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Abstract

The daily lives of researchers have been influenced in many ways by technological

developments, especially mobile technology. Nevertheless, little attention has been

paid to the formal adaptation of mobile technology into scientific research. iScholar,

a mobile information retrieval support and recommender system for supporting re-

search activities, is presented. The objective of this thesis is to integrate the latest,

particularly mobile, technology when building effective research tools. Ubiquitously

available connectivity and new features of mobile devices make it possible to create

more flexible and portable research support systems. As a result, advanced research

support systems will bring more efficiency and convenience when conducting scien-

tific research. Web-based support systems are studied related to two dimensions -

application and technology, and the same applies to mobile-based support systems.

As such, the structure of this thesis consists of two parts - scientific research as an

application domain and mobile technology as a technology dimension.

Three research frameworks that are taken from previous studies are reviewed to

understand the application domain. One particular framework, the research cycle, is

selected for further consideration. Possible mobile support for each step of the chosen

framework is identified. The second part of the thesis addresses the technical details

of how the system is designed and implemented. Literature review is considered as

one of the most important research activities because it influences every aspect of the
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research process. Therefore, iScholar supports most steps of performing a literature

review, such as searching and filtering resource databases, getting paper recommen-

dations to read, and getting conferences/journals recommendations to target. The

main functionalities of the proposed system are to retrieve publications as relevant as

possible, recommend related papers to read, and recommend conferences to attend

or submit papers to. By providing a useful tool, it is hoped that the system saves

researcher’s time and energy in carrying out research.
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Chapter 1

Introduction

The evolution of mobile technology has improved and supported daily activities in

various ways. Likewise, with all the capabilities mobile technology offers, it promises

to change the way of conducting academic research as well. Mobile devices, appli-

cations, and services have provided new ways of accessing and collecting data for

researchers [34]. Yet few studies have explored mobile technology for scientific re-

search. This research has been inspired by the WSS (Web-based Support Systems)

and RSS (Research Support Systems) [72, 75]. I suggest that it is viable to extend

the existing Web-based support systems and apply the new technology in building

research support systems. While mobile devices include tablets, cell phones, audio

players, and any other devices that are connected wirelessly, this thesis focuses on

smartphones that have Internet capability and run on an operating system.

Research is a broad concept that could be used in different contexts. In this

thesis “research” refers to scientific research (also scholarly research and academic

research), which is a systemic way of finding answers to specific questions [9, 20, 33].

Kerlinger [47] established scientific research as “systematic, controlled, empirical, and

critical investigation of hypothetical propositions about the presumed relations among

natural phenomena.” Research is a highly intensive human activity [75]. It may be
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difficult to formulate research procedures formally and provide holistic computational

support [46, 75]. Even so, there exist some lessons and experiences that could be

learned by new technologies, and it is feasible to support those parts of the research

process.

With the fastest growing number of articles being published every year, scientific

research requires significant effort to be up-to-date. Not only that, finding appro-

priate publications is dependent upon personal expertise or occurs in a somewhat

unsystematic way, i.e., manually opening all the retrieved search results or refining

search terms until satisfied. One of the biggest challenges in this information age

is the information overload problem [6, 42]. By applying intelligent methods and

Web-based technologies, information retrieval support systems help people reduce

the amount of work required to define their information needs and evaluate retrieved

results [40].

Recommender systems perform an integral part of reducing the information over-

load problem as well. Recommender systems (RSs) are software tools and tech-

niques suggesting items that might be of interest to users. [64]. RSs assist decision-

making processes, such as which movies to watch or what items to buy among many

choices [64]. In that way, the number of items to be reviewed by humans decreases

significantly. In the context of research activities, the items could include recom-

mending literature to read, related conferences to attend, or appropriate experts to

contact [8]. The proposed system might help researchers by providing personalized

recommendations based on one’s research interests, as well as reading histories and

reflections. The system recommends which research publications are more relevant

to one’s study or what kinds of conferences one could possibly submit to or attend.

