matter, 

back matter, or any available FT excerpts with the professional and social metadata. By 

FT-plus-index, the aim is to assess if structure semantics contribute to the SBS process.  

Similarly, by following [14], the topic’s title (T), query (Q), group (G), and narrative (N) 

are run in different combinations against the indexes to understand the contribution of 

topic representation in the retrieval of relevant books. Both traditional (TF-IDF, BM25) as 

well as fielded (BM25F) ranking/weighting models are employed to understand their 

impact on the baseline search results. The fielded retrieval is applied on fields representing 

book content in FT and FT-plus indexes. This combination leads to 144 different baseline 

runs, as shown in Table 5.1. 
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Mathematically, Equation 5.1 computes the TF-IDF score 𝑆𝑇𝐹.𝐼𝐷𝐹(𝑞, 𝑑) of a document 𝑑 

against the search query 𝑞, in which TF is computed using Equation 5.2 with 𝑓𝑡,𝑑 as the 

number of times a query term 𝑡 appears in the document 𝑑. The IDF is given in the second 

part of Equation 5.1, where 𝑁𝑡 is the number of documents containing term 𝑡 among the 

total number of documents 𝑁 in the collection [214]. 

𝑆𝑇𝐹.𝐼𝐷𝐹(𝑞, 𝑑) = 𝑇𝐹(𝑞, 𝑑) ∗ log (
𝑁

𝑁𝑡
) 5.1 

𝑇𝐹(𝑞, 𝑑) = {
log(𝑓𝑡,𝑑) + 1         𝑖𝑓 𝑓𝑡,𝑑 > 0,

0                            𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.
 5.2 

Table 5.1: The SBS Experiments for Selecting the Best Classical Baseline Run 

S. 

No 
Index Type 

Baseline 

Retrieval 
Topic’s fields 

No. of 

Runs 

Total No. of 

Runs 

T
F

-I
D

F
 

B
M

2
5

 

B
M

2
5

F
 

T
 

Q
 

T
Q

 

T
Q

G
 

T
Q

N
 

T
Q

G
N

 

1.  Full-text (FT)          18 

144 

2.  Front Matter (FM)          18 

3.  Back Matter (BM)          18 

4.  Professional Metadata (PM)          12 

5.  Social Metadata (SM)          12 

6.  All Metadata (AM)          12 

7.  FT-plus (FT+AM)          18 

8.  FM-plus (FM+AM)          18 

9.  BM-plus (BM+AM)          18 

BM25 is the most widely used probabilistic retrieval model and ranking function, which 

adopts a different approach for computing TF and IDF. Mathematically, it is given in 

Equation 5.3, in which the document 𝑑 has length |𝑑| in terms of the number of words, 

𝑎𝑣𝑔𝑑𝑙 is the average document length in the document collection, 𝑘1 and 𝑏 are constants 

with values  𝑘1 = 1.2 and 𝑏 = 0.75 [157]. 
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𝑆𝐵𝑀25(𝑞, 𝑑) =
𝑓𝑡,𝑑(𝑘1 + 1)

𝑓𝑡,𝑑 + 𝑘1 (1 − 𝑏 + 𝑏.
|𝑑|

𝑎𝑣𝑔𝑑𝑙
)
∗ log (

𝑁 − 𝑁𝑡 + 0.5

𝑁𝑡 + 0.5
) 

5.3 

Unlike TF-IDF and BM25 weighting schemes, BM25F combines the per-field-based term 

frequencies of all the contributing document fields before computing the final score of a 

document against the search query, this way field-specific details are included in defining 

the relevance of documents [157]. In Terrier IR platform [23-26], a range of retrieval 

models are already implemented including e.g., TF-IDF, BM25, BM25F, InL2, SDM, 

DLM, etc.  In addition, Terrier 5.1 comes with the trec_eval library, which makes it a 

complete IR experimentation and evaluation platform and therefore, it is the best choice 

for performing the baseline retrieval experiments. The baseline runs are evaluated and 

compared on different evaluation metrics, selected from SBS research literature including 

nDCG@10, P@10, MAP, MRR, and R@1000 [2]. Among these, nDCG@10 has been 

used by the existing studies as the authoritative evaluation metric and therefore, this work 

used it for selecting the best-performing baseline runs. Section 5.4 describes the evaluation 

methodology. 

The re-ranking model uses Equation 5.4 [12, 22] to compute the re-ranking score 𝑆𝑟𝑟(𝑑, 𝑞) 

of a document 𝑑 against the search query 𝑞 by linearly interpolating the baseline score 

𝑆𝑜(𝑑, 𝑞) using TF-IDF (Equation 5.1), BM25 (Equation 5.3) or BM25F with the sum of 𝑆𝑖 

scores based on metadata features (𝑖 = 1,2,3, … , 𝑛) including ratings, tags, reviews, votes, 

editions, volumes, number of libraries holding the book, and so on. Each metadata feature 

can be exploited either as standalone or combined with others to compute a given 𝑆𝑖 score 

and summed up with other 𝑆𝑖 scores using Equation 5.4. For example, inspired from [203], 

the ratings 𝑟𝑖 (with a maximum rating 𝑟𝑚𝑎𝑥) can be combined with the number of reviews 

𝑛, helpful votes ℎ𝑖 and total votes 𝑡𝑖 (with 𝑖 = 1,2,3, … , 𝑛) using Equation 5.5. The tags 
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can be exploited using Equation 5.6, where 𝑁𝑡 is the number of tags 𝑡, each having tag 

frequency 𝑇𝐹𝑡, in the set of tags 𝑇 for a book. The same equation can also be modified for 

number of pages, price, number of editions and other similar features that are explored 

from time to time. The value of 𝛼 is kept 0.95 by following [12, 22]. 

𝑆𝑟𝑟(𝑑, 𝑞) = 𝛼 ∗ 𝑆𝑜(𝑑, 𝑞) + (1 − 𝛼)∑𝑆𝑖

𝑛

𝑖=1

 5.4 

𝑆𝑖 = {
∑

𝑟𝑖
𝑟𝑚𝑎𝑥

×
ℎ𝑖 + 1
𝑡𝑖 + 1

𝑛
𝑖=1

𝑛
                 𝑖𝑓 𝑛 > 0

0                                𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 5.5 

𝑆𝑖 =
log(𝑁𝑡 + 1)

𝑁𝑡 + 1
×

∑ log(𝑇𝐹𝑡 + 1)𝑡∈𝑇

𝑁𝑡 + 1
 5.6 

The re-ranked search results are also evaluated using the same evaluation metrics to assess 

how much re-ranking improves over the baseline run and see whether the structure 

semantics combined with the social metadata improves book retrieval. This also allows 

evaluating the proposed work against the published SBS solutions. The next section 

discusses the methodology for implementing the proposed baseline retrieval experiments. 

5.2 The Baseline Retrieval Experiments 

The only available dataset to perform the SBS experiments, discussed in Section 5.1, is the 

A/LT book corpus with topics sets (2011-16) and relevance judgments. Although A/LT 

corpus lacks in the full-text of the books, it has several content-related fields that can be 

treated as the structure semantics in performing the fielded runs. This section presents the 

experimental setup including preprocessing, indexing, searching, and ranking of the 

proposed SBS baseline retrieval experiments. 
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5.2.1 Pre-processing 

As mentioned, there are several content-related fields e.g., first words, last words, blurbs, 

quotation, etc., in the A/LT documents holding information taken directly from the content 

of the books. These tags could be used to represent the structure semantics of the book in 

fielded runs but most of these fields are empty for a major portion of the corpus. 

Therefore, it is necessary to find out ways of enriching the dataset by fetching additional 

freely available data from publishers, databases or SBS web applications. The algorithm-I 

and II were used to enrich the A/LT documents by crawling and adding brief descriptions 

of books from the matching records of GoodReads by ISBN using its API
24

. Algorithm-I 

is the main algorithm that loads an XML file from a given directory, accesses the <isbn> 

tag, and then calls Algorithm-II, which first converts the ISBN to a valid GoodReads’ 

book identifier (ID) and then generates a valid URL of the required book. Using the Jsoup 

API
25

, Algorithm-II connects with GoodReads using a developer key and gathers the 

content of the <description> field from the book page specified by the generated URL, for 

which the method is again called from Algorithm-I. Algorithm-I generates a new child 

field <description> in the XML document and populates it with the required description of 

the corresponding book received from GoodReads. 

GoodReads, through its developer keys, gives access to one thousand book records per day 

(each record with a delay of nine seconds, otherwise the connection is blocked), which is 

very time-consuming to update the whole collection. Therefore, we contacted GoodReads 

using the support available at their website but could not receive any such reply. 

Therefore, several MS and Ph.D. students were requested to obtain their own developer 

keys using their credentials including email addresses and use the code to update the XML 

                                                 
24 https://www.goodreads.com/api 
25 https://jsoup.org/ 



131 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

documents. We have updated 0.65m records to use in the SBS experiments. The proposed 

SBS experiments were also conducted on the whole A/LT collection to be able to compare 

our results with those published in the relevant SBS literature. 

Algorithm-I: Update Metadata from GoodReads and OCLC 

Input: A/LT source folder 𝑑𝑠𝑟𝑐 with XML and DTD files 

Output: XML files updated for <dewey> and <description> fields 

1.  String[] 𝑓𝑖𝑙𝑒𝑠 = Array files in 𝑑𝑠𝑟𝑐 

2.  For 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 in 𝑓𝑖𝑙𝑒𝑠 of 𝑑𝑠𝑟𝑐 

3.   If 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 is file and its extension is .xml 
4.     Keep the parsed 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 in Document 𝑑𝑜𝑐 
5.     NodeList 𝑛𝐿 = “book” tags of 𝑑𝑜𝑐 
6.     If 𝑛𝐿 = 𝑛𝑢𝑙𝑙, process next 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 
7.     for 𝑖 = 0 𝑡𝑜 𝑛𝐿. 𝑙𝑒𝑛𝑔𝑡ℎ 

8.      Node 𝑛 = items 𝑖 of 𝑛𝐿 

9.      If 𝑛 is an element node 
10.       Element 𝑒 = 𝑛 as an XML file Element 

11.       Call 𝑢𝑝𝑑𝑎𝑡𝑒𝐷𝑒𝑤𝑒𝑦(𝑒, 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒) 
12.       Call 𝑎𝑑𝑑𝐵𝑜𝑜𝑘𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛(𝑒, 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒, 𝑑𝑜𝑐) 
13.      If any changes are made to DOM 

14.       Write the output stream 𝑤 for 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 in 𝑑𝑠𝑟𝑐 

15.   Else print “Invalid extension!” go to step 2.  

16.  Procedure 𝒖𝒑𝒅𝒂𝒕𝒆𝑫𝒆𝒘𝒆𝒚(𝒆, 𝒆𝒂𝒄𝒉𝑭𝒊𝒍𝒆) 
17.   NodeList 𝑛𝐷𝐿 = <dewey> node of 𝑑𝑜𝑐 
18.   If 𝑛𝐷𝐿 ! = 𝑛𝑢𝑙𝑙 and 𝑛𝐷𝐿. 𝑙𝑒𝑛𝑔𝑡ℎ > 0 
19.    String 𝑑𝑑𝑐 = content of <dewey> 
20.    String 𝑑𝑑𝑐2 = Call 𝐶𝑜𝑛𝑣𝑒𝑟𝑡𝑇𝑜𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛(𝑑𝑑𝑐, 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒) of 𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 𝐼𝐼𝐼 
21.    If ddc2 != null 

22.     Update <dewey> in 𝑛𝐷𝐿 with 𝑑𝑑𝑐2 
23.  Procedure 𝒂𝒅𝒅𝑩𝒐𝒐𝒌𝑫𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏(𝒆, 𝒆𝒂𝒄𝒉𝑭𝒊𝒍𝒆, 𝒅𝒐𝒄) 

24.   NodeList 𝑛𝐷𝑒𝐿 = <description> nodes 

25.   String 𝑖𝑠𝑏𝑛 = content of <isbn> field 
26.   String 𝑖𝑑𝐵𝑜𝑜𝑘−𝐺𝑅 = Call 𝑖𝑠𝑏𝑛𝑇𝑜𝐼𝐷(𝑖𝑠𝑏𝑛, 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒) of 𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 𝐼𝐼 
27.   If 𝑖𝑑𝐵𝑜𝑜𝑘−𝐺𝑅 = 𝑛𝑢𝑙𝑙, return //not found 
28.   If 𝑖𝑑𝐵𝑜𝑜𝑘−𝐺𝑅 holds no 𝑒𝑟𝑟𝑜𝑟 message 

29.    String 𝑑𝑏𝑜𝑜𝑘 = Call 𝑔𝑒𝑡𝐵𝑜𝑜𝑘𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛(𝑖𝑠𝑏𝑛, 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒) of 𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 𝐼𝐼 
30.    If 𝑑𝑏𝑜𝑜𝑘 = 𝑛𝑢𝑙𝑙 
31.     𝑎𝑑𝑑𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛(𝑑𝑜𝑐, 𝑒, 𝑑𝑏𝑜𝑜𝑘)//Add <description/> 
32.    If 𝑑𝑏𝑜𝑜𝑘 holds no 𝑒𝑟𝑟𝑜𝑟 message 

33.     Call 𝑎𝑑𝑑𝐷𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛(𝑑𝑜𝑐, 𝑒, 𝑑𝑏𝑜𝑜𝑘)//Add 𝑑𝑏𝑜𝑜𝑘 to <description> 

34.    Else 

35.     Rename 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 to 𝑒𝑟𝑟𝑜𝑟 − 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 
36.   Else 

37.    Rename 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 to 𝑒𝑟𝑟𝑜𝑟 − 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 
38.  Procedure 𝒂𝒅𝒅𝑫𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏(𝒅𝒐𝒄, 𝒆, 𝒅𝒃𝒐𝒐𝒌) 
39.   Create DOM element <description> for 𝑑𝑜𝑐 
40.   Add 𝑑𝑏𝑜𝑜𝑘 to <description> in 𝑑𝑜𝑐 
41.   Append <description> to the <book> 
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Algorithm-II: Update Description from GoodReads 

Input: ISBN 𝑖𝑠𝑏𝑛 specified by Algorithm I 
Output: Description of the book from the specified web page 

1.  String 𝑢𝑟𝑙𝑖𝑠𝑏𝑛𝑇𝑜𝐼𝑑 = “ℎ𝑡𝑡𝑝𝑠://𝑤𝑤𝑤. 𝑔𝑜𝑜𝑑𝑟𝑒𝑎𝑑𝑠. 𝑐𝑜𝑚/𝑏𝑜𝑜𝑘/𝑖𝑠𝑏𝑛_𝑡𝑜_𝑖𝑑? 𝑘𝑒𝑦 = ” 

2.  String 𝑢𝑟𝑙𝑏𝑜𝑜𝑘𝐷𝑒𝑡𝑎𝑖𝑙𝑠 = "ℎ𝑡𝑡𝑝𝑠://𝑤𝑤𝑤. 𝑔𝑜𝑜𝑑𝑟𝑒𝑎𝑑𝑠. 𝑐𝑜𝑚/𝑏𝑜𝑜𝑘/𝑠ℎ𝑜𝑤/" 

3.  String 𝑘𝑒𝑦 = GoodReads API developer key 

4.  Procedure 𝒊𝒔𝒃𝒏𝑻𝒐𝑰𝒅(𝒊𝒔𝒃𝒏, 𝒇𝒊𝒍𝒆𝑷𝒂𝒕𝒉) 

5.   String 𝑢𝑟𝑙𝑅𝑒𝑞𝑢𝑒𝑠𝑡 = 𝑢𝑟𝑙𝑖𝑠𝑏𝑛𝑇𝑜𝐼𝑑 + 𝑘𝑒𝑦 + “&isbn=” + 𝑖𝑠𝑏𝑛 

6.   Create HttpClient 𝑐𝑙𝑖𝑒𝑛𝑡 as DefaultHttpClient 

7.   Create HttpGet 𝑔𝑒𝑡𝑅𝑒𝑞𝑢𝑒𝑠𝑡 for the 𝑢𝑟𝑙𝑅𝑒𝑞𝑢𝑒𝑠𝑡 using HttpGet method 

8.   Create HttpResponse 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 by executing the 𝑔𝑒𝑡𝑅𝑒𝑞𝑢𝑒𝑠𝑡 using 𝑐𝑙𝑖𝑒𝑛𝑡 

9.   If 200 ≤ 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒. 𝑠𝑡𝑎𝑡𝑢𝑠𝐶𝑜𝑑𝑒 < 300 //check if the status code is “OK” 

10.    BufferedReader 𝑟𝑒𝑎𝑑𝑒𝑟 = the HTTP 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 data 

11.    StringBuffer 𝑟𝑒𝑠𝑢𝑙𝑡 = the 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 body text 

12.    While the current 𝑙𝑖𝑛𝑒 in the 𝑟𝑒𝑎𝑑𝑒𝑟 is not 𝑛𝑢𝑙𝑙 

13.     Append 𝑙𝑖𝑛𝑒 to 𝑟𝑒𝑠𝑢𝑙𝑡 //𝑟𝑒𝑠𝑢𝑙𝑡. 𝑎𝑝𝑝𝑒𝑛𝑑(𝑙𝑖𝑛𝑒) 

14.    return 𝑟𝑒𝑠𝑢𝑙𝑡 as String // book-ID for this ISBN 

15.   Else // status code is not OK  

16.    Print “Error fetching” the + 𝑢𝑟𝑙𝑅𝑒𝑞𝑢𝑒𝑠𝑡 

17.    If 400 ≤ 𝑠𝑡𝑎𝑡𝑢𝑠𝐶𝑜𝑑𝑒 < 500 then return “” // No book-ID exists 

18.    Return 𝑒𝑟𝑟𝑜𝑟 message 

19.  Procedure 𝒈𝒆𝒕𝑩𝒐𝒐𝒌𝑫𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏(𝒃𝒐𝒐𝒌𝑰𝒅, 𝒇𝒊𝒍𝒆𝑷𝒂𝒕𝒉) 

20.   String 𝑢𝑟𝑙𝐵𝑜𝑜𝑘 = 𝑢𝑟𝑙𝑏𝑜𝑜𝑘𝐷𝑒𝑡𝑎𝑖𝑙𝑠 + 𝑏𝑜𝑜𝑘𝐼𝑑 

21.   Get HTML response 𝑗𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 via Jsoup using 𝑢𝑟𝑙𝐵𝑜𝑜𝑘 

22.   If 200 ≤ 𝑗𝑅𝑒𝑠𝑝𝑜𝑛𝑠𝑒 . 𝑠𝑡𝑎𝑡𝑢𝑠𝐶𝑜𝑑𝑒 < 300 

23.    Document 𝑑𝑜𝑐 = the parsed [book’s] webpage in Jsoup 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 

24.    Element 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑇𝑎𝑔 = HTML tag with id: “description” 

25.    If 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑇𝑎𝑔 == 𝑛𝑢𝑙𝑙 

26.     𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑇𝑎𝑔 = HTML tag with class: “bookDescription” 
//sometimes the DOM has a div tag with class “bookDescription” 

27.    If 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑇𝑎𝑔 is 𝑛𝑢𝑙𝑙, return “” // No description tag 

28.    Element 𝑠𝑝𝑎𝑛𝑇𝑎𝑔𝑠 = the “span” elements of 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑇𝑎𝑔 

29.    If 𝑠𝑝𝑎𝑛𝑇𝑎𝑔𝑠 == 𝑛𝑢𝑙𝑙 

30.     Print “Description tag: “ + 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑇𝑎𝑔 

31.     return “” 

32.    Element 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑆𝑝𝑎𝑛𝑇𝑎𝑔 = 𝑠𝑝𝑎𝑛𝑇𝑎𝑔𝑠. 𝑙𝑎𝑠𝑡() 

33.    If 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑆𝑝𝑎𝑛𝑇𝑎𝑔 == 𝑛𝑢𝑙𝑙 

34.     Print “Description tag:” + 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑇𝑎𝑔 

35.     return “” 

36.    String 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛 = the text in the 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛𝑆𝑝𝑎𝑛𝑇𝑎𝑔 

37.    If 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛 == “” 

38.     Print “No description for” 𝑏𝑜𝑜𝑘𝐼𝑑 

39.    return 𝑑𝑒𝑠𝑐𝑟𝑖𝑝𝑡𝑖𝑜𝑛 

40.   Else 

41.    Print “Error fetching” + 𝑢𝑟𝑙𝐵𝑜𝑜𝑘 

42.    Return 𝑒𝑟𝑟𝑜𝑟 message 

About 61% of A/LT documents have Dewey Decimal Classification (DDC) code in their 

<dewey> field [142], which is in numerical format and of no use in indexing and matching 

documents against the textual search queries. Therefore, <dewey> was updated by 
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replacing DDC codes with their textual descriptions from OCLC website
26

. This updating 

process was conducted by other researchers as well [11-13] but their details are 

unavailable. Therefore, Algorithm-III was developed to crawl textual descriptions from 

the OCLC’s DDC webpage using Jsoup API and update <dewey> in each XML file 

(called by Algorithm-I). It discards the number after the decimal point (“.”) and parses the 

web page to get the required description because OCLC lacks details about further 

divisions. For example, in 516.37, it brings textual description for 516 and ignores .37. 

Algorithm-III: Update <dewey> by Description from OCLC 

Input: DDC code specified by 𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 𝐼 
Output: Textual description of DDC code from OCLC 

1.  String 𝑑𝐿 = Array of DDC code strings 

2.  String 𝑑𝑠𝑜𝑢𝑟𝑐𝑒 = “ℎ𝑡𝑡𝑝𝑠://𝑤𝑤𝑤. 𝑜𝑐𝑙𝑐. 𝑜𝑟𝑔/𝑒𝑛/𝑑𝑒𝑤𝑒𝑦/𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒𝑠/𝑠𝑢𝑚𝑚𝑎𝑟𝑖𝑒𝑠. ℎ𝑡𝑚𝑙#𝑑𝑒𝑣" 
3.  Document 𝑑𝑜𝑐 = The parsed 𝑑𝑠𝑜𝑢𝑟𝑐𝑒 via Jsoup  

4.  Element 𝑡𝑎𝑏𝑙𝑒𝑠 = HTML tag “table” 
5.  For 𝑒𝑎𝑐ℎ𝑇𝑎𝑏𝑙𝑒 in 𝑡𝑎𝑏𝑙𝑒𝑠 
6.   If “class” attribute of 𝑒𝑎𝑐ℎ𝑇𝑎𝑏𝑙𝑒 is an empty string 
7.    Get text from <td> element of 𝑒𝑎𝑐ℎ𝑇𝑎𝑏𝑙𝑒 
8.    String 𝑑𝑎𝑡𝑎 = Call 𝑓𝑜𝑟𝑚𝑎𝑡(𝑡𝑒𝑥𝑡) //𝑡𝑒𝑥𝑡 in <td> 
9.    Split 𝑑𝑎𝑡𝑎 by “\n” to get 𝑖𝑡𝑒𝑚𝑠 and Call 𝑎𝑑𝑑𝐼𝑡𝑒𝑚𝑠(𝑑𝐿 , 𝑖𝑡𝑒𝑚𝑠) 
10.  Procedure 𝑪𝒐𝒏𝒗𝒆𝒓𝒕𝑫𝑫𝑪𝒕𝒐𝑫𝒆𝒔𝒄𝒓𝒊𝒑𝒕𝒊𝒐𝒏(𝒅𝒅𝒄, 𝒆𝒂𝒄𝒉𝑭𝒊𝒍𝒆)//Call by Algorithm-I 
11.   If 𝑑𝑑𝑐 contains “.” 
12.    Find the index of “.” in 𝑑𝑑𝑐 
13.    return substring from index of 0 to that of “.” 
14.   For 𝑖=0 to 𝑑𝐿 . 𝑠𝑖𝑧𝑒() 
15.    String 𝑏𝑜𝑜𝑘𝐼𝑛𝑓𝑜[𝑖] = Trimmed DDC strings in 𝑑𝐿 split by “” //store 

DDC numbers in bookInfo array 
16.    If 𝑑𝑒𝑤𝑒𝑦𝑁𝑜 ==  𝑏𝑜𝑜𝑘𝐼𝑛𝑓𝑜[𝑖] 
17.     𝑟𝑒𝑠𝑢𝑙𝑡 = Trimmed 𝑏𝑜𝑜𝑘𝐼𝑛𝑓𝑜[0] by Call 𝑓𝑜𝑟𝑚𝑎𝑡(𝑏𝑜𝑜𝑘𝐼𝑛𝑓𝑜) 
18.   If 𝑟𝑒𝑠𝑢𝑙𝑡 holds an empty string 

19.    return “”  

20.   Else 

21.    return 𝑟𝑒𝑠𝑢𝑙𝑡  
22.  Procedure 𝒂𝒅𝒅𝑰𝒕𝒆𝒎𝒔(𝒅𝑳, 𝒊𝒕𝒆𝒎𝒔) 
23.   For 𝑖=0 to 𝑖𝑡𝑒𝑚𝑠. 𝑙𝑒𝑛𝑔𝑡ℎ 

24.    Add 𝑖𝑡𝑒𝑚𝑠[𝑖] to 𝑑𝐿 

25.  Procedure 𝒇𝒐𝒓𝒎𝒂𝒕(𝒃𝒐𝒐𝒌𝑰𝒏𝒇𝒐) 
26.   String 𝑜𝑢𝑡𝑝𝑢𝑡 =  “” 
27.   For 𝑐𝑜𝑢𝑛𝑡=0 t0 the length of 𝑏𝑜𝑜𝑘𝑁𝑎𝑚𝑒 
28.    𝑜𝑢𝑡𝑝𝑢𝑡 += trimmed 𝑏𝑜𝑜𝑘𝑁𝑎𝑚𝑒[𝑐𝑜𝑢𝑛𝑡] string + " " 

29.   return output 
30.  Procedure 𝒇𝒐𝒓𝒎𝒂𝒕(𝒕𝒆𝒙𝒕) 

31.   Replace < 𝑏𝑟 />, < 𝑏𝑟 > with < ”\𝑛” > and < 𝑡𝑑 >, </𝑡𝑑 > with “” in 𝑡𝑒𝑥𝑡 

32.   return 𝑡𝑒𝑥𝑡 //return the processed 𝑡𝑒𝑥𝑡 

                                                 
26 https://www.oclc.org/en/dewey/resources/summaries.html#hun 
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5.2.2 Indexing 

By following [11-13], the selected nineteen metadata fields were indexed in generating 

five indexes: The FT-index by indexing content fields (<firstwords>, <blurber>, 

<lastwords>, <quotation> and <epigraph>) and <description> from GoodReads. The PM-

index, by indexing professional metadata (<title>, <series>, <editorial>, <creator>, 

<character>, <publisher>, <place>, <award>) and controlled metadata (<subject>, 

<browsenode>, and <dewey>). The SM-index by indexing <tags> and <reviews> as the 

social metadata. The tags set approach [17] was adopted by counting each tag only once, 

as the tag frequency is exploited in re-ranking the baseline search results using Equation 

5.6. Only the user reviews were considered because the <editorial> is already part of the 

PM-index. The AM-index by indexing all the professional metadata (<title>, <series>, 

<editorial>, <creator>, <character>, <publisher>, <place>, <award>), controlled metadata 

(<subject>, <browsenode>, and <dewey>) and social metadata (<tags> and <reviews>). 