In this thesis I cover the adaptation of mobile technology with the purpose of

producing more flexibility and portability to support systems. According to a Google
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survey in 2013 [32], over half of the US population now owns a smartphone and two

thirds of the owners access the Internet through smartphones on a daily basis. The

expectation is that mobile devices will probably soon overtake the personal comput-

ers as the most common platform [53]. However, many scholarly sites still do not

provide mobile versions of their services, even though some fee-based services offer

them. The proposed system, iScholar, is a new mobile system designed for academic

researchers who are accustomed to online journal searching systems, but looking for

more portable systems. It extends the online systems’ availability to the mobile en-

vironment. Special requirements and challenges of mobile research support systems

are analyzed and ways to possibly satisfy those requirements are suggested.

1.1 Motivations and Considerations

Web-based support systems (WSS) are a new multidisciplinary research area that

deals with multiple application domains on the basis of Web technology [72]. In the

technology dimension, WSS make the best use of the Web as the common platform,

medium and interface [72]. On the other hand, from the application dimension per-

spective, WSS are evolutions of existing support systems into Web systems [48]. For

example, if the Web technology is utilized to support the medical application domain,

the systems can then be called Web-Based Medical Support Systems (WMSS) [48].

Web-based research support systems (WRSS) are the systems that support and

improve research capacity, quality and productivity with Web technology [72, 43, 75].

According to Yao’s classification [72], which defined a general level of WSS research

as the study of WSS operations and support facilities, WRSS can be understood as a

combination of the scientific research domain (an operation) plus the Web technology

3



(a support facility). The support facilities are studied in terms of functional possibil-

ities that computer science could offer, whereas the study of operations brings deeper

understanding of the WSS domains [48]. As the name suggests, the main technolog-

ical concern of WRSS is the Web as a support facility. An extension on technology

dimensions may provide better support to any applicable domain. Therefore, I de-

cided to integrate mobile technology into the support systems in order to extend the

support facility from the Web to mobile, intuitively naming it Mobile Research Sup-

port Systems (MRSS) [48]. For the complete comprehension of the MRSS, both the

scientific research domain (application dimension) and mobile technology (technology

dimension) will be investigated in this thesis.

Almost every step of research activities can be aided by new technologies [46, 75].

Below I divide current uses of WRSS into three categories. The main objectives of

the systems listed below are to support and improve research productivity [43]. Such

systems will support scientists in finding relevant information, choosing the right

research directions, and delivering productive results.

Exploring/retrieval - Exploring/retrieval of previous studies is performed in every

stage of research [60]. One finds research-worthy ideas from literature in the

early stage of research. One might even search through literature during imple-

mentation and writing stages. Information explorations differ from retrieval in

that explorations browse the Web/databases with less concrete direction while

retrieval looks for information in a specific context [46]. Examples of this cate-

gory are online libraries and information retrieval support systems [75].

Reading - Reading is unavoidable in doing research, since research is built on prior

findings [12, 60]. It can range from highlighting important findings to making

comparative article summaries [46]. Reading support systems assist in mapping
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and managing relevant materials. For instance, a reading support system will

allow for making bookmarks, as well as adding notes and links from different

articles [75].

Writing - The use of appropriate languages, formal structures, and precise citations

are required for academic writing [46]. Word processors and bibliographic man-

agement systems support researchers’ writing activity. Future enhancement of

writing support systems would be a system that recommends references auto-

matically based on written text [75].

Tang et al. [43] argued that “The design and the implementation of viable Research

Support Systems (RSS) depend on a clear understanding the research activities and

process.[sic]” The understanding of research steps gives deeper understanding of sup-

port systems [17, 75]. For these reasons, I will first investigate three different research

frameworks taken from previous studies. An appropriate framework will be selected

to determine what kinds of research activities could be assisted. The one that is

most understandable and intuitive will be selected. Sub-steps of the framework will

be reviewed in detail to get an idea of how mobile technology can be used for each

sub-step.

Exploring/retrieval support may be considered one of the most crucial because car-

rying out research inevitably involves researchers in a significant amount of searching

and reading literature [12, 60]. O’Leary [60] drew up a list of working with literature

over the whole research process: “choosing your research topic, developing your ques-

tion, arguing your rationale, informing your work with theory, designing method, and

primary data source.” At each stage, literature might establish or change the direc-

tion of research. It is hoped that the proposed system might be a readily accessible

tool for researchers to find relevant information with less effort.