The FT-plus-index combines FT-index with AM-index.  

Although librarians and catalogers record the book title as the professional metadata, the 

authors, keeping two things in mind, carefully produce it. First, it should represent the 

book content. Second, it should be meaningful to the readers to attract them and to assist 

them in making quicker and intelligent book selection decisions. In the first case, it not 

only acts as the professional metadata when picked by the LIS professionals but also is a 

good representative of the book content and therefore, was made part of the FT-index. In 

the second, the book title is among the driving forces to attract readers, which resides in 

their minds when they discuss books and topics of mutual interests as ISBN is rarely 

remembered and referenced in the discussion forums. The same is evident from the 

findings of the Interactive SBS research (Chapter 3), where several studies found <title> 



135 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

among the widely used metadata fields. Therefore, it can be exploited as a social indicator 

of describing books and should be made part of the SM-index. Also, according to [18], 

only 2.3m books received at least one tag and 1.9m come with at least one review. 

Therefore, a book having no tag or review will lead to a null representation in the SM-

index, which is not desirable from the point of view of a fair comparison among the 

indexes as well as the baseline runs. Adding the book title to the SM-index resolves this 

issue up to some extent and adds another dimension to the novelty of the proposed SBS 

experiments, where it is exploited as a representative of the book in the FT-index and as a 

social indicator and referrer to the book in the SM-index. 

Before indexing the A/LT collection for a specific type of index, we keep <isbn> and the 

required fields only and remove all the remaining fields from each XML document. The 

aim is to keep the processing overhead minimum during indexing by reducing the size of 

each file. This is done using Algorithm-IV, which reads each XML file one by one from 

the A/LT collection in source directory holding XML and DTD documents in eleven 

hundreds and one subdirectories, removes all the specified fields and writes the changes 

back to newly created XML files in the destination directory having directory structure 

similar to the source directory. In addition, Algorithm-IV brings the content of all the 

processed XML files of a destination subdirectory to a single TREC (Text REtrieval 

Conference) file, resulting into 1101 TREC files in the main destination directory, which 

were indexed for the SBS experiments in this thesis. For example, for SM-index, the only 

required fields are <isbn> for document identification, <title>, <tags> and <reviews> and 

therefore, the remaining ones were removed.  
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Algorithm-IV: Keep the Required Fields Only 

Input: A/LT source directory 𝑑𝑠𝑟𝑐 with XML and DTD 𝑓𝑖𝑙𝑒𝑠 

Output: Destination directory 𝑑𝑑𝑒𝑠𝑡 with TREC and XML files having required 

fields only 

1.  Static String[] 𝑡𝑟𝑚𝑣 = null // candidates tags to remove 

2.  Create a temporary .xml file 𝑡𝑚𝑝 in 𝑑𝑑𝑒𝑠𝑡 

3.  If 𝑑𝑠𝑟𝑐 is a file // e.g., XML, DTD  

4.   Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐹𝑖𝑙𝑒(𝑑𝑠𝑟𝑐 , 𝑑𝑑𝑒𝑠𝑡 , 𝑡𝑚𝑝) 

5.  Else //if dsrc is folder or directory 

6.   Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐷𝑖𝑟𝑒𝑐𝑡𝑜𝑟𝑦(𝑑𝑠𝑟𝑐 , 𝑑𝑑𝑒𝑠𝑡 , 𝑡𝑚𝑝) //check for subfolders/files 

7.  Delete 𝑡𝑚𝑝 on completion //𝑑𝑒𝑙𝑒𝑡𝑒𝑂𝑛𝐸𝑥𝑖𝑡() 

8.  Procedure 𝒑𝒓𝒐𝒄𝒆𝒔𝒔𝑫𝒊𝒓𝒆𝒄𝒕𝒐𝒓𝒚(𝒅𝒔𝒓𝒄, 𝒅𝒅𝒆𝒔𝒕, 𝒕𝒎𝒑) 

9.   String[] 𝑓𝑖𝑙𝑒𝑠 = Array of files in 𝑑𝑠𝑟𝑐 

10.   For 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 in 𝑓𝑖𝑙𝑒𝑠 

11.    If 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 is a file // 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 is not a folder 

12.     Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐹𝑖𝑙𝑒(𝑑𝑠𝑟𝑐 , 𝑑𝑑𝑒𝑠𝑡 , 𝑡𝑚𝑝) //process XML/DTD file 

13.    Else //𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 is a folder 
14.     Create new 𝑑𝑑𝑒𝑠𝑡 with the name of 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒  

15.     Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐷𝑖𝑟𝑒𝑐𝑡𝑜𝑟𝑦(𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒, 𝑑𝑑𝑒𝑠𝑡 , 𝑓𝑡𝑒𝑚𝑝) //eachFile is dsrc 

16.     𝑑𝑑𝑒𝑠𝑡 = Path to parent folder of 𝑑𝑑𝑒𝑠𝑡 

17.  Procedure 𝒑𝒓𝒐𝒄𝒆𝒔𝒔𝑭𝒊𝒍𝒆(𝒅𝒔𝒓𝒄, 𝒅𝒅𝒆𝒔𝒕, 𝒕𝒎𝒑) //dsrc is now XML/DTD file 

18.   If file extension is .xml 

19.    Keep the parsed 𝑑𝑠𝑟𝑐 in Document 𝑑𝑜𝑐   

20.    If 𝑡𝑟𝑚𝑣 == 𝑛𝑢𝑙𝑙 

21.     Keep the candidate tags to remove in 𝑡𝑟𝑚𝑣 

22.     For 𝑖=0 to 𝑡𝑟𝑚𝑣. 𝑙𝑒𝑛𝑔𝑡ℎ 

23.      Call 𝑟𝑒𝑚𝑜𝑣𝑒𝑇𝑎𝑔𝑠 (𝑑𝑜𝑐, 𝐸𝐿𝐸𝑀𝐸𝑁𝑇𝑁𝑂𝐷𝐸 , 𝑡𝑟𝑚𝑣[𝑖]) 

24.     Call 𝑟𝑒𝑚𝑜𝑣𝑒𝑇𝑎𝑔𝑠 (𝑑𝑜𝑐, 𝐶𝑂𝑀𝑀𝐸𝑁𝑇𝑁𝑂𝐷𝐸 , 𝑛𝑢𝑙𝑙) 

25.    Write the processed 𝑑𝑠𝑟𝑐 stream to current 𝑑𝑑𝑒𝑠𝑡 folder 

26.    Call 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑇𝑅𝐸𝐶 (𝑑𝑠𝑟𝑐 , 𝑡𝑚𝑝)//produce or update TREC file in ddest 

27.   Else return and print “Invalid extension, not an XML file” 

28.  Procedure 𝒓𝒆𝒎𝒐𝒗𝒆𝑻𝒂𝒈𝒔 (𝒏𝒐𝒅𝒆, 𝒏𝒐𝒅𝒆𝑻𝒚𝒑𝒆, 𝒕𝒂𝒈) 

29.   If 𝑡𝑎𝑔 has no children or has 𝑛𝑜𝑑𝑒𝑇𝑦𝑝𝑒 as 𝐶𝑂𝑀𝑀𝐸𝑁𝑇𝑁𝑂𝐷𝐸 or 𝐸𝐿𝐸𝑀𝐸𝑁𝑇𝑁𝑂𝐷𝐸 

30.    delete it 

31.   Else //check the children recursively 

32.    NodeList 𝑛𝐿 = the child nodes 𝑖𝑡𝑒𝑚𝑠 of the current 𝑛𝑜𝑑𝑒 

33.    For 𝑖 = 0 to 𝑙𝑖𝑠𝑡. 𝑙𝑒𝑛𝑔𝑡ℎ 

34.     Call 𝑟𝑒𝑚𝑜𝑣𝑒𝑇𝑎𝑔𝑠 (𝑙𝑖𝑠𝑡. 𝑖𝑡𝑒𝑚𝑠(𝑖), 𝑛𝑜𝑑𝑒𝑇𝑦𝑝𝑒, 𝑡𝑎𝑔) 

35.  Procedure 𝒑𝒓𝒐𝒅𝒖𝒄𝒆𝑻𝑹𝑬𝑪 (𝒅𝒔𝒓𝒄, 𝒕𝒎𝒑) 

36.   Keep the processed 𝑑𝑠𝑟𝑐 file in input stream 𝑟𝑒𝑎𝑑𝑒𝑟 

37.   Keep 𝑡𝑚𝑝 in output stream 𝑤𝑟𝑖𝑡𝑒𝑟 

38.   Create TREC file 𝑓𝑇𝑅𝐸𝐶 with name of current 𝑑𝑑𝑒𝑠𝑡 folder 

39.   Create an output stream w𝑟𝑖𝑡𝑒𝑟 for 𝑓𝑇𝑅𝐸𝐶 

40.   Boolean 𝑤𝑟𝑖𝑡𝑖𝑛𝑔 = 𝑓𝑎𝑙𝑠𝑒 

41.   While 𝑟𝑒𝑎𝑑𝑒𝑟. 𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝐿𝑖𝑛𝑒 != 𝑛𝑢𝑙𝑙 

42.    String 𝑡𝑟𝑖𝑚𝑚𝑒𝑑𝐿𝑖𝑛𝑒 = Trimmed 𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝐿𝑖𝑛𝑒 

43.    If (𝑡𝑟𝑖𝑚𝑚𝑒𝑑𝐿𝑖𝑛𝑒 == ""), continue //skip and move to next line 

44.     Write 𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝐿𝑖𝑛𝑒 and start a new line in 𝑤𝑟𝑖𝑡𝑒𝑟 

45.    If 𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝐿𝑖𝑛𝑒 contains “<book>” 

46.     Write “<book>” and start a new line in 𝑤𝑟𝑖𝑡𝑒𝑟 

47.     𝑤𝑟𝑖𝑡𝑖𝑛𝑔 = 𝑡𝑟𝑢𝑒 

48.    Else-If 𝑡𝑟𝑖𝑚𝑚𝑒𝑑𝐿𝑖𝑛𝑒 holds “</book>” 



137 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

49.     Write “</book>” and start a new line in 𝑤𝑟𝑖𝑡𝑒𝑟 

50.     𝑤𝑟𝑖𝑡𝑖𝑛𝑔 = 𝑓𝑎𝑙𝑠𝑒 

51.    Else 

52.     If 𝑤𝑟𝑖𝑡𝑖𝑛𝑔 = 𝑡𝑟𝑢𝑒 

53.      Write the 𝑐𝑢𝑟𝑟𝑒𝑛𝑡𝐿𝑖𝑛𝑒 and start a new line in 𝑤𝑟𝑖𝑡𝑒𝑟 

54.   Rename 𝑡𝑚𝑝 to that of 𝑑𝑑𝑒𝑠𝑡 

In a similar way, the tag-removal process was applied to all the topics sets available on 

INEX/CLEF websites so that the processing overhead due to the huge size of the topics set 

file could be mitigated. For example, the 2014 topics set XML file is 68.6 MBs (71.9 MBs 

on disk) but after removing the unnecessary fields, it reduced to 470 KBs (472 KBs on 

disk). For SBS experiments, each topics set file is converted to TREC format. A sample 

topic from 2014 topics set, before and after processing, is shown in Figure 5.2 and 5.3, 

respectively. For the pre-processing of the selected topics sets, Algorithm-IV was 

modified with few changes. These include manually specifying and processing one topics 

set file at a time in Eclipse IDE before running the source code. 

 

Figure 5.2: A Sample Portion from the 2014 Topics Set Before Pre-processing 
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Figure 5.3: A Sample Portion from the 2014 Topics Set After Pre-processing 

5.2.3 Searching and Ranking 

For the SBS experiments, this thesis used the Terrier IR platform [23-26], which is a 

complete IR setup for performing the retrieval experiments on TREC test collections, 

although it can be used for indexing any type of documents. Its binary version was used, 

which comes with a command-line interface holding support for a rich set of commands 

ranging from indexing to searching, ranking and evaluation. It supports batch indexing, 

retrieval and evaluation so that the given index can be searched, ranked and evaluated 

against a given set of topics and relevance judgments. Currently, at the time of this thesis, 

the latest version is 5.1. To use Terrier, the terrier and TERRIER_HOME should be 

added to the classpath and environment variables list. The classpath for the terrier 

should be C:\terrier-project-5.1\bin\ and for TERRIER_HOME as 

C:\terrier-project05.1\ if the drive letter holding Terrier is C:\ on Microsoft 

Windows.  

As discussed, updating the whole A/LT collection from GoodReads is not feasible and so 

far, only 0.65m documents have been updated. It is, therefore, necessary to divide the 

baseline retrieval experiments into two phases. In the first phase, the TREC collections for 
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the required five types of indexes were produced to hold all the 2.8m book records but 

with no updating for <dewey> and <description>. This enabled us to compare our baseline 

and re-ranking runs with the available runs published in the relevant literature to see if the 

proposed SBS experiments bring any improvement to the relevance of search results. In 

the second phase, the SBS experiments were performed on the updated subset of the A/LT 

collection. The results of both of these phases are discussed in Chapter 6 with a detailed 

discussion and analysis. 

To generate an index, Terrier must be told about the location of the collection. To do this, 

the trec_setup.bat (trec_setup.sh for UNIX and Linux environments) script is 

used. It lies inside the C:\terrier-project\bin\ folder and can be run as 

C:\terrier-project-5.1\bin>trec_setup.bat path\to\collection. 

The command generates collection.spec file in C:\terrier-project-

5.1\etc\ folder holding the paths to the TREC collection to index by the Indexer. The 

file can be edited to add/remove any TREC file using any text editor. We used Notepad++ 

v7.6.6
27

, which comes with a rich set of functionalities and can be used for several text-

related activities required during the experiments. The command also generates 

terrier.properties file, which needs editing and configuration to perform the 

indexing, searching and ranking in the required manner. The following paragraphs discuss 

some of the notable properties (configuration) for the baseline experiments using FT-index 

defined in the terrier.properties file. 

By default, Terrier keeps its index and retrieval results in the var folder under the main 

terrier directory. However, these can be changed using terrier.index.path and 

terrier.share properties. For example, terrier.index.path=C:/terrier-

                                                 
27 https://notepad-plus-plus.org 
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project-5.1/var/ft-index/ tells Terrier that the index should be stored inside 

the ft-index folder located in the var folder. Next is the querying.processes 

property, which sets the control for querying manager, i.e., to specify different 

configurations about searching. However, we used the default configuration. The 

querying.default.controls=wmodel:BM25F tells Terrier to use BM25F as the 

weighting model. Note that in this line, which contains several other properties, we 

changed only the wmodel and kept the remaining unchanged (default). For example, for 

using TF-IDF or BM25, BM25F will be replaced by TF_IDF or BM25, respectively. 

However, to use BM25F, Terrier must be told specifically to store field-specific details 

during indexing using FieldTags.process property (e.g., for FT-index, it looks like: 

FieldTags.process=title, blurbers, epigraphs, firstwords, 

lastwords, quotations), otherwise searching will be unsuccessful. Note that 

Terrier applies weighting model (wmodel) at querying time and not during indexing. If 

not specified, it uses DPH as the default wmodel. Storing the field-specific frequencies 

during indexing allows performing both fielded (BM25F) and non-fielded (BM25 and TF-

IDF) retrieval runs. Table 5.2 compares fielded and non-fielded runs on a very small 

subset of A/LT collection for SM-index (FieldTags.process = title, tags, 

reviews) and shows that Terrier stores the field-specific details without affecting the 

term- and document-level frequencies and that is why retrieval using any of these models 

is not affected. This saved us from generating additional indexes for TF-IDF and BM25 to 

use with FT and FT-plus indexes. 

Table 5.2 shows that the index statistics for the three types of indexes are the same. The 

storage details vary only for fielded-index (data.inverted.bf and 

data.lexicon.fsomapfile – the rest are the same for all the three types), which is 
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due to the storage of field-related details. The results for BM25 and TF_IDF also remain 

the same in three cases but BM25F takes longer than other runs. Therefore, the index 

should have the field-specific details so that the fielded and non-fielded runs are 

performed using the same index. Another important aspect is the increase in nDCG@10 

and MAP when non-fielded runs are performed. Here, it can be noted that the social 

metadata gives best results when indexed in non-fielded fashion. In other words, tags and 

reviews should be treated the same way. That is why, Section 5.1 proposes applying 

BM25F on the runs involving book structure semantics to store field-related frequencies in 

FT and FT-plus indexes. Also, BM25 performs better than TF_IDF and BM25F; however, 

it needs further experiments, presented in this chapter with results in Chapter 6. 

Table 5.2: A Comparison of Retrieval Models in Fielded and Non-fielded Retrieval Runs 

Model Index Statistics Evaluation Results Storage Details 

B
M

2
5

F
 

#documents 289009 nDCG@10 0.0772 data.inverted.bf 100407 

Vocabulary size 705345 MAP 0.0243 data.lexicon.fsomapfile 67504 

#Tokens 120591027 𝐵𝑀25𝑛𝐷𝐶𝐺@10 0.0903 data.meta.idx 2258 

#Pointers 46441869 𝐵𝑀25𝑀𝐴𝑃 0.0312 data.meta.zdata 5913 

 𝑇𝐹_𝐼𝐷𝐹𝑛𝐷𝐶𝐺@10 0.0884 data.properties 4 

𝑇𝐹_𝐼𝐷𝐹𝑀𝐴𝑃 0.0302 data.document.fsarrayfile 8185 

Time spent on searching = Two Hours and Nine minutes (129 minutes) on desktop PC 

 

B
M

2
5

 

#documents 289009 nDCG@10 0.0903 data.inverted.bf 68679 

Vocabulary size 705345 MAP 0.0312 data.lexicon.fsomapfile 59238 

#Tokens 120591027 𝑇𝐹_𝐼𝐷𝐹𝑛𝐷𝐶𝐺@10 0.0884 data.meta.idx 2258 

#Pointers 46441869 𝑇𝐹_𝐼𝐷𝐹𝑀𝐴𝑃 0.0302 data.meta.zdata 5913 

 data.properties 4 

data.document.fsarrayfile 2258 

Time spent on searching  =  Less than Half-An Hour (23 minutes) on desktop PC 

 

T
F

_
ID

F
 

#documents 289009 nDCG@10 0.0884 data.inverted.bf 68679 

Vocabulary size 705345 MAP 0.0302 data.lexicon.fsomapfile 59238 

#Tokens 120591027 𝐵𝑀25𝑛𝐷𝐶𝐺@10 0.0903 data.meta.idx 2258 

#Pointers 46441869 𝐵𝑀25𝑀𝐴𝑃 0.0312 data.meta.zdata 5913 

 data.properties 4 

data.document.fsarrayfile 2258 

Time spent on searching = Less than Half-An Hour (28 minutes) on desktop PC 
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Before applying any tag removal operation by Algorithm-IV, it was necessary to know: 

does it worth to spend time for keeping the required tags only in the TREC collection for a 

specific type of index regarding the time spent on indexing, storage, and retrieval? To 

answer this question, we performed an initial indexing and search experiment with 0.1m 

XML documents from the A\LT collection on 2011 topics set and relevance judgments by 

converting each topic into TREC query file holding topics with a format like the one 

shown in Figure 5.3 with qrels already in TREC format. The SM-index was created in two 

ways. In the first case (SM-Index-BM25F-2011-TGN-0), all the XML tags were kept 

with field-level details of <title>, <tags>, and <reviews>. In the second case (SM-

Index-BM25F-2011-TGN-1), tags removal pre-processing was performed to keep 

only <title>, <tags> and <reviews> and store their field-specific frequencies during 

indexing. The indexes were run against all-topic-fields. Table 5.3 demonstrates that pre-

processing the XML files for SM-index improves results. The storage details and index 

statistics show that the indexer indexes the whole XML file and stores field-level 

frequencies of title, tags and reviews in the first case, which is not desired as it would 

misrepresent the SM-index. 

Table 5.3: The Importance of Removing Unnecessary Tags Before Indexing 

Index Statistics Evaluation Results Storage Details 

SM-Index-BM25F-2011-TGN-0: Original Collection 

#documents 1,07,786 nDCG@10 0.0176 data.inverted.bf 42,922 KB 

Vocabulary Size 4,79,140 MAP 0.0039 data.lexicon.fsomapfile 45,856 KB 

#Tokens 5,67,96,555 MRR 0.1142 data.meta.idx 843 KB 

#Pointers 2,33,07,376 P@20 0.0242 data.meta.zdata 2,205 KB 

Time spent on 

Indexing 

61 minutes R@1000 0.0163 data.properties 4 KB 

  data.document.fsarrayfile 3,053 KB 

SM-Index-BM25F-2011-TGN-1: Pre-processed Collection 

#documents 1,07,786 nDCG@10 0.0226 data.inverted.bf 35,123 KB 

Vocabulary Size 3,95,974 MAP 0.0064 data.lexicon.fsomapfile 37,896 KB 

#Tokens 4,41,02,374 MRR 0.1540 data.meta.idx 843 KB 

#Pointers 1,69,78,699 P@20 0.0268 data.meta.zdata 2,205 KB 

Time spent on 

Indexing 
29 minutes R@1000 0.0155 data.properties 4 KB 

  data.document.fsarrayfile 3,053 KB 
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Indexing the TREC collection by Terrier requires specifying the document tag doctag to 

mark the start and end of a document in the .trec file and idtag, which is a unique 

identifier of the document in the collection. For the book collection, it can be specified as 

TrecDocTags.doctag=book and TrecDocTags.idtag=isbn telling Terrier 

that in each TREC file, a book record is delimited by <book> and identified by <isbn> 

tag, respectively. The TrecDocTags.casesensitive=false tells Terrier that the 

document tags should be treated case insensitive. The query tags could be specified 

through TrecQueryTags.doctags=topic and TrecQueryTags.idtag=id, 

showing that in the topics.trec file, each topic is delimited by <topic> and 

identified by <id> tag, respectively. As each topic has several fields, therefore, the index 

can be searched against any combination of topic fields. For example, 

TrecQueryTags.process = topic, id, title, query and 

TrecQueryTags.skip = group, narrative mean that the index should be 

searched against each topic’s <title> and <query> fields and not against the 

<group> and <narrative> fields, respectively. The termpipelines property tells 

Terrier to apply stemming as well as stop words filtering. The stop words were filtered 

using Terrier’s default stop words list and stemming through the Porter Stemmer 

algorithm by setting termpipelines=Stopwords,PorterStemmer. 

While indexing only a very small subset (0.3m documents) of A/LT collection, direct 

indexing failed (using the terrier batchindexing command). Therefore, single-

pass incremental indexing was adopted with the default configuration, which checks after 

every twenty documents the Java heap size and if reaches 85%, the resulting subset of the 

index is flushed to the hard drive as an individual run. After indexing the whole collection, 

all these runs are merged. However, merging failed due to the limited size of the Java 
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heap, which is 1024MB by default. This is one of the reasons Algorithm-IV was 

developed and run to not only remove the unnecessary fields from XML documents but 

also generate their equivalent TREC files, which significantly reduced the indexing time.  

Indexing 1101 TREC files having 2.8m books failed on desktop PC having 4GB RAM. By 

asking on the Terrier JIRRA forum about the hardware requirements, Dr. Craig 

MacDonald guided us that they perform the indexing experiments on a dedicated server 

with 32GB memory.
28

 They also suggested using single-pass incremental indexing 

through terrier batchindexing –j command. Therefore, virtualization was 

performed on two rack servers (specifications: HP-ProLiant DL385 G7, 2 physical CPUs, 

24 cores x 2.1 GHz, 2 x 64GB RAM, 4 x NICs) with VMware vSphere Hypervisor 

(specifications: VMware ESXi version 5.5.0- Licensed for 2 physical CPUs) to install MS 

Window 8 (specifications: two CPUs holding four cores, 50GB RAM and 150 GB hard 

drive space). The remote server could be accessed through vShpere Client version 5.5.0 

and by establishing a remote desktop connection. The statistics about the generated index 

can be obtained on the command-line using terrier indexstats command. To 

print the inverted index, use terrier indexutil --printbitfile inverted, 

and lexicon using terrier indexutil --printlex lexicon. Figure 5.4 shows 

the statistics of SM-index using 2.8m documents. 

 

Figure 5.4: The Statistics of SM-index holding 2.8m Documents 

                                                 
28 http://terrier.org/issues/projects/TR/issues/TR-563?filter=allissues 



145 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

For running a given topics set against an index and evaluating the resulting retrieval run 

using the relevance judgements (qrels) file, the batretrieve and batchevaluate 

commands are used. For example, terrier batchretrieve -t 

path/to/topics.trec performs batch retrieval using the topics specified in the path 

against the index. For batch evaluation, terrier batchevaluate –q 

path/to/qrels.qrel evaluates all the results (.res) files in the results folder using 

TREC default evaluation metrics. However, if someone is interested in other metrics, then 

trec_eval can be used directly from the command line. Section 5.4 further explains the 

evaluation process and metrics used in evaluating the proposed SBS experiments. 