5



Since there is relatively little understanding of mobile research support systems [5,

13, 18], there are a number of challenging issues that need to be considered including:

1. What would be the user scenarios when researchers are actually doing their

research? Electronic resources such as journals and newspapers have been over-

whelmingly increasing. How researchers could find appropriate resources and

how computer systems could possibly support their effective findings?

2. Since it is not realistic for a system to support every aspect of research activity,

it is therefore necessary to identify the more important research activities and

functional possibilities of support systems. Since research is a combination of

human-intense activities, what activities could be automated and what activities

could not?

3. The technology mainly concerned in this study is mobile technology. What

are the characteristics of mobile devices when they are utilized in this domain?

What are the considerations when designing mobile research support systems?

4. Since the filtering and recommending of information procedures are complicated

due to multiple aspects of the domain, is the traditional way of doing tasks still

applicable? Are there more appropriate filtering and recommending techniques

for supporting scientific research?

5. What would be the main characteristic that researchers want to derive from

support systems? Some might prefer high performance, for instance fast re-

turned information. Others might want to gather information with multiple

languages/geographic locations. If the recommendations are the ones that the

users want, how could the systems adapt to user feedback?

6



6. Using social media for research is an important trend as professional network-

ing tools (e.g., Linkedin1) and social-citation sharing tools (e.g., CiteULike2)

become known. What does social media via mobile mean for researchers and

how would such tools help researchers to manage information overload?

The above list is not exhaustive. This thesis, for the most part, will only address

the first three issues and slightly discuss the fourth. This thesis particularly proposes

a mobile research support system for exploring/retrieval support and explores the

functional possibilities.

Existing mobile tools intended for literature searching - iResearch3, Sciverse Sco-

pus Alerts4, and Scholar Droid5 - are surveyed and their limitations are considered.

For instance, iResearch only provides a limited range of publications, and Scholar

Droid does not provide full mobile interfaces - selecting an item of returned search

result takes users to enter the publishers’ website that may not be a mobile site. How

the proposed system will tackle such limitations is proposed as follows.

• To provide a wide range of search results: the search results will be from multiple

databases and various sources.

• To introduce new features: the system suggests new features such as provid-

ing more personalized publication recommendations or recommending confer-

ences/journals to submit/attend.

• To reduce the physical restrictions: users can access academic resources when-

ever and wherever they want as long as the application is connected to the

Internet. Users also can read downloaded papers off-line.

• To enhance user experience: the system serves a dedicated user interface for

mobile systems.
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Chapter 2

Research Frameworks

To determine what kinds of research activities iScholar could assist, it may be

useful to begin with defining the research and research processes. Research needs

to be distinguished from merely information gathering or re-organization of data [9].

Integral parts of research are to “interpret” the collected data and gain potential new

insights [12, 20, 33]. Leedy and Ormrod [50] defined formal research as “in which we

intentionally set out to enhance our understanding of a phenomenon and expect to

communicate what we discover to the larger scientific community.” The new insights

could be gained through the researcher’s personal experience, but it is more typical

that the insights are attained through literature such as academic books or journals,

namely literature review [60].

In his book, Anderson [3] gave a general description that “All research involves

certain common elements such as defining the questions, reviewing the literature,

planning the methodology, collecting and analyzing data, and disseminating findings.”

Even though there are common elements in the research process, it is important to

note that not every individual research project follows the same sequence. Research

methods and steps vary depending on academic domains and disciplines with no

absolute classifications [60]. To start off, three different types of research frameworks
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from previous studies are introduced for a concrete understanding of research and

research processes. Furthermore, one framework for further investigation is selected

in this chapter.

2.1 The Research Cycle

Leedy and Ormrod [50] established a general research process as a cyclic step, as seen

in Figure 2.1. The cycle begins with an idea, which then is refined to a concrete

research problem [46]. In the research cycle, a researcher plays the role of producing

information. It requires a researcher to establish a question and create his/her own

answer(s). Cycling back repeatedly is the nature of discovery of knowledge because it

is inevitable that the questions and plans will be revised and reconsidered throughout

the process [9, 12]. It is not possible for a researcher to know every phenomenon in

the universe. Therefore enquiries and disproofs towards existing knowledge continue.