Among the topics sets, given in Table 4.1, the 2011, 2012 and 2016 topics sets come with 

<title>, <group> and <narrative> fields, which if used in the proposed manner, 

results in 48 baseline retrieval runs, as shown in Table 5.4. In 2013, 2014 and 2015, there 

is an additional mediated <query> field, which if used, each topics set results in 72 

baseline runs, as shown in Table 5.5. Therefore, we picked 2011-12 from the first set and 

2014-15 from the second set. Table A.1 in Appendix-A details all the 240 runs performed 

on the original A/LT collection in terms of all the five selected evaluation metrics.  

Table 5.4: The Possible Baseline Retrieval Runs with 2011-12 and 2016 Topics Sets 

S. No Index Type 

Baseline 

Retrieval 
Topic’s fields 

No. of Runs 
Total No. 

of Runs 

T
F

-I
D

F
 

B
M

2
5

 

B
M

2
5

F
 

T
 

T
G

 

T
N

 

T
G

N
 

1.  Full-text (FT)        12 

48 

2.  Professional Metadata (PM)        08 

3.  Social Metadata (SM)        08 

4.  All Metadata (AM)        08 

5.  FT-plus (FT+AM)        12 
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Table 5.5: The Possible Baseline Retrieval Runs with 2013-14 and 2015 Topics Sets 

S. No Index Type 

Baseline 

Retrieval 
Topic’s fields 

No. of 

Runs 

Total No. 

of Runs 

T
F

-I
D

F
 

B
M

2
5

 

B
M

2
5

F
 

T
 

Q
 

T
Q

 

T
Q

G
 

T
Q

N
 

T
Q

G
N

 

1.  Full-text (FT)          18 

72 

2.  Professional Metadata (PM)          12 

3.  Social Metadata (SM)          12 

4.  All Metadata (AM)          12 

5.  FT-plus (FT+AM)          18 

During the evaluation, an additional problem appeared while moving from 2011 to latter 

topics sets and relevance judgments, where the evaluation scores suddenly dropped to 

0.0000 on all metrics. After asking on SBS Lab mailing list
29

 and carefully inspecting the 

results file (Run-ID.res) files, it was found that 2011 qrels file holds the ISBNs of the 

books, whereas in the qrels files of remaining ones, the ISBNs are replaced by their LT 

ids. To handle this problem, Dr. Marijn Koolen and Dr. Jaap Kamps advised to use the 

ISBN-to-LT_ids mapping file amazon.lt.isbn.thingsID using the Perl script, 

both available at SBS Lab website, which not only maps the ISBNs to LT IDs but also 

removes duplicate books represented by multiple ISBNs. For using the Perl script, the 

ActivePerl 6.28
30

 was used. The amazon.lt.isbn.thingsID was renamed to 

amazon-lt-isbn.txt.  

5.3 The Re-ranking Experiments 

To re-rank the selected baseline runs using social metadata-based features, this work 

experiments only with ratings, tags, reviews, helpful votes and total votes and keeps other 

metadata features including e.g., number of pages, list prices, volume, etc. as the future 

                                                 
29 https://groups.google.com/forum/#!forum/social-book-search 

30 https://www.activestate.com 
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work. For re-ranking, the data must be available in some form for quicker processing and 

updating the baseline retrieval scores in the baseline run’s results (Run_ID.res) file. For 

this purpose, this section presents three algorithms. Algorithm-V reads each XML 

document from the A/LT collection one by one, to gather the details about ratings, tags, 

reviews, and votes, put them into Equation 5.5 and 5.6 to obtain the required 𝑆𝑖 scores 

(𝑆𝑟𝑣𝑤 and 𝑆𝑡𝑎𝑔, respectively) and finally calls Algorithm-VI to write them to the MySQL 

database along with the ISBN of the candidate book. The database has a single table with 

three columns: isbn, reviews-based 𝑆𝑖 score (Equation 5.5) and tags-based 𝑆𝑖 score 

(Equation 5.6).  

Algorithm-VI connects to the MySQL database using Java Database Connectivity (JDBC) 

API and is called twice during the re-ranking process: (i) by Algorithm-V to write 𝑆𝑖 

scores to the database; (ii) by Algorithm-VII to read 𝑆𝑖 scores from the database. The 

Book class is used to get and set the values for 𝑆𝑖 scores. To obtain the final re-ranking 

score, Algorithm-VII reads the given baseline Run_ID.res file for its third (ISBN) and 

fifth (baseline ranking score 𝑆𝑜(𝑏, 𝑞)) column, obtains the tags- and reviews-based 𝑠𝑖 

scores from the database, and combines these three scores by implementing Equation 5.4. 

The new re-ranking score 𝑆𝑟𝑟(𝑏, 𝑞) replaces the old score at the 5
th

 column in the file 

stream and a new copy of this file named Re_Run_ID.res is stored in the same 

directory. The new file is again de-duplicated by running the Perl script and evaluated 

using trec_eval command to obtain their evaluation scores. 
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Algorithm-V: Compute Metadata Multifeatured Re-Ranking 𝑺𝒊 Scores 

Input: A/LT source folder 𝑑𝑠𝑟𝑐 with XML & DTD files and a MySQL database 𝑑𝑏 

Output: An updated 𝑑𝑏 with tags- and reviews-based scores for each book in 𝑑𝑠𝑟𝑐 

1.  Connect 𝑑𝑏 using an instance of 𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 𝑉𝐼 
2.  If the connection to the database fails, return //skip the below code 
3.  If 𝑑𝑠𝑟𝑐 is a file  

4.   Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐹𝑖𝑙𝑒(𝑑𝑠𝑟𝑐 , 𝑑𝑏)  
5.  Else 
6.   Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐷𝑖𝑟𝑒𝑐𝑡𝑜𝑟𝑦(𝑑𝑠𝑟𝑐 , 𝑑𝑏) 
7.  Procedure 𝒑𝒓𝒐𝒄𝒆𝒔𝒔𝑫𝒊𝒓𝒆𝒄𝒕𝒐𝒓𝒚(𝒅𝒔𝒓𝒄, 𝒅𝒃) 
8.   String[] 𝑓𝑖𝑙𝑒𝑠 = Array of paths to files in 𝑑𝑠𝑟𝑐 

9.   For 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 in 𝑓𝑖𝑙𝑒𝑠 
10.    If 𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒 is a file 
11.     Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐹𝑖𝑙𝑒(𝑒𝑎𝑐ℎ𝐹𝑖𝑙𝑒, 𝑑𝑏) 
12.    Else 

13.     Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐷𝑖𝑟𝑒𝑐𝑡𝑜𝑟𝑦(𝑑𝑠𝑟𝑐 , 𝑑𝑏) 
14.  Procedure 𝒑𝒓𝒐𝒄𝒆𝒔𝒔𝑭𝒊𝒍𝒆(𝒅𝒔𝒓𝒄, 𝒅𝒃) 
15.   If file extension is .xml 

16.    Keep the parsed file 𝑑𝑠𝑟𝑐 in Document 𝑑𝑜𝑐 
17.    NodeList 𝑛𝐿 = “book” tags of 𝑑𝑜𝑐 
18.    For 𝑖 = 0 to 𝑛𝐿. 𝑙𝑒𝑛𝑔𝑡ℎ 
19.     Node 𝑛𝑜𝑑𝑒 = 𝑖𝑡𝑒𝑚𝑠 of 𝑛𝐿 

20.     If 𝑛𝑜𝑑𝑒 is an element node and is not 𝑛𝑢𝑙𝑙 
21.      Element 𝑒 = 𝑛𝑜𝑑𝑒 as an Element of XML file 
22.      NodeList 𝑟𝐿 = “review” elements of 𝑒 
23.      If 𝑟𝐿 != 𝑛𝑢𝑙𝑙 
24.       For 𝑖 = 0 to 𝑟𝐿. 𝑙𝑒𝑛𝑔𝑡ℎ 
25.        Node 𝑟𝑁 = 𝑖𝑡𝑒𝑚𝑠 in 𝑟𝐿 
26.        If 𝑟𝑁 is an Element Node 
27.         Element 𝑒𝑟𝑣𝑤 = 𝑟𝑁 as Element 
28.         Double 𝑟𝑖 = Call 𝑔𝑒𝑡𝑉𝑎𝑙𝑢𝑒(“𝑟𝑎𝑡𝑖𝑛𝑔”, 𝑒𝑟𝑣𝑤) 
29.         Double 𝑡𝑖 = Call 𝑔𝑒𝑡𝑉𝑎𝑙𝑢𝑒(“𝑡𝑜𝑡𝑎𝑙𝑣𝑜𝑡𝑒𝑠”, 𝑒𝑟𝑣𝑤) 
30.         Double ℎ𝑖 = Call 𝑔𝑒𝑡𝑉𝑎𝑙𝑢𝑒(“ℎ𝑒𝑙𝑝𝑓𝑢𝑙𝑣𝑜𝑡𝑒𝑠”, 𝑒𝑟𝑣𝑤) 

31.         𝑆𝑟𝑣𝑤= Reviews-based score using Equation 5.5 

32.      Double 𝑠𝑢𝑚𝑇𝐹 = 0.0//∑ log(𝑇𝐹𝑡 + 1)𝑡∈𝑇  
33.      NodeList 𝑡𝐿 = “tag” elements of 𝑒 
34.      If 𝑡𝐿 and its 𝑖𝑡𝑒𝑚𝑠 are not 𝑛𝑢𝑙𝑙 
35.       For 𝑡=0 to 𝑡𝐿. 𝑙𝑒𝑛𝑔𝑡ℎ 
36.        Node 𝑛𝑡𝑎𝑔 = 𝑖𝑡𝑒𝑚𝑠 of 𝑡𝐿 
37.        If 𝑛𝑡𝑎𝑔 has attributes  

38.         Integer 𝑇𝐹𝑡= value of the “count” attribute 

39.         𝑠𝑢𝑚𝑇𝐹+=  𝑙𝑜𝑔(𝑇𝐹𝑡 + 1) 
40.       𝑆𝑡𝑎𝑔 = Tags-based score using Equation 5.6 

41.      Else print “No tags found for this book” 

42.      String 𝑖𝑠𝑏𝑛 = Call 𝑔𝑒𝑡𝑉𝑎𝑙𝑢𝑒(“𝑖𝑠𝑏𝑛”, 𝑒) 
43.      Call 𝑠𝑎𝑣𝑒 (𝑖𝑠𝑏𝑛, 𝑆𝑟𝑣𝑤, 𝑆𝑡𝑎𝑔) using Book() constructor 
44.     Else If the node is 𝑛𝑢𝑙𝑙 
45.      Print “the specified field does not exist” 

46.   Else Print “Invalid file extension” 

47.  Procedure 𝒈𝒆𝒕𝑽𝒂𝒍𝒖𝒆(𝒕𝒂𝒈, 𝒆) 
48.   If 𝑖𝑡𝑒𝑚𝑠 in 𝑡𝑎𝑔 of 𝑒 are empty 
49.    return “not found” 

50.   NodeList 𝑛𝐿 = the child nodes of 𝑡𝑎𝑔 with 𝑒 
51.   Node 𝑛𝑜𝑑𝑒 = 𝑖𝑡𝑒𝑚𝑠 in 𝑛𝐿 

52.   If 𝑖𝑡𝑒𝑚 in 𝑛𝑜𝑑𝑒 is not empty 
53.    return the value of that node 

54.   return “”  
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Algorithm-VI: Read/Write Re-Ranking Scores from/to Database 

Input: ISBN, 𝑆𝑟𝑣𝑤 and 𝑆𝑡𝑎𝑔 scores based on reviews and tags, respectively  

Output: Updated MySQL 𝑑𝑏 with 𝑆𝑟𝑣𝑤 and 𝑆𝑡𝑎𝑔 written by 𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 𝑉 and read by 

𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 𝑉𝐼𝐼 
1.  String 𝑑𝑟𝑖𝑣𝑒𝑟𝐽𝐷𝐵𝐶 = “𝑐𝑜𝑚.𝑚𝑦𝑠𝑞𝑙. 𝑐𝑗. 𝑗𝑑𝑏𝑐. 𝐷𝑟𝑖𝑣𝑒𝑟” 
2.  String 𝑑𝑏𝑈𝑅𝐿 = "𝑗𝑑𝑏𝑐:𝑚𝑦𝑠𝑞𝑙://𝑙𝑜𝑐𝑎𝑙ℎ𝑜𝑠𝑡/" + 𝑑𝑏 + "? 𝑠𝑒𝑟𝑣𝑒𝑟𝑇𝑖𝑚𝑒𝑧𝑜𝑛𝑒 = 𝑈𝑇𝐶#" 
3.  Register 𝑑𝑟𝑖𝑣𝑒𝑟𝐽𝐷𝐵𝐶 //register 𝑑𝑏 driver 
4.  Open 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 to 𝑑𝑏 using 𝑑𝑏𝑈𝑅𝐿,𝑢𝑠𝑒𝑟𝑛𝑎𝑚𝑒 and 𝑝𝑎𝑠𝑠𝑤𝑜𝑟𝑑 
5.  Call 𝑐𝑟𝑒𝑎𝑡𝑒𝑇𝑎𝑏𝑙𝑒() 
6.  Close the 𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 
7.  Procedure 𝒄𝒓𝒆𝒂𝒕𝒆𝑻𝒂𝒃𝒍𝒆() 
8.   String 𝑞𝑢𝑒𝑟𝑦 = MySQL query to create 𝑡𝑎𝑏𝑙𝑒 with columns: 𝑖𝑠𝑏𝑛, 𝑆𝑡𝑎𝑔 and 𝑆𝑟𝑣𝑤 

9.   Execute the 𝑞𝑢𝑒𝑟𝑦 
10.  Procedure 𝒔𝒂𝒗𝒆(𝒊𝒔𝒃𝒏, 𝑺𝒓𝒗𝒘, 𝑺𝒕𝒂𝒈) //Call by Algorithm-V 
11.   String 𝑞𝑢𝑒𝑟𝑦 = MySQL query to insert 𝑖𝑠𝑏𝑛, 𝑆𝑡𝑎𝑔𝑠 and 𝑆𝑟𝑒𝑣𝑖𝑒𝑤𝑠 to 𝑑𝑏 
12.   Execute the 𝑞𝑢𝑒𝑟𝑦 
13.  Procedure 𝒈𝒆𝒕𝑩𝒐𝒐𝒌𝑩𝒚𝑰𝑺𝑩𝑵(𝒊𝒔𝒃𝒏) //Call by Algorithm-VII 
14.   String 𝑞𝑢𝑒𝑟𝑦 = MySQL query to read book record from 𝑑𝑏 specified by 𝑖𝑠𝑏𝑛 
15.   ResultSet 𝑟𝑒𝑠𝑢𝑙𝑡 = the result generated by executing 𝑞𝑢𝑒𝑟𝑦  
16.   If first row in 𝑟𝑒𝑠𝑢𝑙𝑡 is not empty //using 𝑟𝑒𝑠𝑢𝑙𝑡. 𝑓𝑖𝑟𝑠𝑡() 
17.    Book 𝑏𝑜𝑜𝑘 = 𝑖𝑠𝑏𝑛, 𝑆𝑡𝑎𝑔 and 𝑆𝑟𝑣𝑤 of the book  

18.   Return 𝑏𝑜𝑜𝑘 

 

Algorithm-VII: Re-rank Baseline Search Results 

Input: MySQL 𝑑𝑏 with 𝑖𝑠𝑏𝑛, 𝑆𝑟𝑣𝑤 and 𝑆𝑡𝑎𝑔 scores and Run-ID.res file 

Output: Re_Run-ID.res file with 𝑆0(𝑏, 𝑞) replaced by 𝑆𝑟𝑟(𝑏, 𝑞) 

1.  String 𝑑𝑟𝑠𝑙𝑡 = Path to Run-ID.res 

2.  Integer 𝑖𝑛𝑑𝐼𝑆𝐵𝑁 = 2 //index of ISBN in each line of Run-ID.res 

3.  Integer 𝑖𝑛𝑑𝑆𝑐𝑜𝑟𝑒 = 4//index of S0(b, q) in each line of Run-ID.res 
4.  Float 𝛼 = 0.95 //used in Equation 5.4 
5.  Call Procedure 𝑟𝑒𝑟𝑎𝑛𝑘𝑆𝑒𝑎𝑟𝑐ℎ𝑅𝑒𝑠𝑢𝑙𝑡𝑠 ( ) 
6.  Print “Run-ID.res file re-ranked successfully”  

7.  Procedure 𝒓𝒆𝒓𝒂𝒏𝒌𝑺𝒆𝒂𝒓𝒄𝒉𝑹𝒆𝒔𝒖𝒍𝒕𝒔 ( ) 
8.   Read 𝑑𝑟𝑠𝑙𝑡 using FileInputStream 𝑠 and UTF-8 encoding 
9.   Create Reranked_Run-ID.res file and PrintWriter 𝑤 for it using 𝑠  
10.   String 𝑙𝑖𝑛𝑒 = "" 
11.   Integer 𝑙𝑖𝑛𝑒𝑐𝑢𝑟𝑟𝑒𝑛𝑡 = 1 

12.   While 𝑙𝑖𝑛𝑒 = 𝑟𝑒𝑎𝑑𝑒𝑟. 𝑟𝑒𝑎𝑑𝐿𝑖𝑛𝑒() != 𝑛𝑢𝑙𝑙 
13.    Call 𝑝𝑟𝑜𝑐𝑒𝑠𝑠𝐿𝑖𝑛𝑒(𝑙𝑖𝑛𝑒, 𝑤) 
14.  Procedure 𝒑𝒓𝒐𝒄𝒆𝒔𝒔𝑳𝒊𝒏𝒆(𝒍𝒊𝒏𝒆,𝒘) 
15.   String[] 𝑡𝑜𝑘𝑒𝑛𝑠 = 𝑙𝑖𝑛𝑒 split by “ ”//array of lines in Run-ID.res stream 

16.   If 𝑡𝑜𝑘𝑒𝑛𝑠. 𝑙𝑒𝑛𝑔𝑡ℎ > 4 
17.    String 𝑖𝑠𝑏𝑛 = 𝑡𝑜𝑘𝑒𝑛𝑠[𝑖𝑛𝑑𝐼𝑆𝐵𝑁] returned by trim() method 
18.    Book 𝑏𝑜𝑜𝑘 = Call 𝑔𝑒𝑡𝐵𝑜𝑜𝑘𝐵𝑦𝐼𝑆𝐵𝑁(𝑖𝑠𝑏𝑛) of 𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 𝑉𝐼 
19.    Float 𝑆𝑟𝑟(𝑏, 𝑞) = 0.0 
20.    If 𝑏𝑜𝑜𝑘 is not 𝑛𝑢𝑙𝑙// ISBN found in 𝑑𝑏 
21.     Read 𝑆0(𝑏, 𝑞) from Run-ID.res file 
22.     𝑆𝑟𝑟(𝑏, 𝑞) = Re-ranking score using Equation 5.4 
23.    String 𝑙𝑖𝑛𝑒𝑛𝑒𝑤 in Re_Run-ID.res file 
24.    𝑙𝑖𝑛𝑒𝑛𝑒𝑤 = all tokens from 𝑑𝑟𝑠𝑙𝑡 but with 𝑆0(𝑏, 𝑞) replaced by 𝑆𝑟𝑟(𝑏, 𝑞) 
25.    Append 𝑙𝑖𝑛𝑒𝑛𝑒𝑤 to Re_Run-ID.res //𝑤. 𝑎𝑝𝑝𝑒𝑛𝑑(𝑙𝑖𝑛𝑒𝑛𝑒𝑤 + "\𝑛") 
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5.4 The Evaluation of Baseline and Re-ranking Runs 

All the baseline and re-ranking runs were evaluated using the TREC_EVAL evaluation 

library
31

 with source code in C language for more than 35 evaluation metrics. Its Java-

based version
32

 was used, which is a wrapper around its C implementation and comes with 

Terrier 5.1. Therefore, while performing the experiments, it was used in evaluating the 

baseline and re-ranking runs from MS Windows command-line interface. By default, the 

trec_eval using terrier batchevaluate –q path/to/the/qrels/file 

gives all the TREC ad-hoc retrieval evaluation scores by producing an evaluation (Run-

ID.eval) file in the results folder. Figure 5.5 presents a screenshot of FT-plus-index-

BM25F-2014_T.eval file, produced for the fielded run by running the <query> field of 

2014 topics set against the FT-plus-index and evaluated using 2014 relevance judgments 

version 2. It gives details about the required MRR, MAP, P@10 but not for nDCG@10 

and R@1000 and therefore unable to meet our requirements. 

To obtain the remaining two metrics, trec_eval can be directly used from the command-

line. For example, if one is interested in MAP, then it can be used directly from the 

C:\terrier-project-5.1\bin\ directory by adding it to the path environment 

variable. Type trec_eval –m map path\to\the\qrels.qrels 

path\to\the\results.res. If one is interested in not producing the evaluation file 

in the results folder and instead display the results of the ad-hoc retrieval on the command-

line interface then official should replace map. Figure 5.6 displays the results of both 

commands. The following subsections give a brief explanation of the five evaluation 

metrics used in the SBS experiments.  

                                                 
31 https://github.com/usnistgov/trec_eval 
32 https://github.com/terrierteam/jtreceval 
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Figure 5.5: The Run_ID.eval File Produced by Terrier’s batchevaluate Command 

5.4.1 nDCG@10 

The huge size of the document collections results in information overload as a large 

number of documents match the search query. In such a results list, finding relevant 

document is a daunting task [167]. As not all documents are equally important, the most 

relevant documents or their relevant components should be ranked higher in ranked results 

list before presenting to the users [167]. This need motivated the development of 

nDCG@10 and related measures, which “credit IR methods for their ability to retrieve 

highly relevant documents [167].” The aim is to replace binary relevance judgment 

(irrelevant or relevant) by graded relevance by extending traditional IR evaluation metrics 

(precision, recall, precision-recall curve) [167]. 
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Figure 5.6: The Official and MAP Metrics when Used Directly with trec_eval Command 

The cumulative gain-based measures are inspired by two facts: (1) highly relevant 

documents are more important than marginally relevant documents, and (2) a document is 

less valuable for the user if it appears at a greater position in the ranked results list as the 

users will less likely examine it [167]. The first point advocates for the cumulated gain by 

document rank, where the relevance score of a document represents the gained value 

measure for its ranked position, which is summed progressively from the first ranked 

position to the last one [167]. This way the document IDs can be replaced by their 

relevance scores by changing ranked document lists to gained value lists [167]. For 

example, if the relevance scores range from zero to five (0: no value; 5: high value), then a 

ranked list of 100 documents would give a vector of 100 components each with value 0, 1, 

2, 3, 4, or 5. The cumulated gain at 𝑖𝑡ℎ ranked position can be computed by summing from 

position 1 to 𝑖 when 𝑖 ranges from 1 to 100 [167]. Mathematically, if the position 𝑖 is 
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represented by 𝐺[𝑖] in the gain vector 𝐺, the cumulated gain, represented by 𝐶𝐺, can be 

defined, recursively using Equation 5.7. 

𝐶𝐺[𝑖] =  {
𝐺[1]                                           𝑖𝑓 𝑖 = 1

𝐶𝐺[𝑖 − 1] + 𝐺[𝑖],                𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
 5.7 

The second point enables to compare IR methods via test queries by their cumulated gain 

based on document rank using a rank-based discount factor, which means that if a 

document appears at a greater ranked position, it gets the smaller share of the document 

score added to the cumulated gain. This leads to another measure referred to as Discounted 

Cumulated Gain (DCG) [167]. To implement this, we need a discounting function that can 

progressively reduce the relevance score of a document if its rank increases but “not too 

steeply” so that a user show persistence in examining the results list. This is obtained by 

dividing the score of the document by the log of its rank [167]. Mathematically, DCG can 

be computed using Equation 5.8. 

𝐷𝐶𝐺[𝑖] =  {

𝐺[1]                                           𝑖𝑓 𝑖 < 𝑏

𝐶𝐺[𝑖 − 1] +
𝐺[𝑖]

𝑏 log 𝑖
               𝑖𝑓 𝑖 ≥ 𝑏

 5.8 

Based on the search query, the number of matched documents varies and therefore, DCG 

is unable to compare the performance of an IR method across multiple queries, therefore, 

the cumulated gain at each position must be normalized across all search queries [215]. 

This is achieved by sorting the search results by relevance score, which gives the 

maximum possible DCG till a given position, known as Ideal DCG (iDCG) [215]. 

Dividing DCG till a given position by its iDCG till that position gives the normalized 

DCG (nDCG). The nDCG@10 is the nDCG value for the first ten search results of a run 

for a given query [215]. 
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5.4.2 Precession, Precision@10, Recall, and Recall@1000 

The search results produced by different IR methods can be ranked (ordered) or unranked 

(unordered) and both have their corresponding evaluation metrics [216]. Precision and 

recall are the most common evaluation metrics used in evaluating unranked search results 

[216]. These metrics count the number of relevant and non-relevant documents in the 

search results list using the contingency matrix, given in Table 5.6 [216]. The matrix helps 

derive formulas for precision and recall. The precision is the ratio of relevant retrieved 

documents to the retrieved documents, as given in Equation 5.9. Using the contingency 

matrix, it can be represented using Equation 5.10 [216]. Recall is the ratio of relevant 

retrieved documents to the total relevant documents, given in Equation 5.11 and Equation 

5.12 using the contingency matrix [216]. 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
|𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠| ∩ |𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠|

|𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠|
 5.9 

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
|𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒|

|𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒| + |𝑓𝑎𝑙𝑠𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒|
 5.10 

𝑅𝑒𝑐𝑎𝑙𝑙 =
|𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠| ∩ |𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠|

|𝑟𝑒𝑙𝑒𝑣𝑎𝑛𝑡 𝑑𝑜𝑐𝑢𝑚𝑒𝑛𝑡𝑠|
 5.11 

𝑅𝑒𝑐𝑎𝑙𝑙 =
|𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒|

|𝑡𝑟𝑢𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒| + |𝑓𝑎𝑙𝑠𝑒 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒|
 5.12 

Precision@10 (P@10) and Recall@1000 (R@1000), on the other hand, are devised for 

evaluating the ranked retrieval or ranked search results. P@10 computes the precision of 

search results only up to ten search results based on the assumption that usually the users 

are interested in the top ten documents in the ranked search results list [216]. Similarly, 

R@1000 considers the recall of top 1000 documents in the search results list [215]. 
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Table 5.6: Contingency Matrix [216]. 

 Relevant Documents Non-relevant Documents 

Documents Retrieved True Positive False Positive 

Documents Not Retrieved False Negative True Negative 

5.4.3 Mean Average Precision (MAP) 

The average precision for a search query is computed by finding the average for each 

relevant document in the ranked search results list [216]. The average precision 𝐴𝑃 is 

given in Equation 5.13, where 𝑃(𝑖) is the precision at position 𝑖 in the list, 𝑟𝑒𝑙(𝑖) = 1 if 

the item at rank 𝑖 is relevant and 0 otherwise, 𝑛 is the number of retrieved documents, and 

𝑁 is the total number of relevant documents. The mean average precision (𝑀𝐴𝑃) is the 

average precision across a set of queries, as given in Equation 5.14, 𝑄 is the total number 

of queries and 𝑞 ∈ 𝑄 33
. 

𝐴𝑃 =
∑ (𝑃(𝑖) × 𝑟𝑒𝑙(𝑖))𝑛

𝑖=1

𝑁
 5.13 

𝑀𝐴𝑃 =  
∑ 𝐴𝑃(𝑞)𝑄

𝑞=1

𝑄
 

5.14 

5.4.4 Mean Reciprocal Rank (MRR) 
34

 

The reciprocal rank of a document against the search query is the multiplicative inverse of 

the rank of the first document, the first place receives a rank of 1, the second place gets 

1/2, the third-place receives 1/3 and so on. The average of the reciprocal ranks of 

documents retrieved against a set of search queries Q, gives its MRR, given in Equation 

5.15, where 𝑟𝑖 is the rank position of first relevant document for the 𝑖𝑡ℎ search query. 

𝑀𝑅𝑅 =
1

𝑄
 ∑

1

𝑟𝑖

|𝑄|

𝑖=1

 
5.15 

                                                 
33 https://en.wikipedia.org/wiki/Evaluation_measures_(information_retrieval)#Mean_average_precision 
34 https://en.wikipedia.org/wiki/Mean_reciprocal_rank 
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5.5 Summary 

This chapter presented the development and evaluation methodology regarding the 

proposed SBS experiments with details about producing a strong classical book retrieval 

baseline and re-ranking it using a multifeatured fusion of the social metadata from the 

A/LT collection. It presented the algorithms regarding updating A/LT collection from 

GoodReads and OCLC as well as tag-removal pre-processing to generate different indexes 

used in the SBS experiments. It also contributed algorithms for re-ranking the baseline 

retrieval runs. It presented different evaluation metrics and used them from the 

TREC_EVAL library that comes with Terrier 5.1. The next chapter details the results of 

the SBS experiments and presents a critical analysis of the findings.  
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Chapter 6 : Results and Discussions 

This is the second and last chapter of Part-II, dedicated to present, discuss and analyze the 

proposed baseline and re-ranking runs and the findings derived from them. Section 6.1 

presents the results of the baseline retrieval runs on the original A/LT collection as well as 

on an updated subset of it. Section 6.2 presents the results of re-ranking the baseline search 

results presented in Section 6.1. Section 6.3 extends the discussion on re-ranking from 

Section 6.2 by including some statistical analysis and significance tests. Section 6.4 

concludes the chapter. 

6.1 The Baseline Retrieval Results 

The results produced in the baseline runs consist of two sets. The first set holds the results 

produced using the original A/LT book corpus with the aim to produce strong classical 

baseline runs having best query-document representation and retrieval model. It was also 

necessary to see if the proposed baselines are doing any better compared to the published 

baseline runs. The second set contains the results of the baseline experiments on an 

updated collection holding 0.65m documents. The first set is discussed in Section 6.1.1 

and the second in Section 6.2.2.  

6.1.1 The Baseline Retrieval on the Original A/LT Collection 

Table 6.1 presents some statistics about indexing the whole A/LT collection holding 2.8m 

(2780299) documents for the baseline retrieval experiments. It can be noted that the FT-

“If you really look closely, most overnight 

successes took a long time.”  

– Steve Jobs 
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plus-index comes with greater vocabulary size, number of tokens and pointers as it 

combines FT, PM and SM indexes. Also, recording field-specific details for the fielded 

runs takes more time than other indexes during the indexing process. The baseline 

retrieval experiments on the whole A/LT collection (after the necessary pre-processing 

using Algorithm-IV only) on 2011-12 and 2014-15 topics sets are presented in Table A.1 

of Appendix-A. This section discusses a subset of Table A.1 holding the baseline retrieval 

runs with the best query-document representation and weighting model.  

Table 6.1:  Indexing Details for Baseline Retrieval Runs (No. of documents: 2780299) 

S. No Index Type Details 

Size of 

Vocabulary 

No. of Tokens No of  Pointers Fielded? Time Spent on 

Indexing 

1.  FT-Index 1,93,148 16,85,235 16196998 Yes 11 minutes 

2.  PM-Index 6,33,823  25,32,87,747 179023653 No 41.4 minutes 

3.  SM-Index 21,71,312 1,26,83,96,932 48,44,62,602 No 2Hr. 21 minutes 

4.  AM-Index 13,33,955 1,45,87,14,579 59,49,87,914 No 2Hr. 51 minutes 

5.  FT-plus-Index 24,03,186 1,50,80,85,801 61,52,73,056 Yes 2Hr. 21 minutes 

Table 6.2 lists the top-twenty (out of 240) best-performing baseline runs (Table A.1) on 

2011-12 and 2014-15 topics sets and relevance judgments using the original A/LT 

collection. The double line between the rows separates the retrieval runs performed on one 

topics set from that of the others. On 2011 topics set, SM-index-BM25-2011-TGN is the 

best-performing run showing that the SM-index holding title, tags and reviews when run 

against all-topic-fields and weighted through BM25 gives the best classical book retrieval 

baseline. Similarly, BM25 is the best weighting scheme when used with the social 

metadata. The best topic representation from 2011 topics set is all-topic-fields (TGN) or 

using title and narrative (TN) in any combination (see Table A.1). On 2012 topics, FT-

plus-index-TF-IDF-2012-TGN is the best-performing classical baseline where the FT-

plus-index is giving good results when run against all-topic-fields and weighted through 
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TF-IDF. The same can be observed on 2014 and 2015 topics sets but here AM-index is 

outperforming others. 

Table 6.2: The Best-performing Baseline Runs (nDCG@10) on A/LT Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  SM-index-BM25-2011-TGN 0.4904 0.3052 0.2383 0.4500 0.7582 

2.  AM-index-TF-IDF-2011-TGN 0.4888 0.3081 0.2420 0.4594 0.7431 

3.  FT-plus-index-TF-IDF-2011-TGN 0.4885 0.3104 0.2420 0.4554 0.7433 

4.  PM-index-TF-IDF-2011-TGN 0.3307 0.1962 0.1296 0.3089 0.5642 

5.  FT-index-BM25F-2011-TN 0.1864 0.1142 0.0647 0.2151 0.3278 

6.  FT-plus-index-TF-IDF-2012-TGN 0.2829 0.1198 0.1214 0.3088 0.5577 

7.  AM-index-TF-IDF-2012-TGN 0.2827 0.1187 0.1214 0.3080 0.5967 

8.  SM-index-BM25-2012-TN 0.2817 0.1060 0.1157 0.3303 0.6017 

9.  PM-index-TF-IDF-2012-TGN 0.1959 0.0771 0.0719 0.2136 0.4502 

10.  FT-index-BM25-2012-TN 0.1214 0.0448 0.0364 0.1603 0.2450 

11.  AM-index-TF-IDF-2014-TQGN 0.1998 0.0573 0.0922 0.1938 0.4206 

12.  FT-plus-index-TF-IDF-2014-TQGN 0.1976 0.0570 0.0907 0.1927 0.4219 

13.  SM-index-TF-IDF-2014-TQGN 0.1882 0.0543 0.0837 0.1800 0.4059 

14.  PM-index-TF-IDF-2014-TQGN 0.1115 0.0295 0.0435 0.1077 0.2814 

15.  FT-index-BM25F-2014-TQGN 0.0519 0.0110 0.0199 0.0482 0.1348 

16.  AM-index-TF-IDF-2015-TQGN 0.1815 0.0601 0.0552 0.1656 0.4142 

17.  SM-index-TF-IDF-2015-TQGN 0.1773 0.0584 0.0523 0.1662 0.4066 

18.  FT-plus-index-TF-IDF-2015-TQGN 0.1800 0.0584 0.0537 0.1669 0.4156 

19.  PM-index-TF-IDF-2015-TQGN 0.1153 0.0309 0.0347 0.1135 0.2939 

20.  FT-index-BM25F-2015-TQGN 0.0472 0.0112 0.0104 0.0442 0.1349 

Table 6.3 outlines the best-performing baseline runs on the same A/LT collection in terms 

of P@10 and MAP. It can be observed that the FT-plus-index when run against the all-

topic-fields on 2011-12 topics sets and weighted using TF-IDF outperforms others 

regarding P@10. Regarding MAP, the AM and FT-plus indexes outperform others when 

run against all-topic-fields and weighted using TF-IDF. On 2014-15 topics sets, the AM-

index is outperforming others regarding P@10 when run against all-topic-fields (2014 

topics) and title-query-narrative (2015 topics). Regarding MAP, the AM-index is still 

performing better than other indexes against all-topics-fields (2014 topics) and title-query-

group (2015 topics). Overall, it can be concluded that FT-plus and AM indexes are the 

best document representations when used with TF-IDF weighting model and run against 
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either all-topic-fields or any combination of the topic fields that lead to lengthy queries, 

where the role of title and narrative is significant and inevitable. It should be noted that 

during deduplication and mapping by the Perl script, the number of retrieved documents 

against each query may get reduced to less than 1000 results, which although has no 

effects on nDCG@10 but could have slightly affected the remaining evaluation metrics.
35

 

Table 6.3: The Best-Performing Baseline Runs (P@10 and MAP) on A/LT Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  FT-index-BM25F-2011-TN 0.1864 0.0647 0.0647 0.2151 0.3278 

2.  FT-index-BM25-2011-TN 0.1859 0.1194 0.0634 0.2214 0.3294 

3.  PM-index-TF-IDF-2011-TN 0.3194 0.1962 0.1269 0.2937 0.5464 

4.  PM-index-TF-IDF-2011-TGN 0.3307 0.1934 0.1296 0.3089 0.5642 

5.  SM-index-BM25-2011-TGN 0.4904 0.3052 0.2383 0.4500 0.7582 

6.  AM-index-TF-IDF-2011-TGN 0.4888 0.3081 0.2420 0.4594 0.7431 

7.  FT-plus-index-TF-IDF-2011-TGN 0.4885 0.3104 0.2420 0.4554 0.7433 

8.  FT-index-BM25F-2012-TN 0.1231 0.0469 0.0347 0.1595 0.2557 

9.  FT-index-BM25-2012-TN 0.1214 0.0448 0.0364 0.1603 0.2450 

10.  PM-index-BM25-2012-TGN 0.1858 0.0771 0.0623 0.1999 0.4273 

11.  PM-index-TF-IDF-2012-TGN 0.1959 0.0771 0.0719 0.2136 0.4502 

12.  SM-index-BM25-2012-TGN 0.2800 0.1125 0.1173 0.3157 0.6764 

13.  SM-index-TF-IDF-2012-TGN 0.2807 0.1125 0.1198 0.3142 0.6096 

14.  AM-index-TF-IDF-2012-TGN 0.2827 0.1187 0.1214 0.3080 0.5967 

15.  FT-plus-index-TF-IDF-2012-TGN 0.2829 0.1198 0.1214 0.3088 0.5577 

16.  FT-index-BM25F-2014-TQGN 0.0519 0.0110 0.0199 0.0482 0.1348 

17.  FT-index-BM25-2014-TQGN 0.0516 0.0122 0.0193 0.0483 0.1377 

18.  PM-index-TF-IDF-2014-TQN 0.1080 0.0298 0.0415 0.1027 0.2748 

19.  PM-index-TF-IDF-2014-TQGN 0.1115 0.0295 0.0435 0.1077 0.2814 

20.  SM-index-TF-IDF-2014-TQN 0.1869 0.0539 0.0843 0.1839 0.4004 

21.  SM-index-TF-IDF-2014-TQGN 0.1882 0.0543 0.0837 0.1800 0.4059 

22.  AM-index-TF-IDF-2014-TQGN 0.1998 0.0573 0.0922 0.1938 0.4206 

23.  FT-plus-index-TF-IDF-2014-TQGN 0.1976 0.0570 0.0907 0.1927 0.4219 

24.  FT-index-BM25F-2015-TQN 0.0457 0.0129 0.0106 0.0451 0.1283 

25.  FT-index-BM25-2015-TQN 0.0445 0.0135 0.0100 0.0398 0.1353 

26.  PM-index-BM25-2015-TQG 0.0977 0.0264 0.0371 0.0942 0.2493 

27.  PM-index-TF-IDF-2015-TQGN 0.1153 0.0309 0.0347 0.1135 0.2939 

28.  SM-index-TF-IDF-2015-TQG 0.1541 0.0466 0.0557 0.1579 0.3469 

29.  SM-index-TF-IDF-2015-TQN 0.1743 0.0590 0.0534 0.1610 0.3927 

30.  AM-index-TF-IDF-2015-TQG 0.1542 0.0461 0.0610 0.1569 0.3429 

31.  AM-index-TF-IDF-2015-TQN 0.1741 0.0612 0.0521 0.1581 0.4031 

32.  FT-plus-index-TF-IDF-2015-TQN 0.1744 0.0601 0.0527 0.1601 0.4027 

33.  FT-plus-index-TF-IDF-2015-TQGN 0.1800 0.0584 0.0537 0.1669 0.4156 

                                                 
35 Based on our discussion with Dr. Marjin Koolen and Dr. Jaap Kamps on SBS mailing list 
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Table 6.4 outlines the best-performing baseline runs in terms of reciprocal rank (MRR) 

and recall (R@1000). Unlike Table 6.2 and Table 6.3, Table 6.4 presents a slightly 

different view of the query-document representation and the resulting retrieval 

performance. On 2011 topics, regarding MRR, the AM-index performs better than the 

others when run against all-topic-fields and weighted using TF-IDF, while for R@1000, 

the SM-index gives the best results when weighted using BM25. On 2012 topics, the SM-

index gives the best results when weighted using BM25 and run against title-narrative 

(MRR) and all-topic-fields (R@1000). On 2014 topics set and version-2 relevance 

judgments, the AM-index gives the best results regarding MRR, when run against all-

topic-fields and weighted using TF-IDF, while for R@1000 the FT-plus-index gives the 

best results on the same settings. On 2015 topics, the FT-plus-index gives the best MRR 

and R@1000 when run against all-topic-fields and weighted using TF-IDF. Here, again 

the TF-IDF is dominating among the three weighting models. The best query 

representation is all-topic-fields. The best document representation results in when the 

index contains the social metadata such as in SM, AM and FT-plus indexes.  

Table 6.4: The Best-Performing Baseline Runs (MRR and R@1000) on A/LT Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  FT-index-BM25F-2011-TGN 0.1848 0.1147 0.0612 0.2046 0.3310 

2.  FT-index-BM25-2011-TN 0.1859 0.1194 0.0634 0.2214 0.3294 

3.  FT-index-BM25-2011-TGN 0.1835 0.1156 0.0594 0.2129 0.3310 

4.  PM-index-TF-IDF-2011-TGN 0.3307 0.1934 0.1296 0.3089 0.5642 

5.  SM-index-BM25-2011-TGN 0.4904 0.3052 0.2383 0.4500 0.7582 

6.  AM-index-TF-IDF-2011-TGN 0.4888 0.3081 0.2420 0.4594 0.7431 

7.  FT-plus-index-TF-IDF-2011-TGN 0.4885 0.3104 0.2420 0.4554 0.7433 

8.  FT-index-BM25F-2012-TGN 0.1177 0.0458 0.0329 0.1618 0.2635 

9.  PM-index-TF-IDF-2012-TGN 0.1959 0.0771 0.0719 0.2136 0.4502 

10.  SM-index-BM25-2012-TN 0.2817 0.1060 0.1157 0.3303 0.6017 

11.  SM-index-BM25-2012-TGN 0.2800 0.1125 0.1173 0.3157 0.6764 

12.  AM-index-TF-IDF-2012-TN 0.2821 0.1167 0.1202 0.3191 0.5887 

13.  AM-index-TF-IDF-2012-TGN 0.2827 0.1187 0.1214 0.3080 0.5967 

14.  FT-plus-index-TF-IDF-2012-TG 0.2198 0.0792 0.0860 0.2114 0.5724 

15.  FT-plus-index-TF-IDF-2012-TN 0.2814 0.1127 0.1195 0.3173 0.5503 
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S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

16.  FT-index-BM25F-2014-TQN 0.0508 0.0110 0.0197 0.0483 0.1336 

17.  FT-index-BM25-2014-TQN 0.0507 0.0115 0.0189 0.0474 0.1377 

18.  FT-index-BM25-2014-TQGN 0.0516 0.0122 0.0193 0.0483 0.1377 

19.  PM-index-TF-IDF-2014-TQGN 0.1115 0.0295 0.0435 0.1077 0.2814 

20.  SM-index-BM25-2014-TQGN 0.1861 0.0525 0.0819 0.1773 0.4093 

21.  SM-index-TF-IDF-2014-TQN 0.1869 0.0539 0.0843 0.1839 0.4004 

22.  AM-index-TF-IDF-2014-TQGN 0.1998 0.0573 0.0922 0.1938 0.4206 

23.  FT-plus-index-TF-IDF-2014-TQGN 0.1976 0.0570 0.0907 0.1927 0.4219 

24.  FT-index-BM25F-2015-TQN 0.0457 0.0129 0.0106 0.0451 0.1283 

25.  FT--index-TF-IDF-2015-TQGN 0.0461 0.0112 0.0097 0.0391 0.1418 

26.  PM-index-TF-IDF-2015-TQGN 0.1153 0.0309 0.0347 0.1135 0.2939 

27.  SM-index-TF-IDF-2015-TQGN 0.1773 0.0584 0.0523 0.1662 0.4066 

28.  AM-index-TF-IDF-2015-TQGN 0.1815 0.0601 0.0552 0.1656 0.4142 

29.  FT-plus-index-TF-IDF-2015-TQGN 0.1800 0.0584 0.0537 0.1669 0.4156 

6.1.2 The Baseline Retrieval on the Updated A/LT Collection 

By looking at the baseline retrieval experiments in Table A.1 in Appendix-A, it can be 

observed that the FT-index falls behind other indexes, even if used in fielded runs, where 

the structure semantics of the book are considered in retrieval. One possible reason is its 

shallowness as most of the content-related fields in the A/LT documents are empty. There 

are many documents, where only the book ISBN is available and even book title is 

missing, although Terrier is flexible enough to index empty documents and make it part of 

the record in the resulting index. The shallowness is also evident from the statistics of FT-

index in Table 6.1, where its numbers fall behind other indexes. 

To handle this issue, this thesis proposed to enrich the FT-index with additional details 

from the publisher and social book web applications in the hope to get better results. As a 

preliminary step, book descriptions were crawled from GoodReads to enrich document 

representation in FT and FT-plus indexes. Currently, the resulting collection holds 0.65m 

(6,51,709) documents. Table 6.5 presents statistics about indexing this updated collection 

for the baseline retrieval runs. However, the emptiness of other fields keeps FT-index still 

behind other indexes.  
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The updated collection was pre-processed using Algorithm-IV to keep the required fields 

only for a certain type of index. As a preliminary step, several baseline runs were 

conducted to see if all the 240 baseline runs, presented in Table A.1, should be repeated or 

best representative sample would do the job. It was observed that the runs which 

performed better on the original A/LT collection are still dominating on its subset. 

Therefore, the best-performing forty-eight runs were selected from Table A.1, in such a 

manner that for a given index type, the best-performing and applicable weighting model is 

selected together with the best query representation. In Table 6.6 (first five rows), e.g., for 

FT-index, all the three weighting models were selected with three best-performing topic-

fields combinations, whereas for PM index only two runs were considered due to the 

applicability of two weighting models only.  

Table 6.5: Indexing Details for Baseline Retrieval Runs (No. of documents: 651709) 

S. 

No. 

Index Type Details 

Size of 

Vocabulary 

No. of 

Tokens 

No of  

Pointers 

Fielded? Time Spent on 

Indexing 

1.  FT-Index 3,02,156 3,02,11,093 2,42,25,838 Yes 6.5 minutes 

2.  PM-Index 3,26,025 5,89,76,600 4,14,23,617 No 7.9 minutes 

3.  SM-Index 11,52,730 29,26,71,012 11,18,10,896 No 31.6 minutes 

4.  AM-Index 7,52,790 33,70,66,980 13,73,28,446 No 35.6 minutes 

5.  FT-plus-Index 13,25,667 37,53,08,167 14,91,62,321 Yes 39.2 minutes 

Table 6.7 presents the top-twenty best-performing baselines regarding nDCG@10 selected 

from Table 6.6. Among these runs, SM-index outperforms others on 2011 topics when run 

against all-topic-fields and weighted using BM25. On 2012 topics, AM-index gives the 

best performance when searched against all-topic-fields and weighted using TF-IDF. The 

FT-plus index outperforms others on 2014 and 2015 topics when run against all-topic-

fields and weighted using TF-IDF weighting model. Like in Section 6.1.1, the same 

conclusion can be drawn here: The performance of the baseline retrieval improves if the 
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social metadata is made part of the search index and ranked against the topic 

representation holding at least title and narrative and weighted using TF-IDF or BM25. 

The next section presents the results of the proposed re-ranking experiments. 

Table 6.6: The Best-performing Baseline Runs on the Updated A/LT Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  FT-index-BM25F-2011-TN 0.0817 0.0867 0.0221 0.2232 0.1037 

2.  FT-index-BM25-2011-TN 0.0821 0.0853 0.0225 0.2057 0.1076 

3.  FT-index-TF-IDF-2011-TN 0.0807 0.0778 0.0215 0.2054 0.1057 

4.  PM-index-BM25-2011-TGN 0.0995 0.1152 0.0308 0.2494 0.1182 

5.  PM-index-TF-IDF-2011-TGN 0.1028 0.1128 0.0316 0.2522 0.1224 

6.  SM-index-BM25-2011-TGN 0.1485 0.1815 0.0546 0.3746 0.1518 

7.  SM-index-TF-IDF-2011-TGN 0.1468 0.1777 0.0539 0.3729 0.1478 

8.  AM-index-BM25-2011-TGN 0.1419 0.1730 0.0503 0.3454 0.1555 

9.  AM-index-TF-IDF-2011-TGN 0.1478 0.1791 0.0536 0.3738 0.1523 

10.  FT-plus-index-BM25F-2011-TN 0.0806 0.0943 0.0214 0.1992 0.1030 

11.  FT-plus-index-BM25-2011-TGN 0.1414 0.1678 0.0500 0.3374 0.1558 

12.  FT-plus-index-TF-IDF-2011-TGN 0.1475 0.1810 0.0535 0.3697 0.1529 

13.  FT-index-BM25F-2012-TN 0.1228 0.0385 0.0396 0.1615 0.2688 

14.  FT-index-BM25-2012-TN 0.1184 0.0417 0.0384 0.1438 0.2629 

15.  FT-index-TF-IDF-2012-TN 0.1172 0.0417 0.0378 0.1400 0.2631 

16.  PM-index-BM25-2012-TGN 0.1395 0.0635 0.0560 0.1989 0.2972 

17.  PM-index-TF-IDF-2012-TGN 0.1430 0.0635 0.0594 0.2018 0.3021 

18.  SM-index-BM25-2012-TN 0.2158 0.1031 0.0912 0.2816 0.3918 

19.  SM-index-TF-IDF-2012-TGN 0.2144 0.1073 0.0947 0.2784 0.3982 

20.  AM-index-BM25-2012-TGN 0.2058 0.1031 0.0885 0.2654 0.3976 

21.  AM-index-TF-IDF-2012-TGN 0.2166 0.1125 0.0966 0.2865 0.3977 

22.  FT-plus-index-BM25F-2012-TN 0.1157 0.0438 0.0376 0.1418 0.2671 

23.  FT-plus-index-BM25-2012-TGN 0.2029 0.1021 0.0850 0.2707 0.4019 

24.  FT-plus-index-TF-IDF-2012-TGN 0.2141 0.1146 0.0938 0.2864 0.4033 

25.  FT-index-BM25F-2014-TQGN 0.0636 0.0155 0.0242 0.0674 0.1607 

26.  FT-index-BM25-2014-TQGN 0.0636 0.0155 0.0237 0.0668 0.1634 

27.  FT-index-TF-IDF-2014-TQGN 0.0626 0.0153 0.0234 0.0662 0.1616 

28.  PM-index-BM25-2014-TQGN 0.0744 0.0211 0.0273 0.0745 0.1858 

29.  PM-index-TF-IDF-2014-TQGN 0.0814 0.0246 0.0300 0.0877 0.2011 

30.  SM-index-BM25-2014-TQGN 0.1465 0.0485 0.0584 0.1510 0.3169 

31.  SM-index-TF-IDF-2014-TQGN 0.1483 0.0496 0.0591 0.1544 0.3187 

32.  AM-index-BM25-2014-TQN 0.1282 0.0387 0.0511 0.1278 0.2959 

33.  AM-index-TF-IDF-2014-TQGN 0.1519 0.0515 0.0628 0.1593 0.3183 

34.  FT-plus-index-BM25F-2014-TQN 0.0652 0.0150 0.0248 0.0697 0.1630 

35.  FT-plus-index-BM25-2014-TQN 0.1288 0.0388 0.0526 0.1273 0.2943 

36.  FT-plus-index-TF-IDF-2014-TQGN 0.1550 0.0518 0.0651 0.1654 0.3217 

37.  FT-index-BM25F-2015-TQGN 0.0652 0.0202 0.0181 0.0749 0.1643 

38.  FT-index-BM25-2015-TQGN 0.0639 0.0197 0.0168 0.0778 0.1646 

39.  FT--index-TF-IDF-2015-TQGN 0.0618 0.0197 0.0165 0.0730 0.1561 

40.  PM-index-BM25-2015-TQGN 0.0792 0.0236 0.0232 0.0948 0.1874 

41.  PM-index-TF-IDF-2015-TQGN 0.0848 0.0292 0.0250 0.1028 0.1932 



165 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

42.  SM-index-BM25-2015-TQGN 0.1460 0.0573 0.0443 0.1757 0.3092 

43.  SM-index-TF-IDF-2015-TQGN 0.1468 0.0601 0.0451 0.1778 0.3111 

44.  AM-index-BM25-2015-TQGN 0.1279 0.0455 0.0381 0.1287 0.2936 

45.  AM-index-TF-IDF-2015-TQGN 0.1504 0.0590 0.0487 0.1816 0.3116 

46.  FT-plus-index-BM25F-2015-TQGN 0.0691 0.0208 0.0213 0.0820 0.1678 

47.  FT-plus-index-BM25-2015-TQGN 0.1280 0.0461 0.0378 0.1340 0.2923 

48.  FT-plus-index-TF-IDF-2015-TQGN 0.1523 0.0579 0.0492 0.1845 0.3147 

Table 6.7: The Top-twenty Best-performing Baselines on the Updated A/LT Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  SM-index-BM25-2011-TGN 0.1485 0.1815 0.0546 0.3746 0.1518 