When an enquiry arises, there is a statement(s) to be proved. Such statement(s)

turns into a potential hypothesis to be verified or solved through research.

The research process forms a cycle and follows developmental steps:

Figure 2.1: The research cycle (Source: [50])

9



1. Research begins with a problem: personal observations or experiences could

form a tentative research idea at the first stage of research. The idea might be

uncertain at the beginning, yet it has to be meaningful and realistic for one’s

study [20]. In general, it is desired to be a problem that an internalized topic

based on one’s accumulated knowledge.

2. Defining the goal: after considering the matter from various angles (feasibility

study) a clearly stated research objective (an hypothesis or assumption) is de-

fined in this step. The objective needs to be clear, detailed, and concise enough

to explain the research and include key words that represent the study.

3. Subdividing the problem: viewing the problem through its subproblems helps

researchers to get a clearer idea to approach the research. Each subproblem

should not exceed the coverage of the main problem, as well as each covers

significant areas of the main problem [50].

4. Tentative solutions: verifications for each sub-problem are conducted. Solutions

to problems are tentative and to be judged by their usefulness.

5. Collecting and organizing data: experiments are conducted, and underpinning

data for the tentative solutions is gathered and processed.

6. Interpreting the meaning of the data: the tentative hypothesis is either sup-

ported or rejected by the data.

Additional or new problems may emerge at the end of the cycle. One may start

over from the beginning of the cycle or start a new research cycle with the newly

established problem(s).
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2.2 The Problem-Based Research

Ellis and Levy [21] placed a well-defined, research-worthy problem statement as the

most important point on their Problem-based research. It views finding a worthy

problem as the center of the framework and the starting point. They also stated

that significant results are produced based on a well-articulated, well-supported, and

well-argued problem. Figure 2.2 illustrates the problem-based research cycle. It also

shows the interaction between the problem and the other elements of research.

Figure 2.2: The problem-based research cycle (Source: [21])

Research starts with asking why the research is being conducted. Objects of

scientific study are infinite and defining a subject is very important in many different

fields. Only after a problem is proposed, can a subject be selected and a title of the

study be established. By far the most important thing for researchers to do is to set

up a question [50]. According to Kerlinger and Lee [47],“...adequate statement of the

research problem is one of the most important parts of research.” A noteworthy and

meaningful problem leads to solid conclusions [20].

Research goals explain the intentions of research in addressing the problem. They
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answer the question “what does the study do?” Research develops theories by shaping

rules to explain why or how a phenomenon happens. Also theories do not stay the

same but keep progressing through small contributions from each study. The research

eventually contributes to explain/operate/predict a phenomenon, connects an inde-

pendent phenomenon to the whole structure, and expands the next study domain.

Research questions/hypotheses are narrowed goals, moving towards answers to the

problem. Therefore, the research problem addresses the research questions/hypothe-

ses and, at the same time, delimits them.

Other elements are not directly related to the research problem, but the problem

impacts them. Research questions/hypotheses determine the methodology that will

take place to answer the problem. The methodology should give answers to when

and where the research is conducted, as well as how and who does the research.

The methodology produces research results such as data and interpreted informa-

tion. Research results, in turn, permit one to derive conclusions. Eventually it could

be said that the conclusions are the answers to research questions/hypotheses [21].

A viable research project should be based on the full understanding of an existing

body of knowledge through literature review. No matter what a topic of research

is, academic maturity is needed in order to internalize it. Academic maturity is not

developed overnight but through long period of accumulated literature examinations

and assessments.

As the name implies, the key element of this framework is problem. Ellis and

Levy [21] detailed the four-step process of discovering research problems (Figure 2.3).
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Figure 2.3: Finding a research problem (Source: [21])

1. Look: looking around and attempting to identify a potential problem, whether

it is a personal experience or academic curiosity, is a starting point in conducting

research.

2. Read: once one catches a hunch that it could become a good source of research,

it is necessary to confirm by exploring existing knowledge. One builds knowledge

and intellectual contexts in selected fields from literature review.

3. Synthesize: it was emphasized that only by the understanding of a number of

works from different but related files is it possible to develop a worth-while

problem.

4. Consult: after a tentative problem is established, experienced colleagues or

supervisors can give feedback or do consulting. This step may either validate

the problem, or return the researcher to the first stage.

The above two frameworks in Section 2.1 and 2.2 are designed mainly for social

and behavioral science. Even so, I suggest that it is possible for them to be applied to

other domains with few modifications. In the next section, one of domain-dependent

approaches, especially in Information Systems (IS) field, will be reviewed.
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2.3 Systems Development

Nunamaker and Chen [59] proposed systems development as both research domain

and research methodology in the study of IS. Although there may be a controversy,

the development of software systems is one form of research [59]. It is a way of research

that involves creating something that previously did not exist [28]. Contributions to

existing knowledge is achieved as a result of designing and building artifacts [39].

Ellis [22] pointed out that “...design and development research results in production

of some form of artifact, and the process is indeed research, not to be confused with

product development.” “The pattern of this research progress is: 1) build a system,

2) develop theories and principles from observing behavior, 3) encode expertise in

software tools for easy access, and 4) use these tools to help the development of new

systems [59].” Figure 2.4 displays the systems development research process.

Figure 2.4: The Systems Development research process (Source: [59])

1. Construct a conceptual framework: a research question is developed if a ten-

tative solution cannot be proven mathematically and tested empirically, or it

employs a new method. A suitable conceptual framework is established in the

first stage. Various relevant disciplines are also considered for fresh approaches

and ideas.

2. Develop system architecture: system architecture arranges components, states

system requirements, and specifies the relationships among the system compo-

nents. It is enough to say that a good system architecture provides a good road
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map for the system development process [59].

3. Analyze and design the system: system architecture is a road map of the system

development process. Likewise, a system design gives a guideline for the imple-

mentation phase. The design of the database and modules for each functionality

is defined at this stage.

4. Build the system (prototype): implementation of a system demonstrates the

feasibility of the design and the usability of the proposed functionalities. The

result of the implementation, whether it justifies or counterclaims the research,

delivers new insights to the academic world.

5. Observe and evaluate the system: new theories might be discovered or advanced

models could arise from observation and evaluation. Empirical laboratory tests,

field experiments, or user surveys may be conducted for validation of the system.

The framework places a foundation in the current body of knowledge, namely

knowledge of research methodologies and domains. Contributions to the body of

knowledge are made by applying valid methodologies and understanding the domain.

In particular, the framework has been adapted to iScholar system development. In

Chapter 4, the framework will be introduced again.

Table 2.1 presents brief summary, scope and limitation of the three.
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Table 2.1: Frameworks comparison

Leedy and
Ormrod [50]

Summary A research process is cyclical. Research originates with a
question, requires well-planned goal, and is divided into man-
ageable sub-problems. Data is collected and interpreted, and
as a result tentative solutions are proved or rejected.

Scope The dynamic nature of research is highlighted in contrast to
the conventional view that regards research as a one-time
process. It is important to note that the end of one research
cycle might open new questions or more research.

Limitation Research stops at some point for a variety of reasons - simply
a subject is not interesting anymore, or some external fac-
tors such as funding or time restraints. Not every research
continues to the end of the cycle, but many stops on the way.

Ellis and
Levy [21]

Summary Research problems are central to other elements of research.
With literature review as groundwork, research problems,
goals, methodologies, results and conclusions are closely inter-
connected and operational.

Scope The framework would be the general guideline for novice re-
searchers, who are about to start their scholarly journey or
who are easily lost during the journey.

Limitation Advised steps in the framework is not an exclusive way of
producing a research problem. As more experiences are ac-
cumulated, a researcher tends to set his/her own approach in
conducting research.

Nunamaker
and
Chen [59]

Summary Systems development research begins with the conceptualiz-
ing of a problem. One’s experience is accumulated during
the design and development process. Eventually it produces
artifacts for validation and evaluation.

Scope Systems development is the systematic research process used
in the production of effective materials, systems, or artifacts.
It was concluded that “systems development and empirical
research methodologies were complementary to each other.”