2.  AM-index-TF-IDF-2011-TGN 0.1478 0.1791 0.0536 0.3738 0.1523 

3.  FT-plus-index-TF-IDF-2011-TGN 0.1475 0.1810 0.0535 0.3697 0.1529 

4.  PM-index-TF-IDF-2011-TGN 0.1028 0.1128 0.0316 0.2522 0.1224 

5.  FT-index-BM25-2011-TN 0.0821 0.0853 0.0225 0.2057 0.1076 

6.  AM-index-TF-IDF-2012-TGN 0.2166 0.1125 0.0966 0.2865 0.3977 

7.  SM-index-BM25-2012-TN 0.2158 0.1031 0.0912 0.2816 0.3918 

8.  FT-plus-index-TF-IDF-2012-TGN 0.2141 0.1146 0.0938 0.2864 0.4033 

9.  PM-index-TF-IDF-2012-TGN 0.1430 0.0635 0.0594 0.2018 0.3021 

10.  FT-index-BM25F-2012-TN 0.1228 0.0385 0.0396 0.1615 0.2688 

11.  FT-plus-index-TF-IDF-2014-TQGN 0.1550 0.0518 0.0651 0.1654 0.3217 

12.  AM-index-TF-IDF-2014-TQGN 0.1519 0.0515 0.0628 0.1593 0.3183 

13.  SM-index-TF-IDF-2014-TQGN 0.1483 0.0496 0.0591 0.1544 0.3187 

14.  PM-index-TF-IDF-2014-TQGN 0.0814 0.0246 0.0300 0.0877 0.2011 

15.  FT-index-BM25F-2014-TQGN 0.0636 0.0155 0.0242 0.0674 0.1607 

16.  FT-plus-index-TF-IDF-2015-TQGN 0.1523 0.0579 0.0492 0.1845 0.3147 

17.  AM-index-TF-IDF-2015-TQGN 0.1504 0.0590 0.0487 0.1816 0.3116 

18.  SM-index-TF-IDF-2015-TQGN 0.1468 0.0601 0.0451 0.1778 0.3111 

19.  PM-index-TF-IDF-2015-TQGN 0.0848 0.0292 0.0250 0.1028 0.1932 

20.  FT-index-BM25F-2015-TQGN 0.0652 0.0202 0.0181 0.0749 0.1643 

6.2 Re-ranking the Baseline Search Results 

This section presents the results of the re-ranking experiments conducted on the baseline 

retrieval runs of both A/LT collection and its updated subset. 

6.2.1 Re-ranking Baselines on the Original A/LT Collection 

Table 6.8 presents the re-ranking of the top-twenty best-performing baselines of Table 6.2. 

The re-ranking results on 2011-12 topics show that re-ranking using tags and reviews is 

unable to beat the baseline retrieval in case of SM, AM and FT-plus indexes but an 
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improvement in relevance appears regarding nDCG@10 using PM-index and FT-index. 

One possible reason behind this improvement in performance is the absence of social 

metadata in their document representation, i.e., the multifeatured fusion-based re-ranking 

using the social metadata is useful only if it is not included in the index during the baseline 

retrieval. This gives the impression that if the document representation is carefully crafted 

in the search index, it is possible that re-ranking may be of little use or may not be 

required at all regarding nDCG@10. The same could be observed in case of the remaining 

metrics, where re-ranking has a very little positive/negative impact on the search results. 

On 2014 topics, re-ranking FT and FT-plus indexes shows a slight improvement in search 

relevance but not in case of PM, AM and SM indexes. No improvement in case of re-

ranking PM-index and improvement in case of the FT-plus index leads to another 

conclusion that the nature of topics and relevance judgments also affects the evaluation on 

the selected metrics. This is supported by the re-ranking results on 2015 topics set, where 

the relevance improves slightly on all but AM and FT indexes. 

Table 6.8: The Top-twenty Baseline and Re-ranking Runs on the A/LT Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  SM-index-BM25-2011-TGN 0.4904 0.3052 0.2383 0.4500 0.7582 

Re-SM-index-BM25-2011-TGN 0.4902 .03052 0.2381 .04502 0.7582 

2.  AM-index-TF-IDF-2011-TGN 0.4888 0.3081 0.2420 0.4594 0.7431 

Re-AM-index-TF-IDF-2011-TGN 0.4888 0.3071 0.2419 0.4618 0.7431 

3.  FT-plus-index-TF-IDF-2011-TGN 0.4885 0.3104 0.2420 0.4554 0.7433 

Re-FT-plus-index-TF-IDF-2011-TGN 0.4884 0.3090 0.2418 0.4551 0.7433 

4.  PM-index-TF-IDF-2011-TGN 0.3307 0.1962 0.1296 0.3089 0.5642 

Re-PM-index-TF-IDF-2011-TGN 0.3311 0.1942 0.1300 0.3092 0.5642 

5.  FT-index-BM25F-2011-TN 0.1864 0.1142 0.0647 0.2151 0.3278 

Re-FT-index-BM25F-2011-TN 0.1883 0.1185 0.0657 0.2301 0.3278 

6.  FT-plus-index-TF-IDF-2012-TGN 0.2829 0.1198 0.1214 0.3088 0.5577 

Re-FT-plus-index-TF-IDF-2012-TGN 0.2829 0.1198 0.1216 0.3093 0.5974 

7.  AM-index-TF-IDF-2012-TGN 0.2827 0.1187 0.1214 0.3080 0.5967 

Re-AM-index-TF-IDF-2012-TGN 0.2824 0.1187 0.1211 0.3067 0.5967 

8.  SM-index-BM25-2012-TN 0.2817 0.1060 0.1157 0.3303 0.6017 

Re-SM-index-BM25-2012-TN 0.2813 0.1042 0.1154 0.3276 0.6017 
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S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

9.  PM-index-TF-IDF-2012-TGN 0.1959 0.0771 0.0719 0.2136 0.4502 

Re-PM-index-TF-IDF-2012-TGN 0.1961 0.0771 0.0719 0.2137 0.4502 

10.  FT-index-BM25-2012-TN 0.1214 0.0448 0.0364 0.1603 0.2450 

Re-FT-index-BM25-2012-TN 0.1264 0.0448 0.0397 0.1790 0.2450 

11.  AM-index-TF-IDF-2014-TQGN 0.1998 0.0573 0.0922 0.1938 0.4206 

Re-AM-index-TF-IDF-2014-TQGN 0.1989 0.0573 0.0921 0.1939 0.4206 

12.  FT-plus-index-TF-IDF-2014-TQGN 0.1976 0.0570 0.0907 0.1927 0.4219 

Re-FT-plus-index-TF-IDF-2014-

TQGN 

0.1979 0.0565 0.0913 0.1921 0.4219 

13.  SM-index-TF-IDF-2014-TQGN 0.1882 0.0543 0.0837 0.1800 0.4059 

Re-SM-index-TF-IDF-2014-TQGN 0.1880 0.0543 0.0833 0.1806 0.4059 

14.  PM-index-TF-IDF-2014-TQGN 0.1115 0.0295 0.0435 0.1077 0.2814 

Re-PM-index-TF-IDF-2014-TQGN 0.1080 0.0295 0.0415 0.1026 0.2748 

15.  FT-index-BM25F-2014-TQGN 0.0519 0.0110 0.0199 0.0482 0.1348 

Re-FT-index-BM25F-2014-TQGN 0.0523 0.0110 0.0198 0.0510 0.1348 

16.  AM-index-TF-IDF-2015-TQGN 0.1815 0.0601 0.0552 0.1656 0.4142 

Re-AM-index-TF-IDF-2015-TQGN 0.1813 0.0601 0.0551 0.1654 0.4142 

17.  SM-index-TF-IDF-2015-TQGN 0.1773 0.0584 0.0523 0.1662 0.4066 

Re-SM-index-TF-IDF-2015-TQGN 0.1778 0.0590 0.0529 0.1691 0.4066 

18.  FT-plus-index-TF-IDF-2015-TQGN 0.1800 0.0584 0.0537 0.1669 0.4156 

Re-FT-plus-index-TF-IDF-2015-

TQGN 

0.1816 0.0584 0.0551 0.1697 0.4156 

19.  PM-index-TF-IDF-2015-TQGN 0.1153 0.0309 0.0347 0.1135 0.2939 

Re-PM-index-TF-IDF-2015-TQGN 0.1155 0.0309 0.0348 0.1136 0.2939 

20.  FT-index-BM25F-2015-TQGN 0.0472 0.0112 0.0104 0.0442 0.1349 

Re-FT-index-BM25F-2015-TQGN 0.0472 0.0107 0.0105 0.0441 0.1349 

These observations have two takeaway lessons for book search engines and library 

catalogs. For search engines, the social metadata, according to Koolen [97] is currently not 

part of the search index; however, by looking at the results produced by re-ranking the FT-

index results, it can be observed that if the social metadata is made part of their index, the 

relevance of books against the user search queries can be improved and that the additional 

step of re-ranking could be reduced. For example, USTB [141] gives the best re-ranking 

results on 2014 topics and outperforms its baseline but in three steps, which means greater 

computing overhead. First, the baseline score is computed, then re-ranking is performed 

using eleven re-ranking strategies and finally, the re-ranking results are merged using 

L2R’s Random Forests. It is quite possible that if USTB [141] considered seriously the 
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contribution of query-document representation and retrieval model to produce a stronger 

baseline run and re-ranked it using re-ranking & merging strategy, we may have witnessed 

a different conclusion of their findings. This includes no or significant improvement in 

performance of re-ranking over the baseline retrieval. This is what this thesis has 

proposed: develop strong classical book retrieval baseline and re-rank it using a 

multifeatured fusion of metadata. This thesis agrees with Koolen [97] that the social 

metadata should be made part of the search index. The second take-away is for the LIS 

professionals: Adding the social metadata to the library catalogs will improve resource 

discovery & access in libraries, which is also evident from the discussion and findings of 

Chapter 3. The next section extends this discussion on the need for re-ranking by 

experimenting with an updated subset of the A/LT collection. 

6.2.2 Re-ranking Baselines on the Updated A/LT Collection 

Table 6.9 presents the re-ranking of the top-twenty best-performing runs of Table 6.7. On 

2011 topics, re-ranking is unable to beat the baseline retrieval. On 2012 topics, re-ranking 

shows the same results except SM-index where re-ranking outperformed the baseline 

retrieval. On 2014 topics, performance increases in case of PM and FT indexes only. On 

2015 topics, re-ranking improves relevance in case of AM and PM only. These findings 

suggest that re-ranking has a very little chance to win against a stronger classical book 

retrieval baseline. This needs further discussion and analysis, presented in Section 6.3. 

Table 6.9: The Top-twenty Baseline and Re-ranking Runs on the Updated A/LT 

Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  SM-index-BM25-2011-TGN 0.1485 0.1815 0.0546 0.3746 0.1518 

Re_SM-index-BM25-2011-TGN 0.1483 0.1820 0.0542 0.3722 0.1518 

2.  AM-index-TF-IDF-2011-TGN 0.1478 0.1791 0.0536 0.3738 0.1523 

Re_AM-index-TF-IDF-2011-TGN 0.1475 0.1806 0.0534 0.3718 0.1523 
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S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

3.  FT-plus-index-TF-IDF-2011-TGN 0.1475 0.1810 0.0535 0.3697 0.1529 

Re_FT-plus-index-TF-IDF-2011-TGN 0.1475 0.1815 0.0535 0.3696 0.1529 

4.  PM-index-TF-IDF-2011-TGN 0.1028 0.1128 0.0316 0.2522 0.1224 

Re_PM-index-TF-IDF-2011-TGN 0.1028 0.1142 0.0316 0.2521 0.1224 

5.  FT-index-BM25-2011-TN 0.0821 0.0853 0.0225 0.2057 0.1076 

Re_FT-index-BM25-2011-TN 0.0821 0.0858 0.0225 0.2060 0.1076 

6.  AM-index-TF-IDF-2012-TGN 0.2166 0.1125 0.0966 0.2865 0.3977 

Re_AM-index-TF-IDF-2012-TGN 0.2165 0.1125 0.0966 0.2867 0.3977 

7.  SM-index-BM25-2012-TN 0.2158 0.1031 0.0912 0.2816 0.3918 

Re_SM-index-BM25-2012-TN 0.2161 0.1042 0.0916 0.2826 0.3916 

8.  FT-plus-index-TF-IDF-2012-TGN 0.2141 0.1146 0.0938 0.2864 0.4033 

Re_FT-plus-index-TF-IDF-2012-TGN 0.2140 0.1146 0.0936 0.2860 0.4033 

9.  PM-index-TF-IDF-2012-TGN 0.1430 0.0635 0.0594 0.2018 0.3021 

Re_PM-index-TF-IDF-2012-TGN 0.1430 0.0635 0.0595 0.2016 0.3021 

10.  FT-index-BM25F-2012-TN 0.1228 0.0385 0.0396 0.1615 0.2688 

Re_FT-index-BM25F-2012-TN 0.1228 0.0385 0.0396 0.1617 0.2688 

11.  FT-plus-index-TF-IDF-2014-TQGN 0.1550 0.0518 0.0651 0.1654 0.3217 

Re_FT-plus-index-TF-IDF-2014-TQGN 0.1550 0.0516 0.0651 0.1647 0.3217 

12.  AM-index-TF-IDF-2014-TQGN 0.1519 0.0515 0.0628 0.1593 0.3183 

Re_AM-index-TF-IDF-2014-TQGN 0.1518 0.0515 0.0626 0.1589 0.3183 

13.  SM-index-TF-IDF-2014-TQGN 0.1483 0.0496 0.0591 0.1544 0.3187 

Re_SM-index-TF-IDF-2014-TQGN 0.1483 0.0497 0.0591 0.1545 0.3187 

14.  PM-index-TF-IDF-2014-TQGN 0.0814 0.0246 0.0300 0.0877 0.2011 

Re_PM-index-TF-IDF-2014-TQGN 0.0815 0.0247 0.0301 0.0880 0.2011 

15.  FT-index-BM25F-2014-TQGN 0.0636 0.0155 0.0242 0.0674 0.1607 

Re_FT-index-BM25F-2014-TQGN 0.0637 0.0155 0.0243 0.0678 0.1607 

16.  FT-plus-index-TF-IDF-2015-TQGN 0.1523 0.0579 0.0492 0.1845 0.3147 

Re_FT-plus-index-TF-IDF-2015-TQGN 0.1523 0.0567 0.0490 0.1837 0.3147 

17.  AM-index-TF-IDF-2015-TQGN 0.1504 0.0590 0.0487 0.1816 0.3116 

Re_AM-index-TF-IDF-2015-TQGN 0.1505 0.0590 0.0487 0.1817 0.3116 

18.  SM-index-TF-IDF-2015-TQGN 0.1468 0.0601 0.0451 0.1778 0.3111 

Re_SM-index-TF-IDF-2015-TQGN 0.1467 0.0601 0.0450 0.1778 0.3111 

19.  PM-index-TF-IDF-2015-TQGN 0.0848 0.0292 0.0250 0.1028 0.1932 

Re_PM-index-TF-IDF-2015-TQGN 0.0850 0.0298 0.0251 0.1031 0.1932 

20.  FT-index-BM25F-2015-TQGN 0.0652 0.0202 0.0181 0.0749 0.1643 

Re_FT-index-BM25F-2015-TQGN 0.0652 0.0202 0.0181 0.0750 0.1643 

6.3 Discussion and Analysis 

This section compares our best-performing baseline and re-ranking runs against the 

published SBS experiments on the original A/LT collection and studies whether re-ranking 

using social metadata has any statistically significant impact on search relevance. Table 

6.10 compares our best-performing baseline runs to those of the published articles cited in 
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this thesis especially in Chapter 4. For the sake of fair comparison, Table 6.10 holds the 

details of runs that were performed on 2011-12 and 2014-15 topics sets as this work 

performed no experiments on 2013 and 2016 topics sets and relevance judgments. Also, 

the publications having no details about their baseline run or where the baseline retrieval is 

not represented in terms of nDCG@10 are excluded. On all the four topics sets and qrels, 

our best-performing baseline run outperformed the published baselines regarding 

nDCG@10, which is due to our proposal of considering seriously the contribution of 

document representation, query representation and retrieval/weighting model, as 

mentioned in the second objective of this research work, in Chapter 1. This demonstrates 

that in conducting any SBS experiment, developing a strong retrieval baseline is inevitable 

and considering the contribution of topic, document and retrieval/weighting model is one 

of the main pillars. Regarding the remaining metrics, except on 2011 topics set and qrels, 

our baseline runs are not performing very well, which may be due to ISBN-to-

LibraryThing IDs mapping (also, mappings for several ISBNs remained unsuccessful) and 

the records deduplication (duplicate records are removed), where the final results set may 

hold less than 1000 results per query. Therefore, improvements are possible if the number 

of results retrieved per query is increased so that the final results set after running the Perl 

script holds at least 1000 results per query. Similarly, regarding the BM25F runs, the 

experiments were performed with the default configuration of Terrier IR platform, where 

further weight tuning may improve the retrieval performance of FT and FT-plus indexes. 

The next subsection describes the experiments conducted on a subset of A/LT collection, 

where the <dewey> field was updated by their textual representation and a <description> 

was added and populated from GoodReads. 
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Table 6.10: The Comparison of Our and Published Best-performing Baseline Runs 

S. No Topics Set Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  

2011 

RSLIS [11] 0.2843 0.1910 0.2035 0.4567 - 

2.  UAms [140] 0.2913 0.1910 0.2115 0.4661 - 

3.  UAms [206] 0.2510 - 0.1740 - 0.6800 

4.  CERIST [177] 0.2567 - - - - 

5.  CERIST [18] 0.3007 - - - - 

6.  LIA&LSIS [205] 0.2536 0.1697 0.1815 0.3962 - 

7.  LIA&LSIS [208] 0.2786 0.1890 - 0.4337 - 

8.  SM-index-BM25-2011-TGN 0.4904 0.3052 0.2383 0.4500 0.7582 

9.  

2012 

RSLIS-2012 [12] 0.1492 0.1198 - 0.3069 0.5775 

10.  OUC-2012 [207] 0.0756 - 0.065 0.1615 - 

11.  UAms [139] 0.1440 1.122 - 0.3620 - 

12.  UAms [97] 0.1640 - - - 0.5639 

13.  CERIST [177] 0.1804 - - - - 

14.  CERIST [18] 0.2012 - - - - 

15.  LIA&LSIS [208] 0.1295 0.1260 - 0.3410 0.3584 

16.  FT-plus-index-TF-IDF-2012-TGN 0.2829 0.1198 0.1214 0.3088 0.5577 

17.  

2014 

ISMD [197] 0.0670 - 0.0490 0.1230 0.2850 

18.  CYUT [171] 0.1190 - 0.0860 0.2460 0.3400 

19.  LaHC [15] 0.1424 - 0.1070 0.2753 0.4262 

20.  CERIST [177] 0.1167 - - - - 

21.  CERIST [18] 0.1291 - - - - 

22.  LIA&LSIS [198] 0.1280 - 0.1010 0.2360 0.4410 

23.  LIA&LSIS [190] 0.1099 0.0780 0.0720 0.2670 - 

24.  LIA&LSIS [190] 0.1380 0.1170 0.1170 0.2070 - 

25.  LIA&LSIS [142] 0.1280 0.0670 0.101 0.2360 - 

26.  AM-index-TF-IDF-2014-TQGN 0.1998 0.0573 0.0922 0.1938 0.4206 

27.  

2015 

OUC [191] 0.082 - 0.0520 0.0182 0.3410 

28.  LaHC [193] 0.0880 - 0.0650 0.1740 0.4830 

29.  LIG [192] 0.0900 - 0.0630 0.1730 0.5070 

30.  CERIST [177] 0.1164 - - - - 

31.  CERIST [18] 0.1222 - - - - 

32.  LIA&LSIS [142] 0.063 0.044 0.0460 0.1470 - 

33.  USTB [180] 0.1209 - 0.0833 - - 

34.  MIIB-IRIT [19] 0.082 - 0.0540 0.1890 0.3750 

35.  MIIB-IRIT [178] 0.1620 0.0607 0.0527 - - 

36.  AM-index-TF-IDF-2015-TQGN 0.1815 0.0601 0.0552 0.1656 0.4142 

Figure 6.1 represents the increase or decrease in the relevance score before and after re-

ranking on both the original and updated subset of A/LT collection. Figure 6.1 (a) shows 

that re-ranking the baseline runs (performed on the A/LT collection) improves the 

relevance score regarding nDCG@10, P@10, MAP and MRR but remains unchanged 

regarding R@1000. A similar pattern can be seen on the updated subset of A/LT 
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collection regarding nDCG@10, MAP, MRR but a decrease in performance for P@10. 

Whether the increase or decrease in performance regarding both collections is statistically 

significant requires further significance tests, discussed in the following paragraphs. 

  

(a) (b) 

Figure 6.1: The Impact of Re-ranking on Baseline Runs Using (a) Original and (b) 

Updated A/LT Collection 

To understand whether the difference between the baseline and re-ranking retrieval runs is 

statistically significant, the paired samples t-test is required which compares the means 

before (𝜇1) and after (𝜇2) re-ranking the baseline runs [217]. If the difference is zero 

(𝜇1 − 𝜇2 = 0) then it is not significant and significant otherwise. To perform the tests 

effectively and correctly, it requires a sample size of greater than or equal to thirty runs. 

Therefore, the baseline and re-ranking runs of Table A.2 and A.3 are taken as the 

candidate samples for significance tests using IBM SPSS-21. To apply the paired-samples 

t-tests, the null and alternative hypotheses should be stated in a way that compares means 

based on all the five evaluation metrics for the original and updated A/LT collection. 

Therefore, the null and alternative hypotheses are:  

𝐻0: Re-ranking has no impact on the baseline retrieval results (𝜇1 = 𝜇2) 

𝐻1: Re-ranking has an impact on the baseline retrieval results (𝜇1 ≠ 𝜇2) 
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Table 6.11 and 6.12 present the output of the paired samples t-test for the five evaluation 

metrics performed on the original and updated A/LT collection, with a confidence interval 

of 95% (options for missing values: exclude cases analysis by analysis). In Table 6.11, the 

p-value for nDCG@10, P@10, and MRR is less than 0.05, which rejects the null 

hypothesis and keeps the alternative hypothesis that re-ranking has a significant impact on 

the baseline search results even if the baseline retrieval run is produced carefully by 

considering the contribution of query-document representation and retrieval model. 

Combining this observation with that of Figure 6.1(a) leads to the conclusion that re-

ranking does improve the relevance of search results regarding nDCG@10, P@10 and 

MRR. These results support the findings of the majority of the SBS experiments from 

researchers [1, 11, 12, 15, 22, 95, 139, 141, 152, 170, 183, 189, 203, 204] who found that 

re-ranking improves the relevance of search results when applied to the baseline runs. 

However, for MAP and R@1000, the p-value of the t-test is greater than 0.05, which 

rejects the alternative hypothesis and keeps the null hypothesis (no significant differences) 

emphasizing that re-ranking is unable to improve the relevance of search results in terms 

of MAP and R@1000 when applied to a strong classical book retrieval baseline.  

Table 6.12 shows the output of the paired samples t-test between the baseline and re-

ranking scores regarding nDCG@10, P@10, MAP, MRR, and R@1000 on the updated 

subset of the A/LT collection. It can be observed that the p-value in all the five cases is 

greater than 0.05, which rejects the alternative hypothesis and keeps the null hypothesis 

valid that the differences between the two means of the corresponding metrics are not 

statistically significant. In other words, the improvement brought by re-ranking the 

baseline runs regarding nDCG@10, MAP and MRR or reduction in the relevance score by 

re-ranking regarding P@10, as depicted in Figure 6.1(b) is not statistically significant. 



174 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

From this output, two possible conclusions are drawn. First, the updated dataset is very 

small (0.65m compared to the original, which is 2.8m) and therefore, applying it on a 

larger set may or may not bring the same results as in Table 6.11. The second conclusion 

is that re-ranking has no significant impact on the baseline search results if carefully 

produced by considering the contribution of document and topic representation as well as 

the weighting model. In the first case, it will support the findings of several researchers  

[1, 11, 12, 15, 22, 95, 139, 141, 152, 170, 183, 189, 203, 204] who found that re-ranking 

improves the search performance, while in the second case, it is in line with the findings of 

the relevant literature [11, 12, 14, 171, 191, 193, 198] where re-ranking was unable to 

produce better results than the baseline runs. 