Limitation The application of the framework may be restricted to only
domains which produce some form of output since not all
research in various domains produces some forms of artifacts.

To sum up, there exists discipline-independent activities that WRSS can serve re-

gardless of research domain, such as exploring, reading, and writing. Hence, Leedy

and Ormrod’s framework is selected for further scrutiny. Possible mobile assistants

during the each step the research cycle is identified in the next section.
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Chapter 3

Mobile Support for the Research Cycle

Advances in digital computing and communications are making a big difference

to scientific research in multiple ways. Researchers are employing new technologies

to setup a problem, solve the research question, and write/publish their findings.

In particular, this thesis is interested in research support with mobile technology,

for example mobile exploring/retrieval, reading, and writing support systems. The

main advantages of using mobile devices for research are cost-efficiency and flexibility.

Devices are becoming affordable, as well as most applications are distributed for free or

an inexpensive price. Also, mobile applications are flexible and updatable to actively

interact with users in real-time [62]. In Section 3.1 three major mobile characteristics

that need to be considered when building a mobile application are discussed. Leedy

and Ormrod’s research cycle is re-introduced in Section 3.2 to analyze the possible

mobile aids at each stage. Finally in Section 3.3, the importance of literature review,

detailed steps of the literature review, and existing mobile tools for the literature

review are discussed.
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3.1 Mobile Characteristics

Before continuing discussion on mobile support for the research cycle, it would be

worthwhile to point out the distinguishing aspects of mobile computing systems.

Context-awareness, platform proliferation (large variety of platforms), and proactiv-

ity are the main characteristics that discriminate mobile devices from traditional sta-

tionary systems. It is crucial to understand the added dimensions of mobile systems

and keep them in mind throughout the design and implementation process [10].

3.1.1 Context-Awareness

Context-aware systems gather context data and react to the current context with-

out user intervention [56]. Context-awareness is one of the most beneficial factors that

is driving the popularity of mobile devices [10, 54]. Mobile applications know where

the user is located and current time of day/year. By setting up the places to match

the user’s preference, applications can deliver further refined services when it matters

the most and optimize battery usage. Through sensing user interests, applications

can match specific preferences and make better recommendations at the right time

and place. Data transfer pricing, context data accuracy, and privacy issues are to be

considered when planning to develop a context-aware system [19].

3.1.2 Platform Proliferation

Due to the high competition of producing mobile devices, proliferation of plat-

forms that mobile applications have to support continues. Platform proliferation

places a restriction on designing and implementing mobile applications. Supporting

multiple platforms or considering platform-independence needs to be addressed when
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building a mobile application [10]. Another strategy would be not to build a mono-

lithic application (i.e., include as many features as possible in one application), and

to build small applications for each task with different platforms so that switching to

a different platform does not become too complicated.

3.1.3 Proactivity

A proactive system detects events or situations and handles them without human

supervision [67]. By merging contextual data such as location, time and preferences,

mobile applications can deliver push communications to the right audience at the

relevant time and place. When implementing a proactive system, considerations are:

to make sure that users are able to protect privacy by the active interactions, to keep

good user experience, and not to waste great deal of wireless bandwidth [10]. Mobile

systems are challenged to observe users’ continuously changing environment and send

out alerts at appropriate time.

3.2 The Framework Decomposition

Leedy and Ormrod’s research cycle is re-introduced in this section and analyzed to

identify the possible mobile aids at each stage. Though the tools discussed are useful

and applicable to any purpose, I find scholars in particular, could make good use of

these applications while performing research.

3.2.1 Beginning Research with a Problem Definition

The aim for a research problem is to contribute to a better understanding of a

certain topic when it is answered [4]. There are many ways to develop research ideas

and to recognize topics of interest to study, such as exploring literature, attending
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conferences, or seeking advice from experts [50]. Being up-to-date on various broad

issues and keeping an eye on external phenomena are needed before choosing a specific

topic [9]. In order to do these activities, a researcher might subscribe to online

newsletters or explore literature in a variety of areas. For such activities, mobile

technology could provide background study and brainstorming support.