Table 6.11: Paired-Samples T-Test between Baseline and Re-ranking Runs on the Original 

A/LT Collection 

 

Paired Differences 

t df 
Sig. (2-

tailed) Mean 
Std. 

Deviation 

Std. Error 

Mean 

99% Confidence Interval 

of the Difference 

Lower Upper 

Pair 1 
nDCG@10_Baseline - 

nDCG@10_Reranked -0.0008146 0.0026103 0.0003768 -0.0015725 -0.0000566 -2.162 47 0.036 

Pair 2 
P@10_Baseline - 

P@10_Reranked -0.0003938 0.0012947 0.0001869 -0.0007697 -0.0000178 -2.107 47 0.040 

Pair 3 
MAP_Baseline - 

MAP_Reranked -0.0005042 0.0017412 0.0002513 -0.0010098 0.0000014 -2.006 47 0.051 

Pair 4 
MRR_Baseline - 

MRR_Reranked -0.0028875 0.0076915 0.0011102 -0.0051209 -0.0006541 -2.601 47 0.012 

Pair 5 
R@1000_Baseline - 

R@1000_Reranked 0.0002042 0.0012186 0.0001759 -0.0001497 0.0005580 1.161 47 0.252 

The results of the paired samples t-test regarding MAP, R@1000 in the Table 6.11 and 

regarding all metrics in Table 6.12 suggest that making social metadata part of the search 

index and considering the contribution of query-document representation and weighting 

model may lead to the stronger baseline runs, where re-ranking may not be required at all. 

Another relatively bigger research opportunity could be the application of the stronger re-
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ranking methods published in the literature, e.g., [141, 178, 179] on a carefully-crafted and 

stronger baseline run to see how re-ranking improves over the baseline search results. 

Table 6.12: Paired-Samples T-Test between Baseline and Re-ranking Runs on the Updated 

Subset of A/LT Collection 

 Paired Differences t df Sig. 

(2-

tailed) 
Mean Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Pair 1 
nDCG@10_Baseline - 

nDCG@10_Reranked 

-0.0000146 0.0001571 0.0000227 -0.0000602 0.0000310 -0.643 47 0.523 

Pair 2 
P@10_Baseline - 

P@10_Reranked 

-0.0002604 0.0012184 0.0001759 -0.0006142 0.0000934 -1.481 47 0.145 

Pair 3 
MAP_Baseline - 

MAP_Reranked 

0.0007396 0.0051859 0.0007485 -0.0007662 0.0022454 0.988 47 0.328 

Pair 4 
MRR_Baseline - 

MRR_Reranked 

0.0000458 0.0008892 0.0001283 -0.0002124 0.0003040 0.357 47 0.723 

Pair 5 
R@1000_Baseline - 

R@1000_Reranked 

0.0000042 0.0000289 0.0000042 -0.0000042 0.0000125 1.000 47 0.322 

Table 6.13 compares our best-performing re-ranking runs conducted on the original A/LT 

collection to the top-five best-performing official/non-official re-ranking runs. For a fair 

comparison, only those runs are included, which were conducted on 2011-12 and 2014-15 

topics sets and where the whole topics set is exploited in the evaluation. For example, the 

2012 topics set contains 300 queries but Tang-CHI [195] with nDCG@10=0.6751 used 

only ten selected topics in their experiments and therefore, such studies should be 

excluded. The second, best alternative to this source is the CERIST [18] with 

nDCG@10=0.2425. UAms [206] in its non-official run has nDCG@10=0.7860 on AMT 

qrels but 0.2510 on LT relevance judgments and therefore, the latter study is included. 
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Table 6.13: Our Re-ranking Runs against the Re-ranking Runs from the Literature 

S. 

No. 

Topics 

Set 

Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  

2011 

Re-SM-index-BM25-TGN 0.4902 0.3052 0.2381 0.4502 0.7582 

USTB [95] 0.4215 0.2632 - 0.5634 - 

UAms [140] 0.3101 0.2017 0.2283 0.4811 - 

RSLIS [11] 0.2991 0.1991 0.1945 0.4731 - 

LIA/LSIS [205] 0.2710 0.1900 0.1138 0.3703 - 

UAms [206] 0.2510 - 0.1740 - 0.6800 

2.  

2012 

Re-FT-plus-index-TF-IDF-

TGN 
0.2829 0.1198 0.1216 0.3093 0.5974 

CERIST [18] 0.2425 - - - - 

USTB [179] 0.2330 0.1690 - 0.4560 - 

UAms [139] 0.1456 0.1376 0.1249 0.3696 - 

RSLIS [12]  0.1452 0.1248 0.1059 0.3061 - 

LIA/LSIS [208] 0.1312 0.1376 0.1138 0.3703 - 

3.  

2014 

USTB [141] 0.3030 - 0.2320 0.4640 - 

Re-AM-index-TF-IDF-

TQGN 

0.1989 0.0573 0.0921 0.1939 0.4206 

USTB [179] 0.1960 0.3240 - 0.1380 - 

UAms [97] 0.1640 - - - 0.5639 

ISMD [172] 0.1585 0.2980 0.4750 0.2763 - 

CERIST [177] 0.1565 - - - - 

4.  

2015 

MIIB [178] 0.2080 - 0.1078 0.0986 - 

USTB [179] 0.2040 0.4260 - 0.1250 - 

MIIB-IRIT [19] 0.1860 - 0.1050 0.3940 - 

ISMD [172] 0.1950 0.4230 0.6250 0.2150 - 

Re-FT-plus-index-TF-IDF-

TQGN 

0.1816 0.0584 0.0551 0.1697 0.4156 

CERIST [18] 0.1526 - - - - 

The best-performing runs are highlighted in bold and ours are through the colored cells in 

Table 6.13. On 2011-12 topics sets, our re-ranking runs outperform the existing solutions 

by standing at the first position by exploiting only tags, ratings, votes and reviews. On 

2014 and 2015 topics, we stand at the second and fifth positions, respectively. We believe 

that exploiting other metadata features including price, the number of pages, editions, etc., 

can further improve the search results. Updating the dataset for other metadata features 

like e.g., the ones used in [16] such as the number of libraries and publishers holding the 

book, best-selling lists, awards lists, number of editions, reprints, average rating and 

number of book pages viewed by users, etc., and exploiting them in re-ranking our best-



177 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

performing runs may give further better results. One possible reason of our relatively poor 

performance on 2015 topics sets is no exploitation of the 94000 user profiles that come 

with the ALT collection in generating recommendation or search-recommendation hybrid 

solution that have been giving outstanding results in some cases published in the relevant 

literature. For example, Huang and Zhao [218] experimented with 308 user profiles from 

A/LT dataset in their CF recommender and found promising search results. Similarly, 

exploiting other topic fields e.g., <example>, <catalog>, etc., that come with SBS topics 

sets in recommendations may also improve the relevance of search results. We plan these 

as our future work. 

6.4 Summary 

This chapter presented the results from of the proposed classical book retrieval and re-

ranking runs both on the original and updated A/LT collection. The results on four topics 

sets and their relevance judgments support our hypothesis that for successful SBS 

experiment, the development of a strong book retrieval baseline is essential, where the 

contribution of query-document representation and retrieval model is of utmost 

importance. The significance tests between the baseline and re-ranking runs on the original 

A/LT collection show significant improvements in relevance regarding nDCG@10, 

P@10, and MRR but not MAP and R@1000. On the updated collection, no significant 

improvements in search performance were found. This is the second and last chapter of 

Part-II of this thesis. The next chapter concludes the findings of this thesis.  



178 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

 

Chapter 7 : Conclusion and Future Work 

The Social Web has changed the digital landscape of resource description & access in 

libraries, the book search behavior of readers on the Web as well as the retrieval of 

relevant books against their search queries. The availability of social book web 

applications including Amazon, GoodReads, LibraryThing and Open Library has made it 

possible for the users to share views about books as well as ask for and suggest books 

upon request. This way the users are active participants of resource description in the form 

of the user-generated content or social metadata, which has opened new avenues of 

research for libraries, Information Science, IR, IIR, and Semantic Web under the broader 

yet emerging topic of Social Book Search. Libraries, cataloging experts and information 

scientists are not only migrating to the richer world of Linked and Open Data for an 

improved data visibility but are also planning about exploiting social metadata in 

enriching their library catalogs to be able to describe their holdings in the language and 

accent of the users for improved resource description, discovery, and access. Researchers 

from HCI and IIR are studying the user interactions with the richer collection of 

professional and social metadata in the form of A/LT collection under the Interactive SBS 

research, which is one of the prominent research areas to design user-friendly interactive 

systems with improved accessibility for book readers. Researchers in IR have exploited 

the A/LT collection in developing efficient book retrieval solutions under the umbrella of 

Social Book Search research to bring books that are more relevant against the information 

 “In literature and in life we ultimately pursue, not 

conclusions, but beginnings.”  

– Sam Tanenhaus 
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needs of the users behind their search queries. Although several prominent solutions have 

been developed so far, the area is still emerging and future-proof [1] with several research 

opportunities discussed in this chapter. This is the last and concluding chapter of this 

thesis. Section 7.1 presents briefly the main findings and conclusions drawn from the 

research exploration through our critical and analytical reviews in Part-I and from the 

results of SBS experiments in Part-II. Section 7.2 presents some future research avenues. 

Section 7.3 concludes the chapter. 

7.1 The Main Findings and Conclusions 

This section presents the main conclusions and findings from the studies conducted as part 

of this thesis. These include findings both from the literature reviews presented in Part-I 

(Chapter 2, 3 and 4) as well as the contributions made in Part-II (Chapter 5 and 6) 

regarding the SBS baseline and re-ranking experiments. 

7.1.1 Libraries in the Realm of Linked and Open Data 

Chapter 2 presented a brief yet holistic review of the current state of Linked and Open 

Data in library cataloging. It named the potentials of LOD and LOV in making the 

bibliographic descriptions publishable, linkable, and consumable on the Web and found 

several prominent challenges, issues, and future research avenues. It was reported that 

publishing, linking, and consuming bibliographic metadata on the Web using Linked Data 

principles brings several benefits for libraries [27]. The library community should improve 

their skills regarding this paradigm shift and adopt the best practices from other domains 

[84, 100]. However, the “jungle of metadata standards” with varying complexity and scale 

makes it challenging to select, apply and work with them [40]. Therefore, to be part of 
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global-scale activity of making bibliographic data available on the Web as LOD, these 

standards should be re-envisioned [40, 41]. 

The quality of bibliographic metadata depends on several factors including accuracy, 

completeness, logical consistency, provenance, coherence, timeliness, conformance and 

accessibility [85]. However, achieving these characteristics is challenging because of 

several reasons including cataloging errors; limited bibliographic control; 

misunderstanding the role of metadata; and “unwise” cataloging standards and policies 

[92]. To ensure high-quality and make data visible and reusable as Linked Data, the 

library community should contribute to developing and refining these standards and 

policies [40]. 

7.1.2 The Impact of the Social Web on Library Catalogs 

Besides the prospects of Linked and Open Data for libraries, Chapter 2 also identified the 

potential role of the Social Web (social metadata) in enriching library catalogs and 

highlighted the collaborative social aspect of cataloging. It was found that metadata is 

socially constructed and demands community-driven approaches by involving authors, 

repository managers, librarians, digital collection consortiums, publishers, vendors, and 

users [67, 99]. This is an emerging trend, which is gradually dissolving the borders 

between the “social sphere” and library resources to bridge the communication gap 

between libraries and users, where end-users contribute to the bibliographic descriptions 

resulting in a diversity of metadata and making it user-centric and usable [94, 101].  

Adopting a “mixed-metadata approach” by considering professional and social metadata 

complementary and essential for each other suggests a “paradigm shift” in the metadata’s 

future from simple to enriched; from human-readable data silos to machine-

understandable, well-structured, and reusable; from invisible and restricted to visible and 
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open; and from single OPAC to reconfigurable interfaces on the Web [100]. The Social 

Web has the potential to improve the current state of libraries and library catalogs and 

therefore ways must be found to make the social metadata an integral part of resource 

description efficiently and effectively. 

7.1.3 Understanding Book Readers on the Social Web 

Chapter 3 attempted to present a birds-eye-view to the overall progress of understanding 

the book search behavior of users on the Social Web by studying their interactions with 

the rich collection of professional and social metadata. It presented the current state of the 

Interactive SBS research by highlighting the commonalities and differences among iTrack, 

CHiCi, and iSBS tracks. It reported that these tracks share several commonalities in 

experiment structure, search system, datasets, logging, and data analysis, which represent 

the maturity of these IIR campaigns and therefore should be considered in designing future 

IIR experiments. However, at the same time, the heterogeneity of user groups, interfaces, 

and tasks make comparisons difficult, keeping us away from creating a stable baseline to 

study and understand the book search behavior of online users. The interpretational 

challenges observed in the iTrack 2004-10 by [115] can also be seen in the Interactive 

SBS research, where defining the appropriate unit of analysis is complicated. This makes 

it challenging to understand and interpret the book search behavior of users from the data 

collected through logging and questionnaires.  

Most of the user studies under the Interactive SBS 2014-16 find the multistage interface 

more useful with no significant “learning effects” both for focused and open tasks. The 

type of UI, as well as the type of task, affects the book search behavior of users 

significantly. However, the baseline and multistage UIs should offer all the required basic 

functionalities to understand their usefulness and impact on the search behavior. The 
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personal likes and dislikes of the users also dominate their book selection behavior [133]. 

They are moving from “browsing-based” retrieval to “mixed” retrieval strategies in which 

the search element is dominating significantly [123]. 

7.1.4 The Impact of the Social Web on Book Retrieval 

Chapter 4 presented the current state of the retrieval aspect of Social Book Search by 

carefully reviewing the selected publications. It contributed an evaluation framework to 

compare, evaluate and summarize the selected SBS solutions. The aim is to give a quick 

insight to the reader about the current state of the SBS research, identify the 

commonalities and differences in the proposed solutions, and discuss trends, challenges, 

and research opportunities. The findings and conclusions are briefly reported in the 

following paragraphs.  

Regarding document representation, it is found that indexing the social metadata or 

including it into the search index improves retrieval performance even if used in 

standard/classical IR [180, 206]. Social metadata performs better than other indexes [140]. 

It is useful in traditional subject search, known-item search, genre-related search, and any 

complex combination of these search tasks [97]. The majority of books can be suggested 

using tags and reviews [97, 206]. The social metadata is useful partly due to the popularity 

signal and partly from the term distribution, where terms relevant to the book appear more 

frequently in tags and reviews than in other metadata fields, and therefore, a book 

represented even with off-topic, misleading, and poorly written reviews can be better 

retrieved as relevant than using book title, subject headings, and author names [97]. Both 

user- and query-independent evidence is not sufficient for SBS where the evidence based 

on personal user preferences, is more effective than user-independent evidence that 

exploits quality and popularity [139]. Among the professional metadata, book titles are 
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more effective than author names and subject headings; BL/LOC subject headings are 

much better than Amazon subject headings; metadata fields including book titles, author 

names and subject headings having little term repetitions are less affected when term 

frequency is exploited [97]. The subject headings are more similar to tags than reviews, 

however, subject headings are more general leading to several books not relevant to the 

user information need, therefore, they can be considered when the user is interested in 

high recall, while for high precision, although, sometimes they are specific enough to lead 

to a single book [97]. This needs further analysis especially when keyword-based library 

catalogs are designed [97]. 

Neither tags nor controlled vocabularies (CV) are able to meet the complex information 

needs of the users. They improve performance if used together [17]. Regarding the 

relevance aspects supported by tags and CV in book search, unique tags better support CB, 

known-item, familiarity or socio-cultural aspects of relevance, whereas CVs better support 

engagement and accessibility [17]. The simple metadata-based retrieval baseline performs 

better than re-ranking using “pace,” or weighing up the appeal (pace) elements [191]. Re-

ranking top five to twenty items in the list produce good results [186]. The number of 

pages, ratings, and price do hold relevant information and therefore, should be included in 

the book [search and] recommendation [19, 188]. The diversity and temporal aspects 

(resource age, and signal date) improve CB retrieval performance [178]. Relevance, 

quality, timeliness, and diversity of the social signals benefit book retrieval, whereas 

“relevance” is more important [179]. 

In ranking and re-ranking the search results, reviews promote suggestions so that the topic 

creator can add them to their catalog, the number of reviews better indicates the popularity 

than tagging and the topic creator is more inclined to select a book for which multiple 
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reviews are available [139]. Helpful reviews are more useful than the average user rating 

[170]. The retrieval performance gets improved by taking into account the book likeliness 

based on ratings and usefulness based on ratings and helpful votes in re-ranking books 

compared to the SDM [203]. Tags and ratings perform better than helpful votes and total 

votes [19]. Among the quality priors, the ratings have little impact on performance, 

whereas BA rating is more effective than the others showing that ratings improve early 

precision and that topic creators are more interested in ratings during book selection. 

However, ratings do not reflect the quality of books significantly or in other words quality 

is perceived differently by different users [139]. The LGD model outperforms BM25F-

based fielded retrieval; using books as negative and positive examples in re-ranking results 

as well as relevance feedback degrades performance, and removing negative examples 

sometimes improves performance [193]. Combining the retrieval results of IR models 

(InL2, SDM) improves retrieval performance, whereas combining it with graph analysis 

by exploiting Amazon’s <similar products> further improves book retrieval and 

recommendation [147]. Social feature re-ranking and merging using L2R methods 

(especially Random Forests) both with and without PRF improve the retrieval 

performance [95, 141, 175, 183, 189]. Re-ranking using relevance feedback degrades the 

retrieval performance, integrating the non-social profile has a positive impact on the 

quality of retrieval however, the friendship relationships show no improvements in the 

retrieval performance [192]. 

Different query representations often carry the same signal, which may be due to the 

dominance of the same content terms in the query representations; however, improving 

upon the topic starter is difficult [14]. Combining compact representations of the topic 

starter and annotator may lead to an improved representation of the information needs and 
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may, therefore, improve retrieval performance [14]. The longer query representations 

enable the retrieval algorithms to find the matching documents easily. Social re-ranking 

helps in situations where users tend to use shorter queries [12]. The topic creators are more 

interested in serendipity (new and relevant) rather than books that are already known to 

them [12]. Running multiple topic fields improves performance than individual fields [97]. 

Running all-topics-fields against all-document-fields index improves retrieval 

performance [13]. These findings reflect that SBS supports the “Principle of Poly-

Representation [219].” Running queries that contain the <narrative> field against the 

index and using BM25F gives best results as the user information needs are sometimes 

better reflected in narrative fields [15]. The effective use of word embedding for query 

expansion gets affected significantly by the nature of queries [165]. The social network 

relations affect search performance when used in the query expansion [195]. 

7.1.5 The Baseline and Re-ranking Experiments 

The second and third objectives of this thesis were met in Part-II (Chapter 5 and 6) of this 

thesis, where the aim is to develop a strong classical book retrieval baseline by exploiting 

the contribution of query-document representation and weighting model and then re-rank 

the best-performing runs using metadata features to improve the relevance of search 

results. To achieve the first objective, the research proposal for this work originally 

proposed 72 baseline runs on a topics set that holds four topic fields including title, query, 

group, and narrative so that their different combinations could be exploited in query 

representation. However, during the course of the research, it was found that several recent 

studies [1, 18, 95, 177, 179] have performed their SBS retrieval experiments on multiple 

topics sets. Therefore, it was decided to use multiple topics sets but with a single change 

by experimenting only with 2011-12 and 2014-15 topics sets, with reasons and details in 
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Chapter 5 and 6. This extension resulted in 240 baseline retrieval runs on the original 

A/LT collection and 48 on its updated subset, presented in Appendix-A. The best-

performing runs on these topics sets and relevance judgments outperformed the baseline 

runs published in the relevant literature. 

After developing best-performing baseline runs, the next task was to re-rank them using 

professional and social metadata. However, the nature of the dataset allowed us to work 

only with the social metadata including ratings, tags, reviews, and votes, whereas the 

number of pages and price were kept for the future because of their missing values for 

many books. The re-ranking experiments contributed to the body of knwlege in the form 

of multi-featured fusion of metadata features using Equation 5.5 and 5.6. Re-ranking the 

selected forty-eight best-performing baseline runs on the A/LT collection (Table A.2) 

gives significant improvements over the baseline runs regarding nDCG@10, P@10, and 

MRR but not in terms of MAP and R@1000. Similarly, on the updated subset of the A/LT 

collection, we could not obtain any significant improvements regarding nDCG@10, MAP 

and MRR. A reduction, although not significant, was found in performance due to re-

ranking regarding P@10 and no change regarding R@1000. The proposed re-ranking 

experiments outperformed the existing runs on 2011-12 and stand at second and fifth 

positions on 2014 and 2015 topics sets, respectively among the best-performing SBS 

solutions. We plan to integrate the existing work with recommendations in a search-

recommendation hybrid solution that will bring more relevant results against the 

information needs of the users. Similarly, exploiting other topic fields e.g., <example>, 

<catalog>, etc., in recommendations may also improve the relevance of search results. 
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7.2 Future Research Directions 

Several researchers including the ones cited in this thesis agree that the bibliographic 

metadata supports mostly the known-item search and has little value to open and 

exploratory search. They believe that not only the collaborative social efforts of the 

cataloging community are essential but also the social metadata, which can be used to 

enrich bibliographic metadata and support exploration and serendipity. This is not only 

evident from the wider usage of LibraryThing and its LTFL service but also from the long-

tail SBS research where both professional and social metadata are exploited for retrieval 

and recommendation to support both known-item and exploratory search [2, 3, 5, 7]. This 

aspect should be considered for further research to make cataloging more useful for all the 

stakeholders including libraries, users, authors, publishers, and for the general 

consumption as Linked Data on the Web. 

The current trend of social collaborative cataloging efforts is essential to fully exploit the 

potential of Linked and Open Data. However, by looking closely, four groups can be 

found, which include librarians, Linked Data experts, IR and IIR researchers; and users, all 

going in separate ways with minimal collaboration and communication. More specifically, 

they are not benefiting from each other largely, which could result in better possibilities of 

resource description, discovery, and access. For example, the library community should 

consider the findings of SBS research, which have demonstrated that professional and 

social metadata, are essential for each other to facilitate end-users in finding more relevant 

books and support not only known-item search but also exploration and serendipity. The 

current practices of LibraryThing’s LTFL in specific and the Social Web in general 

advocate for user-centric cataloging, where users are not only the consumers of 

bibliographic descriptions but also the contributors to metadata enrichment. In this 



188 

 

 

Improving Social Book Search Using Structure Semantics, Bibliographic Descriptions and Social Metadata 

 

connection, the LOD experts have achieved significant milestones in other domains 

including, e.g., e-Government. The library community should adopt the best practices 

from these domains [84, 100] in making the bibliographic metadata not only visible as 

Linked Data on the Web but also shareable, re-usable, and beneficial to the end-users. The 

social collaborative cataloging approach by involving the four mentioned groups actively 

is significant to make bibliographic descriptions more useful not only for the library 

community and users but also for their general consumption on the Web. 

The comprehensive study on the search behavior of users in the Interactive SBS context 

leads to several future research avenues. The findings of the study suggest that several 

modifications and improvements are required in the search system, UI, and evaluation 

methodology including updating and enriching datasets and evaluation metrics. It is one of 

the significant challenges for Interactive SBS and IIR community to identify and establish 

a suitable infrastructure to support long-term Interactive IR studies [138]. The search 

system should offer an additional training step for newcomers to overcome the language 

barriers faced by non-native English speakers [138]. Also, a multi-lingual UI is necessary 

together with the ability of the search system to understand the syntax and semantics of 

natural languages for capturing the search query semantics and retrieving relevant books. 

This requirement invites researchers working in HCI, Usability, UI design, IR, Cross-

lingual IR, Semantic Web, Natural Language Processing, Libraries, and Information 

Science. Finally, the use of the User Engagement Scale and Factor Analysis are useful, 

other techniques including eye-tracking, screen capturing, and think-aloud protocols [115] 

may also be considered. 

Introducing and exploiting the full-text of books in SBS is challenging. They are huge and 

therefore are difficult to handle from storage, performance, and content point of view as 
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compared to text collections of moderate sizes [207, 209]. They are also subjected to 

copyright issues in making their full-text publicly viewable. The discussions on social 

book websites can be analyzed using bibliometric techniques for better understanding the 

search behavior of users and in finding relationships between books and readers to be 

exploited in IR for supporting complex book search tasks [213]. 

The most notable challenge is to not only find facts in books but to exploit them in 

generating new knowledge and identifying/analyzing ideas [207, 209]. Semantic Web 

technologies including ontologies and LOD should be exploited and considered in more 

detail. It is necessary that the searching solution not only finds the relevant books but also 

helps in making informed decisions by comparing books at different levels of semantics. 

By following [153], the A/LT collection along with book structure semantics could be 

exploited in a comprehensive social book ontology, which can be exploited in SBS 

retrieval solutions to meet the requirements of users and other stakeholders better.  

Many existing book retrieval solutions still use the classical IR models [206] and do not 

include the social metadata in their search index, which questions its usefulness in real 

settings. To fully exploit the benefits of social metadata, it should be made an integral part 

of the book retrieval process [97, 206] to better reflect and meet the information needs of 

the users. This way the terminology mismatch among library catalogers, indexers, patrons 

(who use standard terminologies to describe a resource in the form of professional 

metadata) and users (who describe a resource in free and ordinary text in the form of 

social metadata) could be mitigated [148]. The use of classical IR models in these systems 

keep them limited to topical relevance with the traditional query-response paradigm and 

therefore, do not include the user relevance [148]. IR is working fine without a relevance 

theory but defining an appropriate theory may bring many advances to the field [148]. The 
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SBS researchers should also work on developing such an IR theory. Relevance is 

becoming proprietary, i.e., as the algorithms and techniques used by major search engines 

are kept secret and therefore, (mostly) unknown to the research and development 

community [148]. Therefore, researchers working in IR [and SBS] should connect system 

design to users in a more direct and involved way, which requires connecting research 

findings of user- and system-side of relevance more pragmatically [148]. 

While developing the book details crawler for updating the A/LT collection, we faced 

several issues. We could update only 0.65m XML files for <dewey> and <description> 

and performed the second set of baseline and re-ranking experiments on this collection. 

The challenges in crawling explored the limitations of the existing SBS studies to use the 

outdated A/LT collection with fewer minor exceptions. The most suitable way for 

updating the A/LT corpus was to send the ISBNs of books in the A/LT collection to 

GoodReads and get the description field, but due to unsuccessful contact, it introduced a 

major deadlock in the experiments. Updating this collection using the metadata from Open 

Library together with freely available textual excerpts from publishers and book search 

engines is another opportunity that opens new SBS research avenues. It is also possible to 

develop a robust book crawler to bring the missing as well as additional details from the 

Web by visiting publisher and social book websites.  

This work experimented with three weighting models from Terrier IR platform [23-26] 

using the default configuration. The performance of the baseline runs could be improved 

further by tuning the weights and other parameters. Also, only five indexes were produced 

using the A/LT corpus compared to nine proposed in Chapter 5. Therefore, one viable 

solution is to create a new dataset or enrich the A/LT corpus to generate different types of 

indexes. Similarly, Terrier comes with more than ten IR models that can be exploited in 
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the baseline search experiments. This way, it is possible to come up with a stronger book 

retrieval baseline, which leads us to better conclusions regarding the impact of the Social 

Web on book retrieval. The re-ranking experiments performed in the second part of the 

thesis evaluated re-ranking only with the statistics coming from tags, ratings, reviews, and 

votes. However, as demonstrated in [16], there are several metadata features that can be 

exploited in re-ranking.  

7.3 Summary 

This chapter presented the conclusions, contributions and the main findings of this 

research work. It identified some future research directions regarding the possible 

exploitation of the Social Web in libraries, IIR studies especially Interactive SBS 

regarding understanding the search behavior of readers as well as the development of 

stronger book retrieval and re-ranking runs. This is the final chapter of this thesis, which is 

followed by references cited in this thesis and Appendix-A, which presents the baseline 

and re-ranking runs on the original and updated A/LT collection. Hopefully, readers will 

find the efforts in this work a significant contribution to the body of knowledge and will 

invite researchers to work in this future-proof area of Social Book Search for improving 

the search experiences of book readers on the Web.  
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Appendix-A: Details of the Baseline and 

Re-ranking Runs 

Table A.1 presents the results of the proposed baseline runs on A/LT collection by 

exploiting different query-document representations and weighting models on 2011-12 

and 2014-15 topics sets and relevance judgements. These combinations resulted in two 

hundred and forty baseline runs. Table A.2 selects the best-performing runs on each topics 

set for each type of index and retrieval model with best topic representation resulting in 

forty-eight runs. On each of these runs, re-ranking was performed and its results are given 

in the rows next to them. The aim is to conduct the significance tests for discussion & 

analysis in Section 6.3. The same forty-eight baseline and re-ranking runs are presented in 

Table A.3 for the updated subset of the A/LT collection. 

Table A.1: Baseline Retrieval Results on 2011, 2012, 2014 and 2015 Topics Sets 

S. No. Index Run-ID nDCG@10 P@10 MAP MRR R@1000 

2011 Topics Sets and Relevance Judgements 

1.  FT-

Index 

FT-index-BM25F-T 0.1504 0.0754 0.0491 0.1264 0.2800 

2.  FT-index-BM25F-TG 0.1344 0.0592 0.0392 0.1100 0.2574 

3.  FT-index-BM25F-TN 0.1864 0.1142 0.0647 0.2151 0.3278 

4.  FT-index-BM25F-TGN 0.1848 0.1147 0.0612 0.2046 0.3310 

5.  FT-index-BM25-T 0.1550 0.0834 0.0484 0.1551 0.2937 

6.  FT-index-BM25-TG 0.1360 0.0706 0.0384 0.1372 0.2664 

7.  FT-index-BM25-TN 0.1859 0.1194 0.0634 0.2214 0.3294 

8.  FT-index-BM25-TGN 0.1835 0.1156 0.0594 0.2129 0.3310 

9.  FT-index-TF-IDF-T 0.1550 0.0834 0.0484 0.1151 0.2939 

10.  FT-index-TF-IDF-TG 0.1354 0.0682 0.0379 0.1376 0.2659 

11.  FT-index-TF-IDF-TN 0.1838 0.1185 0.0633 0.2165 0.3245 

12.  FT-index-TF-IDF-TGN 0.1813 0.1142 0.0590 0.2075 0.3275 

13.  PM-

Index 

PM-index-BM25-T 0.2568 0.0910 0.0775 0.1793 0.5063 

14.  PM-index-BM25-TG 0.2611 0.0915 0.0806 0.1927 0.5057 

15.  PM-index-BM25-TN 0.3001 0.1872 0.1148 0.2779 0.5229 

16.  PM-index-BM25-TGN 0.3096 0.1867 0.1180 0.2909 0.5350 

17.  PM-index-TF-IDF-T 0.2628 0.0848 0.0794 0.1839 0.5176 
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S. No. Index Run-ID nDCG@10 P@10 MAP MRR R@1000 

18.  PM-index-TF-IDF-TG 0.2648 0.0886 0.0814 0.1985 0.5128 

19.  PM-index-TF-IDF-TN 0.3194 0.1962 0.1269 0.2937 0.5464 

20.  PM-index-TF-IDF-TGN 0.3307 0.1934 0.1296 0.3089 0.5642 

21.  SM-

Index 

SM-index-BM25-T 0.3928 0.1374 0.1482 0.1417 0.7199 

22.  SM-index-BM25-TG 0.4075 0.1531 0.1611 0.1547 0.7320 

23.  SM-index-BM25-TN 0.4742 0.2806 0.2289 0.4336 0.7310 

24.  SM-index-BM25-TGN 0.4904 0.3052 0.2383 0.4500 0.7582 

25.  SM-index-TF-IDF-T 0.3973 0.1507 0.1503 0.2265 0.7225 

26.  SM-index-TF-IDF-TG 0.4099 0.1530 0.1602 0.2569 0.7385 

27.  SM-index-TF-IDF-TN 0.4684. 0.2844 0.2275 0.4360 0.7132 

28.  SM-index-TF-IDF-TGN 0.4821 0.3024 0.2351 0.4447 0.7343 

29.  AM-

Index 

AM-index-BM25-T 0.3506 0.1327 0.1251 0.2055 0.6643 

30.  AM-index-BM25-TG 0.3653 0.1379 0.1363 0.1972 0.6875 

31.  AM-index-BM25-TN 0.3653 0.2654 0.2063 0.3729 0.6853 

32.  AM-index-BM25-TGN 0.4527 0.2768 0.2195 0.4059 0.7078 

33.  AM-index-TF-IDF-T 0.3945 0.1464 0.1466 0.2296 0.7344 

34.  AM-index-TF-IDF-TG 0.3978 0.1493 0.1488 0.2165 0.7367 

35.  AM-index-TF-IDF-TN 0.4719 0.2919 0.2324 0.4285 0.7187 

36.  AM-index-TF-IDF-TGN 0.4888 0.3081 0.2420 0.4594 0.7431 

37.  FT-

plus-

Index 

FT-plus-index-BM25F-T 0.1558 0.0749 0.0507 0.1294 0.2931 

38.  FT-plus-index-BM25F-TG 0.1457 0.0716 0.0458 0.1269 0.2759 

39.  FT-plus-index-BM25F-TN 0.2097 0.1223 0.0740 0.2252 0.3712 

40.  FT-plus-index-BM25F-TGN 0.2060 0.1156 0.0701 0.1990 0.3775 

41.  FT-plus-index-BM25-T 0.3504 0.1280 0.1250 0.2069 0.6635 

42.  FT-plus-index-BM25-TG 0.3651 0.1374 0.1350 0.1980 0.6884 

43.  FT-plus-index-BM25-TN 0.4340 0.2659 0.2059 0.3737 0.6858 

44.  FT-plus-index-BM25-TGN 0.4535 0.2749 0.2199 0.4099 0.7068 

45.  FT-plus-index-TF-IDF-T 0.3938 0.1427 0.1461 0.2324 0.7377 

46.  FT-plus-index-TF-IDF-TG 0.3976 0.1455 0.1485 0.2190 0.7369 

47.  FT-plus-index-TF-IDF-TN 0.4720 0.2938 0.2320 0.4318 0.7192 

48.  FT-plus-index-TF-IDF-TGN 0.4885 0.3104 0.2420 0.4554 0.7433 

2012 Topics Sets and Relevance Judgements 

49.  FT-

Index 

 

FT-index-BM25F-T 0.0829 0.0260 0.0189 0.0705 0.2348 

50.  FT-index-BM25F-TG 0.0753 0.0188 0.0165 0.0623 0.2171 

51.  FT-index-BM25F-TN 0.1231 0.0469 0.0347 0.1595 0.2557 

52.  FT-index-BM25F-TGN 0.1177 0.0458 0.0329 0.1618 0.2635 

53.  FT-index-BM25-T 0.0903 0.0323 0.0244 0.0970 0.2353 

54.  FT-index-BM25-TG 0.0847 0.0292 0.0234 0.0911 0.2200 

55.  FT-index-BM25-TN 0.1214 0.0448 0.0364 0.1603 0.2450 

56.  FT-index-BM25-TGN 0.1129 0.0438 0.0327 0.1454 0.2526 

57.  FT-index-TF-IDF-T 0.0902 0.0323 0.0244 0.0969 0.2353 

58.  FT-index-TF-IDF-TG 0.0842 0.0281 0.0233 0.0904 0.2200 

59.  FT-index-TF-IDF-TN 0.1200 0.0448 0.0360 0.1555 0.2447 

60.  FT-index-TF-IDF-TGN 0.1121 0.0448 0.0328 0.1452 0.2512 

61.  PM-

Index 

 

PM-index-BM25-T 0.1591 0.0594 0.0593 0.1397 0.4276 

62.  PM-index-BM25-TG 0.1616 0.0583 0.0612 0.1694 0.4228 

63.  PM-index-BM25-TN 0.1813 0.0687 0.0606 0.1967 0.4089 
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S. No. Index Run-ID nDCG@10 P@10 MAP MRR R@1000 

64.  PM-index-BM25-TGN 0.1858 0.0771 0.0623 0.1999 0.4273 

65.  PM-index-TF-IDF-T 0.1538 0.0531 0.0562 0.1213 0.4274 

66.  PM-index-TF-IDF-TG 0.1592 0.0542 0.0594 0.1581 0.4281 

67.  PM-index-TF-IDF-TN 0.1942 0.0729 0.0711 0.2100 0.4437 

68.  PM-index-TF-IDF-TGN 0.1959 0.0771 0.0719 0.2136 0.4502 

69.  SM-

Index 

SM-index-BM25-T 0.2108 0.0729 0.0787 0.1874 0.5681 

70.  SM-index-BM25-TG 0.2186 0.0760 0.0902 0.2351 0.5642 

71.  SM-index-BM25-TN 0.2817 0.1060 0.1157 0.3303 0.6017 

72.  SM-index-BM25-TGN 0.2800 0.1125 0.1173 0.3157 0.6764 

73.  SM-index-TF-IDF-T 0.2142 0.0792 0.0823 0.1991 0.5739 

74.  SM-index-TF-IDF-TG 0.2185 0.0792 0.0891 0.2306 0.5633 

75.  SM-index-TF-IDF-TN 0.2768 0.1115 0.1170 0.3248 0.5894 

76.  SM-index-TF-IDF-TGN 0.2807 0.1125 0.1198 0.3142 0.6096 

77.  AM-

Index 

AM-index-BM25-T 0.1964 0.0583 0.0717 0.1828 0.5225 

78.  AM-index-BM25-TG 0.2011 0.0708 0.0783 0.1897 0.5285 

79.  AM-index-BM25-TN 0.2482 0.0979 0.0916 0.2692 0.5490 

80.  AM-index-BM25-TGN 0.2544 0.1010 0.1027 0.2802 0.5574 

81.  AM-index-TF-IDF-T 0.2214 0.0740 0.0840 0.2192 0.5698 

82.  AM-index-TF-IDF-TG 0.2196 0.0781 0.0855 0.2113 0.5754 

83.  AM-index-TF-IDF-TN 0.2821 0.1167 0.1202 0.3191 0.5887 

84.  AM-index-TF-IDF-TGN 0.2827 0.1187 0.1214 0.3080 0.5967 

85.  FT-

plus-

Index 

FT-plus-index-BM25F-T 0.0900 0.0281 0.0192 0.0686 0.2251 

86.  FT-plus-index-BM25F-TG 0.0801 0.0240 0.0180 0.0678 0.2325 

87.  FT-plus-index-BM25F-TN 0.1248 0.0500 0.0377 0.1526 0.2664 

88.  FT-plus-index-BM25F-TGN 0.1201 0.0469 0.0356 0.1376 0.2729 

89.  FT-plus-index-BM25-T 0.1969 0.0573 0.0721 0.1878 0.5225 

90.  FT-plus-index-BM25-TG 0.2014 0.0719 0.0782 0.1903 0.5291 

91.  FT-plus-index-BM25-TN 0.2472 0.1000 0.0914 0.2650 0.5503 

92.  FT-plus-index-BM25-TGN 0.2550 0.1021 0.1030 0.2818 0.5577 

93.  FT-plus-index-TF-IDF-T 0.2203 0.0740 0.0831 0.2138 0.5694 

94.  FT-plus-index-TF-IDF-TG 0.2198 0.0792 0.0860 0.2114 0.5724 

95.  FT-plus-index-TF-IDF-TN 0.2814 0.1127 0.1195 0.3173 0.5503 

96.  FT-plus-index-TF-IDF-TGN 0.2829 0.1198 0.1214 0.3088 0.5577 

2014 Topics Sets and Relevance Judgements 

97.  FT-

Index 

 

FT-index-BM25F-T 0.0347 0.0076 0.0127 0.0288 0.0992 

98.  FT-index-BM25F-Q 0.0373 0.0075 0.0122 0.0342 0.1072 

99.  FT-index-BM25F-TQ 0.0404 0.0085 0.0145 0.0348 0.1121 

100.  FT-index-BM25F-TQG 0.0406 0.0082 0.0149 0.0372 0.1105 

101.  FT-index-BM25F-TQN 0.0508 0.0110 0.0197 0.0483 0.1336 

102.  FT-index-BM25F-TQGN 0.0519 0.0110 0.0199 0.0482 0.1348 

103.  FT-index-BM25-T 0.0367 0.0070 0.0141 0.0296 0.1040 

104.  FT-index-BM25-Q 0.0365 0.0078 0.0114 0.0315 0.1095 

105.  FT-index-BM25-TQ 0.0423 0.0082 0.0156 0.0357 0.1194 

106.  FT-index-BM25-TQG 0.0414 0.0076 0.0155 0.0332 0.1160 

107.  FT-index-BM25-TQN 0.0507 0.0115 0.0189 0.0474 0.1377 

108.  FT-index-BM25-TQGN 0.0516 0.0122 0.0193 0.0483 0.1377 

109.  FT-index-TF-IDF-T 0.0366 0.0070 0.0141 0.0295 0.1036 
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S. No. Index Run-ID nDCG@10 P@10 MAP MRR R@1000 

110.  FT-index-TF-IDF-Q 0.0363 0.0078 0.0113 0.0313 0.1097 

111.  FT-index-TF-IDF-TQ 0.0421 0.0082 0.0154 0.0348 0.1195 

112.  FT-index-TF-IDF-TQG 0.0413 0.0077 0.0155 0.0333 0.1161 

113.  FT-index-TF-IDF-TQN 0.0500 0.0107 0.0185 0.0468 0.1330 

114.  FT-index-TF-IDF-TQGN 0.0511 0.0116 0.0189 0.0482 0.1371 

115.  PM-

Index 

 

PM-index-BM25-T 0.0693 0.0153 0.0252 0.0532 0.2017 

116.  PM-index-BM25-Q 0.0727 0.0166 0.0258 0.0558 0.2053 

117.  PM-index-BM25-TQ 0.0826 0.0192 0.0298 0.0662 0.2353 

118.  PM-index-BM25-TQG 0.0824 0.0192 0.0293 0.0619 0.2390 

119.  PM-index-BM25-TQN 0.0955 0.0260 0.0344 0.0900 0.2488 

120.  PM-index-BM25-TQGN 0.0981 0.0269 0.0364 0.0906 0.2546 

121.  PM-index-TF-IDF-T 0.0701 0.0153 0.0247 0.0529 0.2025 

122.  PM-index-TF-IDF-Q 0.0751 0.0174 0.0263 0.0575 0.2096 

123.  PM-index-TF-IDF-TQ 0.0834 0.0189 0.0299 0.0667 0.2358 

124.  PM-index-TF-IDF-TQG 0.0868 0.0211 0.0311 0.0654 0.2484 

125.  PM-index-TF-IDF-TQN 0.1080 0.0298 0.0415 0.1027 0.2748 

126.  PM-index-TF-IDF-TQGN 0.1115 0.0295 0.0435 0.1077 0.2814 

127.  SM-

Index 

SM-index-BM25-T 0.1097 0.0262 0.0415 0.0892 0.2884 

128.  SM-index-BM25-Q 0.1117 0.0297 0.0383 0.0893 0.3002 

129.  SM-index-BM25-TQ 0.1327 0.0327 0.0508 0.1113 0.3371 

130.  SM-index-BM25-TQG 0.1437 0.0356 0.0580 0.1259 0.3518 

131.  SM-index-BM25-TQN 0.1839 0.0519 0.0816 0.1793 0.4027 

132.  SM-index-BM25-TQGN 0.1861 0.0525 0.0819 0.1773 0.4093 

133.  SM-index-TF-IDF-T 0.1111 0.0265 0.0423 0.0417 0.2902 

134.  SM-index-TF-IDF-Q 0.1144 0.0298 0.0403 0.0938 0.3058 

135.  SM-index-TF-IDF-TQ 0.1361 0.0351 0.0529 0.1156 0.3418 

136.  SM-index-TF-IDF-TQG 0.1452 0.0368 0.0579 0.1238 0.3561 

137.  SM-index-TF-IDF-TQN 0.1869 0.0539 0.0843 0.1839 0.4004 

138.  SM-index-TF-IDF-TQGN 0.1882 0.0543 0.0837 0.1800 0.4059 

139.  AM-

Index 

AM-index-BM25-T 0.0972 0.0232 0.0364 0.0784 0.2662 

140.  AM-index-BM25-Q 0.0966 0.0217 0.0332 0.0716 0.2718 

141.  AM-index-BM25-TQ 0.1165 0.0263 0.0462 0.0910 0.3010 

142.  AM-index-BM25-TQG 0.1191 0.0290 0.0474 0.0960 0.3097 

143.  AM-index-BM25-TQN 0.1581 0.0421 0.0730 0.1456 0.3580 

144.  AM-index-BM25-TQGN 0.1533 0.0420 0.0680 0.1387 0.3467 

145.  AM-index-TF-IDF-T 0.1111 0.0271 0.0430 0.0928 0.2907 

146.  AM-index-TF-IDF-Q 0.1129 0.0285 0.0400 0.0931 0.3068 

147.  AM-index-TF-IDF-TQ 0.1378 0.0351 0.0554 0.1177 0.3468 

148.  AM-index-TF-IDF-TQG 0.1491 0.0365 0.0637 0.1330 0.3614 

149.  AM-index-TF-IDF-TQN 0.1933 0.0561 0.0897 0.1905 0.4108 

150.  AM-index-TF-IDF-TQGN 0.1998 0.0573 0.0922 0.1938 0.4206 

151.  FT-

plus-

Index 

FT-plus-index-BM25F-T 0.0381 0.0073 0.0129 0.0288 0.1128 

152.  FT-plus-index-BM25F-Q 0.0398 0.0075 0.0128 0.0332 0.1177 

153.  FT-plus-index-BM25F-TQ 0.0423 0.0075 0.0149 0.0356 0.1240 

154.  FT-plus-index-BM25F-TQG 0.0423 0.0083 0.0149 0.0378 0.1236 

155.  FT-plus-index-BM25F-TQN 0.0569 0.0132 0.0218 0.0567 0.1495 

156.  FT-plus-index-BM25F-TQGN 0.0563 0.0131 0.0212 0.0562 0.1494 
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157.  FT-plus-index-BM25-T 0.0967 0.0231 0.0360 0.0761 0.2662 

158.  FT-plus-index-BM25-Q 0.0964 0.0213 0.0330 0.0721 0.2716 

159.  FT-plus-index-BM25-TQ 0.1153 0.0260 0.0454 0.0893 0.2987 

160.  FT-plus-index-BM25-TQG 0.1193 0.0292 0.0476 0.0969 0.3086 

161.  FT-plus-index-BM25-TQN 0.1582 0.0421 0.0730 0.1473 0.3573 

162.  FT-plus-index-BM25-TQGN 0.1529 0.0424 0.0676 0.1369 0.3469 

163.  FT-plus-index-TF-IDF-T 0.1111 0.0266 0.0432 0.0918 0.2909 

164.  FT-plus-index-TF-IDF-Q 0.1124 0.0282 0.0397 0.0910 0.3067 

165.  FT-plus-index-TF-IDF-TQ 0.1375 0.0347 0.0522 0.1178 0.3469 

166.  FT-plus-index-TF-IDF-TQG 0.1490 0.0359 0.0635 0.1323 0.3617 

167.  FT-plus-index-TF-IDF-TQN 0.1927 0.0558 0.0893 0.1900 0.4115 

168.  FT-plus-index-TF-IDF-TQGN 0.1976 0.0570 0.0907 0.1927 0.4219 

2015 Topics Sets and Relevance Judgements 

169.  FT-

Index 

 

FT-index-BM25F-T 0.0350 0.0112 0.0078 0.0284 0.1072 

170.  FT-index-BM25F-Q 0.0361 0.0101 0.0066 0.0320 0.1121 

171.  FT-index-BM25F-TQ 0.0382 0.0107 0.0073 0.0330 0.1162 

172.  FT-index-BM25F-TQG 0.0373 0.0101 0.0066 0.0318 0.1166 

173.  FT-index-BM25F-TQN 0.0457 0.0129 0.0106 0.0451 0.1283 

174.  FT-index-BM25F-TQGN 0.0472 0.0112 0.0104 0.0442 0.1349 

175.  FT-index-BM25-T 0.0361 0.0101 0.0098 0.0365 0.0983 

176.  FT-index-BM25-Q 0.0346 0.0118 0.0072 0.0266 0.1054 

177.  FT-index-BM25-TQ 0.0379 0.0112 0.0081 0.0291 0.1134 

178.  FT-index-BM25-TQG 0.0351 0.0101 0.0062 0.0224 0.1088 

179.  FT-index-BM25-TQN 0.0445 0.0135 0.0100 0.0398 0.1353 

180.  FT-index-BM25-TQGN 0.0462 0.0124 0.0098 0.0401 0.1403 

181.  FT-index-TF-IDF-T 0.0361 0.0101 0.0098 0.0365 0.0983 

182.  FT-index-TF-IDF-Q 0.0346 0.0118 0.0071 0.0266 0.1054 

183.  FT-index-TF-IDF-TQ 0.0383 0.0112 0.0084 0.0302 0.1134 

184.  FT-index-TF-IDF-TQG 0.0359 0.0107 0.0067 0.0238 0.1115 

185.  FT-index-TF-IDF-TQN 0.0444 0.0118 0.0100 0.0399 0.1333 

186.  FT--index-TF-IDF-TQGN 0.0461 0.0112 0.0097 0.0391 0.1418 

187.  PM-

Index 

 

PM-index-BM25-T 0.0778 0.0191 0.0247 0.0630 0.2135 

188.  PM-index-BM25-Q 0.0824 0.0191 0.0303 0.0706 0.2073 

189.  PM-index-BM25-TQ 0.0889 0.0191 0.0307 0.0744 0.2321 

190.  PM-index-BM25-TQG 0.0977 0.0264 0.0371 0.0942 0.2493 

191.  PM-index-BM25-TQN 0.1014 0.0275 0.0280 0.1065 0.2617 

192.  PM-index-BM25-TQGN 0.1073 0.0275 0.0312 0.1067 0.2763 

193.  PM-index-TF-IDF-T 0.0809 0.0197 0.0276 0.0671 0.2199 

194.  PM-index-TF-IDF-Q 0.0835 0.0202 0.0296 0.0731 0.2153 

195.  PM-index-TF-IDF-TQ 0.0919 0.0191 0.0319 0.0779 0.2452 

196.  PM-index-TF-IDF-TQG 0.0995 0.0281 0.0364 0.0958 0.2654 

197.  PM-index-TF-IDF-TQN 0.1091 0.0303 0.0308 0.1084 0.2812 

198.  PM-index-TF-IDF-TQGN 0.1153 0.0309 0.0347 0.1135 0.2939 

199.  SM-

Index 

SM-index-BM25-T 0.1179 0.0348 0.0381 0.0969 0.2819 

200.  SM-index-BM25-Q 0.1074 0.0309 0.0308 0.0786 0.2745 

201.  SM-index-BM25-TQ 0.1330 0.0382 0.0418 0.1086 0.3214 

202.  SM-index-BM25-TQG 0.1533 0.0466 0.0555 0.1581 0.3415 
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203.  SM-index-BM25-TQN 0.1701 0.0562 0.0522 0.1552 0.3883 

204.  SM-index-BM25-TQGN 0.1754 0.0562 0.0526 0.1610 0.4002 

205.  SM-index-TF-IDF-T 0.1168 0.0326 0.0374 0.0973 0.2783 

206.  SM-index-TF-IDF-Q 0.1090 0.0303 0.0311 0.0786 0.2807 

207.  SM-index-TF-IDF-TQ 0.1340 0.0393 0.0423 0.1080 0.3234 

208.  SM-index-TF-IDF-TQG 0.1541 0.0466 0.0557 0.1579 0.3469 

209.  SM-index-TF-IDF-TQN 0.1743 0.0590 0.0534 0.1610 0.3927 

210.  SM-index-TF-IDF-TQGN 0.1773 0.0584 0.0523 0.1662 0.4066 

211.  AM-

Index 

AM-index-BM25-T 0.0993 0.0281 0.0288 0.0836 0.2568 

212.  AM-index-BM25-Q 0.0971 0.0281 0.0331 0.0805 0.2354 

213.  AM-index-BM25-TQ 0.1206 0.0326 0.0430 0.1034 0.2847 

214.  AM-index-BM25-TQG 0.1334 0.0416 0.0510 0.1323 0.3054 

215.  AM-index-BM25-TQN 0.1423 0.0472 0.0418 0.1126 0.3494 

216.  AM-index-BM25-TQGN 0.1457 0.0438 0.0422 0.1080 0.3610 

217.  AM-index-TF-IDF-T 0.1114 0.0320 0.0373 0.0985 0.2777 

218.  AM-index-TF-IDF-Q 0.1126 0.0326 0.0367 0.0998 0.2678 

219.  AM-index-TF-IDF-TQ 0.1388 0.0376 0.0507 0.1239 0.3219 

220.  AM-index-TF-IDF-TQG 0.1542 0.0461 0.0610 0.1569 0.3429 

221.  AM-index-TF-IDF-TQN 0.1741 0.0612 0.0521 0.1581 0.4031 

222.  AM-index-TF-IDF-TQGN 0.1815 0.0601 0.0552 0.1656 0.4142 

223.  FT-

plus-

Index 

FT-plus-index-BM25F-T 0.0391 0.0112 0.0069 0.0312 0.1242 

224.  FT-plus-index-BM25F-Q 0.0365 0.0112 0.0065 0.0320 0.1135 

225.  FT-plus-index-BM25F-TQ 0.0372 0.0101 0.0063 0.0316 0.1170 

226.  FT-plus-index-BM25F-TQG 0.0366 0.0096 0.0061 0.0309 0.1147 

227.  FT-plus-index-BM25F-TQN 0.0525 0.0152 0.0121 0.0532 0.1416 

228.  FT-plus-index-BM25F-TQGN 0.0526 0.0140 0.0122 0.0533 0.1416 

229.  FT-plus-index-BM25-T 0.0988 0.0281 0.0284 0.0798 0.2566 

230.  FT-plus-index-BM25-Q 0.0967 0.0275 0.0330 0.0802 0.2335 

231.  FT-plus-index-BM25-TQ 0.1201 0.0315 0.0428 0.1026 0.2832 

232.  FT-plus-index-BM25-TQG 0.1344 0.0421 0.0522 0.1348 0.3037 

233.  FT-plus-index-BM25-TQN 0.1419 0.0466 0.0414 0.1123 0.3494 

234.  FT-plus-index-BM25-TQGN 0.1452 0.0444 0.0417 0.1068 0.3608 

235.  FT-plus-index-TF-IDF-T 0.1160 0.0320 0.0400 0.1002 0.2765 

236.  FT-plus-index-TF-IDF-Q 0.1112 0.0326 0.0357 0.0944 0.2671 

237.  FT-plus-index-TF-IDF-TQ 0.1382 0.0365 0.0505 0.1225 0.3210 

238.  FT-plus-index-TF-IDF-TQG 0.1540 0.0455 0.0611 0.1561 0.3425 

239.  FT-plus-index-TF-IDF-TQN 0.1744 0.0601 0.0527 0.1601 0.4027 

240.  FT-plus-index-TF-IDF-TQGN 0.1800 0.0584 0.0537 0.1669 0.4156 
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Table A.2: The Best-Performing Baseline and Re-ranking Runs on the Original A/LT 

Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  FT-index-BM25F-2011-TN 0.1864 0.1142 0.0647 0.2151 0.3278 

Re-FT-index-BM25F-2011-TN 0.1883 0.1185 0.0657 0.2301 0.3278 

2.  FT-index-BM25-2011-TN 0.1859 0.1194 0.0634 0.2214 0.3294 

Re-FT-index-BM25-2011-TN 0.1870 0.1223 0.0645 0.2266 0.3244 

3.  FT-index-TF-IDF-2011-TN 0.1838 0.1185 0.0633 0.2165 0.3245 

Re-FT-index-TF-IDF-2011-TN 0.1852 0.1227 0.0647 0.2221 0.3245 

4.  PM-index-BM25-2011-TGN 0.3096 0.1867 0.1180 0.2909 0.5350 

Re-PM-index-BM25-2011-TGN 0.3096 0.1867 0.1180 0.2905 0.5350 

5.  PM-index-TF-IDF-2011-TGN 0.3307 0.1934 0.1296 0.3089 0.5642 

Re-PM-index-TF-IDF-2011-TGN 0.3311 0.1942 0.1300 0.3092 0.5642 

6.  SM-index-BM25-2011-TGN 0.4904 0.3052 0.2383 0.4500 0.7582 

Re-SM-index-BM25-2011-TGN 0.4902 0.3052 0.2381 .04502 0.7582 

7.  SM-index-TF-IDF-2011-TGN 0.4821 0.3024 0.2351 0.4447 0.7343 

Re-SM-index-TF-IDF-2011-TGN 0.4821 0.3028 0.2350 0.4466 0.7343 

8.  AM-index-TF-IDF-2011-TGN 0.4888 0.3081 0.2420 0.4594 0.7431 

Re-AM-index-TF-IDF-2011-TGN 0.4888 0.3071 0.2419 0.4618 0.7431 

9.  AM-index-BM25-2011-TGN 0.4527 0.2768 0.2195 0.4059 0.7078 

Re-AM-index-BM25-2011-TGN 0.4527 0.2782 0.2194 0.4058 0.7078 

10.  FT-plus-index-TF-IDF-2011-TGN 0.4885 0.3104 0.2420 0.4554 0.7433 

Re-FT-plus-index-TF-IDF-2011-TGN 0.4884 0.3090 0.2418 0.4551 0.7433 

11.  FT-plus-index-BM25-2011-TGN 0.4535 0.2749 0.2199 0.4099 0.7068 

Re-FT-plus-index-BM25-2011-TGN 0.4531 0.2758 0.2196 0.4075 0.7086 

12.  FT-plus-index-BM25F-2011-TN 0.2097 0.1223 0.0740 0.2252 0.3712 

Re-FT-plus-index-BM25F-2011-TN 0.2117 0.1270 0.0755 0.2394 0.3712 

13.  FT-index-BM25-2012-TN 0.1214 0.0448 0.0364 0.1603 0.2450 

Re-FT-index-BM25-2012-TN 0.1264 0.0448 0.0397 0.1790 0.2450 

14.  FT-index-BM25F-2012-TN 0.1231 0.0469 0.0347 0.1595 0.2557 

Re-FT-index-BM25F-2012-TN 0.1347 0.0469 0.0405 0.1888 0.2557 

15.  FT-index-TF-IDF-2012-TN 0.1200 0.0448 0.0360 0.1555 0.2447 

Re-FT-index-TF-IDF-2012-TN 0.1252 0.0458 0.0394 0.1741 0.2447 

16.  PM-index-TF-IDF-2012-TGN 0.1959 0.0771 0.0719 0.2136 0.4502 

Re-PM-index-TF-IDF-2012-TGN 0.1961 0.0771 0.0719 0.2137 0.4502 

17.  PM-index-BM25-2012-TGN 0.1858 0.0771 0.0623 0.1999 0.4273 

Re-PM-index-BM25-2012-TGN 0.1859 0.0771 0.0623 0.2000 0.4273 

18.  SM-index-BM25-2012-TN 0.2817 0.1060 0.1157 0.3303 0.6017 

Re-SM-index-BM25-2012-TN 0.2813 0.1042 0.1154 0.3276 0.6017 

19.  SM-index-TF-IDF-2012-TGN 0.2807 0.1125 0.1198 0.3142 0.6096 

Re-SM-index-TF-IDF-2012-TGN 0.2826 0.1135 0.1203 0.3194 0.6096 

20.  AM-index-TF-IDF-2012-TGN 0.2827 0.1187 0.1214 0.3080 0.5967 

Re-AM-index-TF-IDF-2012-TGN 0.2824 0.1187 0.1211 0.3067 0.5967 

21.  AM-index-BM25-2012-TGN 0.2544 0.1010 0.1027 0.2802 0.5574 

Re-AM-index-BM25-2012-TGN 0.2537 0.1010 0.1022 0.2740 0.5574 

22.  FT-plus-index-TF-IDF-2012-TGN 0.2829 0.1198 0.1214 0.3088 0.5974 
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Re-FT-plus-index-TF-IDF-2012-TGN 0.2829 0.1198 0.1216 0.3093 0.5974 

23.  FT-plus-index-BM25-2012-TGN 0.2550 0.1021 0.1030 0.2818 0.5577 

Re-FT-plus-index-BM25-2012-TGN 0.2544 0.1021 0.1026 0.2767 0.5577 

24.  FT-plus-index-BM25F-2012-TN 0.1248 0.0500 0.0377 0.1526 0.2664 

Re-FT-plus-index-BM25F-2012-TN 0.1363 0.0479 0.0468 0.1837 0.2664 

25.  FT-index-BM25F-2014-TQGN 0.0519 0.0110 0.0199 0.0482 0.1348 

Re-FT-index-BM25F-2014-TQGN 0.0523 0.0110 0.0198 0.0510 0.1348 

26.  FT-index-BM25-2014-TQGN 0.0516 0.0122 0.0193 0.0483 0.1377 

Re-FT-index-BM25-2014-TQGN 0.0518 0.0126 0.0190 0.0503 0.1377 

27.  FT-index-TF-IDF-2014-TQGN 0.0511 0.0116 0.0189 0.0482 0.1371 

Re-FT-index-TF-IDF-2014-TQGN 0.0512 0.0121 0.0186 0.0496 0.1371 

28.  PM-index-TF-IDF-2014-TQGN 0.1115 0.0295 0.0435 0.1077 0.2814 

Re-PM-index-TF-IDF-2014-TQGN 0.1080 0.0295 0.0415 0.1026 0.2748 

29.  PM-index-BM25-2014-TQGN 0.0981 0.0269 0.0364 0.0906 0.2546 

Re-PM-index-BM25-2014-TQGN 0.0982 0.0268 0.0364 0.0907 0.2546 

30.  SM-index-TF-IDF-2014-TQGN 0.1882 0.0543 0.0837 0.1800 0.4059 

Re-SM-index-TF-IDF-2014-TQGN 0.1880 0.0543 0.0833 0.1806 0.4059 

31.  SM-index-BM25-2014-TQGN 0.1861 0.0525 0.0819 0.1773 0.4093 

Re-SM-index-BM25-2014-TQGN 0.1860 0.0527 0.0819 0.1771 0.4093 

32.  AM-index-TF-IDF-2014-TQGN 0.1998 0.0573 0.0922 0.1938 0.4206 

Re-AM-index-TF-IDF-2014-TQGN 0.1989 0.0573 0.0921 0.1939 0.4206 

33.  AM-index-BM25-2014-TQN 0.1581 0.0421 0.0730 0.1456 0.3580 

Re-AM-index-BM25-2014-TQN 0.1582 0.0423 0.0730 0.1457 0.3580 

34.  FT-plus-index-TF-IDF-2014-TQGN 0.1976 0.0570 0.0907 0.1927 0.4219 

Re-FT-plus-index-TF-IDF-2014-TQGN 0.1979 0.0565 0.0913 0.1921 0.4219 

35.  FT-plus-index-BM25-2014-TQN 0.1582 0.0421 0.0730 0.1473 0.3573 

Re-FT-plus-index-BM25-2014-TQN 0.1583 0.0418 0.0730 0.1477 0.3573 

36.  FT-plus-index-BM25F-2014-TQN 0.0569 0.0132 0.0218 0.0567 0.1495 

Re-FT-plus-index-BM25F-2014-TQN 0.0563 0.0140 0.0208 0.0573 0.1495 

37.  FT-index-BM25F-2015-TQGN 0.0472 0.0112 0.0104 0.0442 0.1349 

Re-FT-index-BM25F-2015-TQGN 0.0472 0.0107 0.0105 0.0441 0.1349 

38.  FT-index-BM25-2015-TQGN 0.0462 0.0124 0.0098 0.0401 0.1403 

Re-FT-index-BM25-2015-TQGN 0.0466 0.0129 0.0099 0.0407 0.1403 

39.  FT-index-TF-IDF-2015-TQGN 0.0461 0.0112 0.0097 0.0391 0.1418 

Re-FT-index-TF-IDF-2015-TQGN 0.0464 0.0118 0.0097 0.0394 0.1418 

40.  PM-index-TF-IDF-2015-TQGN 0.1153 0.0309 0.0347 0.1135 0.2939 

Re-PM-index-TF-IDF-2015-TQGN 0.1155 0.0309 0.0348 0.1136 0.2939 

41.  PM-index-BM25-2015-TQGN 0.1073 0.0275 0.0312 0.1067 0.2763 

Re-PM-index-BM25-2015-TQGN 0.1074 0.0275 0.0313 0.1069 0.2763 

42.  SM-index-TF-IDF-2015-TQGN 0.1773 0.0584 0.0523 0.1662 0.4066 

Re-SM-index-TF-IDF-2015-TQGN 0.1778 0.0590 0.0529 0.1691 0.4066 

43.  SM-index-BM25-2015-TQGN 0.1754 0.0562 0.0526 0.1610 0.4002 

Re-SM-index-BM25-2015-TQGN 0.1753 0.0562 0.0526 0.1608 0.4002 

44.  AM-index-TF-IDF-2015-TQGN 0.1815 0.0601 0.0552 0.1656 0.4142 

Re-AM-index-TF-IDF-2015-TQGN 0.1813 0.0601 0.0551 0.1654 0.4142 

45.  AM-index-BM25-2015-TQGN 0.1457 0.0438 0.0422 0.1080 0.3610 

Re-AM-index-BM25-2015-TQGN 0.1458 0.0444 0.0423 0.1079 0.3610 
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46.  FT-plus-index-TF-IDF-2015-TQGN 0.1800 0.0584 0.0537 0.1669 0.4156 

Re-FT-plus-index-TF-IDF-2015-TQGN 0.1816 0.0584 0.0551 0.1697 0.4156 

47.  FT-plus-index-BM25-2015-TQGN 0.1452 0.0444 0.0417 0.1068 0.3608 

Re-FT-plus-index-BM25-2015-TQGN 0.1452 0.0444 0.0417 0.1071 0.3608 

48.  FT-plus-index-BM25F-2015-TQGN 0.0526 0.0140 0.0122 0.0533 0.1416 

Re-FT-plus-index-BM25F-2015-TQGN 0.0532 0.0146 0.0124 0.0532 0.1416 

Table A.3: The Best-Performing Baseline and Re-ranking Runs on the Updated A/LT 

Collection 

S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

1.  FT-index-BM25F-2011-TN 0.0817 0.0867 0.0221 0.2232 0.1037 

Re_FT-index-BM25F-2011-TN 0.0817 0.0867 0.0221 0.2210 0.1037 

2.  FT-index-BM25-2011-TN 0.0821 0.0853 0.0225 0.2057 0.1076 

Re_FT-index-BM25-2011-TN 0.0821 0.0858 0.0225 0.2060 0.1076 

3.  FT-index-TF-IDF-2011-TN 0.0807 0.0778 0.0215 0.2054 0.1057 

Re_FT-index-TF-IDF-2011-TN 0.0811 0.0853 0.0222 0.2057 0.1057 

4.  PM-index-BM25-2011-TGN 0.0995 0.1152 0.0308 0.2494 0.1182 

Re_PM-index-BM25-2011-TGN 0.0995 0.1147 0.0308 0.2494 0.1182 

5.  PM-index-TF-IDF-2011-TGN 0.1028 0.1128 0.0316 0.2522 0.1224 

Re_PM-index-TF-IDF-2011-TGN 0.1028 0.1142 0.0316 0.2521 0.1224 

6.  SM-index-BM25-2011-TGN 0.1485 0.1815 0.0546 0.3746 0.1518 

Re_SM-index-BM25-2011-TGN 0.1483 0.1820 0.0542 0.3722 0.1518 

7.  SM-index-TF-IDF-2011-TGN 0.1468 0.1777 0.0539 0.3729 0.1478 

Re_SM-index-TF-IDF-2011-TGN 0.1468 0.1782 0.0539 0.3732 0.1478 

8.  AM-index-BM25-2011-TGN 0.1419 0.1730 0.0503 0.3454 0.1555 

Re_AM-index-BM25-2011-TGN 0.1419 0.1725 0.0503 0.3453 0.1555 

9.  AM-index-TF-IDF-2011-TGN 0.1478 0.1791 0.0536 0.3738 0.1523 

Re_AM-index-TF-IDF-2011-TGN 0.1475 0.1806 0.0534 0.3718 0.1523 

10.  FT-plus-index-BM25F-2011-TN 0.0806 0.0943 0.0214 0.1992 0.1030 

Re-FT-plus-index-BM25F-2011-TN 0.0801 0.0938 0.0210 0.1975 0.1030 

11.  FT-plus-index-BM25-2011-TGN 0.1414 0.1678 0.0500 0.3374 0.1558 

Re_FT-plus-index-BM25-2011-TGN 0.1414 0.1682 0.0500 0.3407 0.1558 

12.  FT-plus-index-TF-IDF-2011-TGN 0.1475 0.1810 0.0535 0.3697 0.1529 

Re_FT-plus-index-TF-IDF-2011-TGN 0.1475 0.1815 0.0535 0.3696 0.1529 

13.  FT-index-BM25F-2012-TN 0.1228 0.0385 0.0396 0.1615 0.2688 

Re_FT-index-BM25F-2012-TN 0.1228 0.0385 0.0396 0.1617 0.2688 

14.  FT-index-BM25-2012-TN 0.1184 0.0417 0.0384 0.1438 0.2629 

Re_FT-index-BM25-2012-TN 0.1184 0.0417 0.0384 0.1438 0.2629 

15.  FT-index-TF-IDF-2012-TN 0.1172 0.0417 0.0378 0.1400 0.2631 

Re_FT-index-TF-IDF-2012-TN 0.1176 0.0438 0.0380 0.1411 0.2631 

16.  PM-index-BM25-2012-TGN 0.1395 0.0635 0.0560 0.1989 0.2972 

Re_PM-index-BM25-2012-TGN 0.1395 0.0625 0.0561 0.1992 0.2972 

17.  PM-index-TF-IDF-2012-TGN 0.1430 0.0635 0.0594 0.2018 0.3021 

Re_PM-index-TF-IDF-2012-TGN 0.1430 0.0635 0.0595 0.2016 0.3021 

18.  SM-index-BM25-2012-TN 0.2158 0.1031 0.0912 0.2816 0.3918 
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S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

Re_SM-index-BM25-2012-TN 0.2161 0.1042 0.0916 0.2826 0.3916 

19.  SM-index-TF-IDF-2012-TGN 0.2144 0.1073 0.0947 0.2784 0.3982 

Re_SM-index-TF-IDF-2012-TGN 0.2145 0.1073 0.0948 0.2789 0.3982 

20.  AM-index-BM25-2012-TGN 0.2058 0.1031 0.0885 0.2654 0.3976 

Re_AM-index-BM25-2012-TGN 0.2057 0.1021 0.0886 0.2655 0.3976 

21.  AM-index-TF-IDF-2012-TGN 0.2166 0.1125 0.0966 0.2865 0.3977 

Re_AM-index-TF-IDF-2012-TGN 0.2165 0.1125 0.0966 0.2867 0.3977 

22.  FT-plus-index-BM25F-2012-TN 0.1157 0.0438 0.0376 0.1418 0.2671 

Re_FT-plus-index-BM25F-2012-TN 0.1157 0.0438 0.0375 0.1419 0.2671 

23.  FT-plus-index-BM25-2012-TGN 0.2029 0.1021 0.0850 0.2707 0.4019 

Re_FT-plus-index-BM25-2012-TGN 0.2029 0.1021 0.0850 0.2705 0.4019 

24.  FT-plus-index-TF-IDF-2012-TGN 0.2141 0.1146 0.0938 0.2864 0.4033 

Re_FT-plus-index-TF-IDF-2012-TGN 0.2140 0.1146 0.0936 0.2860 0.4033 

25.  FT-index-BM25F-2014-TQGN 0.0636 0.0155 0.0242 0.0674 0.1607 

Re_FT-index-BM25F-2014-TQGN 0.0637 0.0155 0.0243 0.0678 0.1607 

26.  FT-index-BM25-2014-TQGN 0.0636 0.0155 0.0237 0.0668 0.1634 

Re_FT-index-BM25-2014-TQGN 0.0637 0.0153 0.0237 0.0671 0.1634 

27.  FT-index-TF-IDF-2014-TQGN 0.0626 0.0153 0.0234 0.0662 0.1616 

Re_FT-index-TF-IDF-2014-TQGN 0.0628 0.0155 0.0235 0.0664 0.1616 

28.  PM-index-BM25-2014-TQGN 0.0744 0.0211 0.0273 0.0745 0.1858 

Re_PM-index-BM25-2014-TQGN 0.0744 0.0211 0.0273 0.0745 0.1858 

29.  PM-index-TF-IDF-2014-TQGN 0.0814 0.0246 0.0300 0.0877 0.2011 

Re_PM-index-TF-IDF-2014-TQGN 0.0815 0.0247 0.0301 0.0880 0.2011 

30.  SM-index-BM25-2014-TQGN 0.1465 0.0485 0.0584 0.1510 0.3169 

Re_SM-index-BM25-2014-TQGN 0.1465 0.0485 0.0584 0.1508 0.3169 

31.  SM-index-TF-IDF-2014-TQGN 0.1483 0.0496 0.0591 0.1544 0.3187 

Re_SM-index-TF-IDF-2014-TQGN 0.1483 0.0497 0.0591 0.1545 0.3187 

32.  AM-index-BM25-2014-TQN 0.1282 0.0387 0.0511 0.1278 0.2959 

Re_AM-index-BM25-2014-TQN 0.1281 0.0385 0.0152 0.1271 0.2959 

33.  AM-index-TF-IDF-2014-TQGN 0.1519 0.0515 0.0628 0.1593 0.3183 

Re_AM-index-TF-IDF-2014-TQGN 0.1518 0.0515 0.0626 0.1589 0.3183 

34.  FT-plus-index-BM25F-2014-TQN 0.0652 0.0150 0.0248 0.0697 0.1630 

Re_FT-plus-index-BM25F-2014-TQN 0.0654 0.0150 0.0249 0.0703 0.1630 

35.  FT-plus-index-BM25-2014-TQN 0.1288 0.0388 0.0526 0.1273 0.2943 

Re_FT-plus-index-BM25-2014-TQN 0.1288 0.0391 0.0526 0.1275 0.2943 

36.  FT-plus-index-TF-IDF-2014-TQGN 0.1550 0.0518 0.0651 0.1654 0.3217 

Re_FT-plus-index-TF-IDF-2014-

TQGN 

0.1550 0.0516 0.0651 0.1647 0.3217 

37.  FT-index-BM25F-2015-TQGN 0.0652 0.0202 0.0181 0.0749 0.1643 

Re_FT-index-BM25F-2015-TQGN 0.0652 0.0202 0.0181 0.0750 0.1643 

38.  FT-index-BM25-2015-TQGN 0.0639 0.0197 0.0168 0.0778 0.1646 

Re_FT-index-BM25-2015-TQGN 0.0640 0.0197 0.0169 0.0778 0.1646 

39.  FT-index-TF-IDF-2015-TQGN 0.0618 0.0197 0.0165 0.0730 0.1561 

Re_FT-index-TF-IDF-2015-TQGN 0.0619 0.0202 0.0166 0.0731 0.1561 

40.  PM-index-BM25-2015-TQGN 0.0792 0.0236 0.0232 0.0948 0.1874 

Re_PM-index-BM25-2015-TQGN 0.0792 0.0236 0.0232 0.0948 0.1874 

41.  PM-index-TF-IDF-2015-TQGN 0.0848 0.0292 0.0250 0.1028 0.1932 
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S. No. Run-ID nDCG@10 P@10 MAP MRR R@1000 

Re_PM-index-TF-IDF-2015-TQGN 0.0850 0.0298 0.0251 0.1031 0.1932 

42.  SM-index-BM25-2015-TQGN 0.1460 0.0573 0.0443 0.1757 0.3092 

Re_SM-index-BM25-2015-TQGN 0.1457 0.0579 0.0440 0.1743 0.3092 

43.  SM-index-TF-IDF-2015-TQGN 0.1468 0.0601 0.0451 0.1778 0.3111 

Re_SM-index-TF-IDF-2015-TQGN 0.1467 0.0601 0.0450 0.1778 0.3111 

44.  AM-index-BM25-2015-TQGN 0.1279 0.0455 0.0381 0.1287 0.2936 

Re_AM-index-BM25-2015-TQGN 0.1279 0.0449 0.0380 0.1287 0.2936 

45.  AM-index-TF-IDF-2015-TQGN 0.1504 0.0590 0.0487 0.1816 0.3116 

Re_AM-index-TF-IDF-2015-TQGN 0.1505 0.0590 0.0487 0.1817 0.3116 

46.  FT-plus-index-BM25F-2015-TQGN 0.0691 0.0208 0.0213 0.0820 0.1678 

Re_FT-plus-index-BM25F-2015-

TQGN 

0.0693 0.0208 0.0214 0.0830 0.1678 

47.  FT-plus-index-BM25-2015-TQGN 0.1280 0.0461 0.0378 0.1340 0.2923 

Re_FT-plus-index-BM25-2015-TQGN 0.1280 0.0461 0.0379 0.1340 0.2923 

48.  FT-plus-index-TF-IDF-2015-TQGN 0.1523 0.0579 0.0492 0.1845 0.3147 

Re_FT-plus-index-TF-IDF-2015-

TQGN 

0.1523 0.0567 0.0490 0.1837 0.3147 
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