Background study support

Using preferences to filter technical news could increase research efficiency. In another

case, a researcher at a university could access library resources remotely from any-

where, saving a significant amount of time. Not only that, one can store interesting

papers on mobile devices for reading anytime and anywhere.

Newspy (Android)6 continuously searches several sources for relevant news based

on custom rules, and notifies as soon as the articles arrive. Users define the desired

news sources they wish to be periodically checked, such as RSS channels, Twitter

timeline, webpages, or e-mail accounts. Then the application retains and alerts only

those that match the rules defined. It helps tackle multiple information sources, i.e.,

the information overload problem, without missing any important news.
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(a) News list (b) Edit rules

Figure 3.1: Newspy - Screenshots 6

Brainstorming support

Brainstorming is an important process. It improves idea organization and provides a

roadmap for a project. Combined with sketching, drawing, and graphic connections,

it helps people make connections between previous and future knowledge. Drawing

a mind-map or taking a short memo may help in organizing and capturing ideas,

especially at the beginning of the research process. Mind-mapping is an organized

approach to develop initial ideas [4]. The main idea is placed in the center and related

topics are linked to the main topic [4] (Figure 3.2).
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Figure 3.2: Mind-mapping

By visually displaying the connections between the main and other topics, mind-

mapping helps in developing context for literature review [4]. With mobile mind-

mapping systems, one can record ideas whenever and wherever they pop up.

Idea Sketch (iOS/Windows Phone)7 is a mind-mapping application that provides

diagram drawing, concept mapping, and flow charts drawing. It also makes it pos-

sible to convert the diagrams and flow charts to a text outline and vice versa. Lino

(iOS/Android)8 is an online sticky note board. It provides an easy way to take quick

notes, reminder on special dates, and also share ideas with group members. The notes

can include links, images, audios, and videos. With the applications it becomes easier

to capture ideas anytime and share with colleagues.

3.2.2 Defining the Goal

The main purpose of this step is to state a clear and complete goal of research.

A good research question will be well focused, not too narrow, unambiguous, and

realistic in the time frame [4]. Conducting a feasibility study and literature review,
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as well as writing a draft of research proposal is involved in this step. After considering

the matter from various angles (feasibility study), a clearly stated research objective

(an hypothesis or assumption) is defined. Browsing various relevant resources and

planning schedules are the main activities at this stage.

Literature review support

Searching scientific papers, journal articles, and academic publications are among the

key activities in literature review. New technologies may be taken advantage of for

immediate and easy access to resources. Some universities and subscription-based

databases, for example University of Regina library9 and PubMed10, provide mobile

websites or applications for their students, faculties, or users. Complete listings of

libraries and publishers offering databases with mobile sites can be found at the

Library Success Wiki site11. A list of mobile applications for accessing scholarly

information on mobile devices is examined in detail later in Section 3.2.3.

SciVerse Scopus Alerts (iOS/Android) 4 is an application developed for on the

go access to the Scopus12 database. Not only does it allow searches across Scopus

articles and citations, but also the application lets users save the searches as alerts for

regular updates of new research being published in their area of focus. Alerts can also

be set up on the citation level, allowing users to see when a reference has been cited

in other papers. It can also show other citation-level metrics for specific references.

23



(a) Search (b) Results

Figure 3.3: SciVerse Scopus Alerts - Screenshots 4

Planning/managing support

For planning and managing purposes, mobile devices could be used for organizing

tasks, assigning priorities and creating sub-tasks. Particularly for academic purposes,

researchers could get upcoming conference alerts and manage schedules of conferences

they are attending.

One can review or update a project’s status from a mobile device when he/she

is heading to a meeting. Existing management and collaboration tools provide a

mobile version so the progress of a project can be checked wherever and whenever.

Project Schedule (Android)13 allows handling schedules right from mobile devices.

With support for Gantt charts, the application makes it easy to allocate resources

and keep track of cost and work for each task.

Call For Papers (iOS)14 is an iPhone application that helps keep track of infor-

mation on incoming conferences and journal publications. It allows users to search

24



through numerous science topics and list corresponding calls for papers with mobile

devices. It retrieves data from WikiCFP15, which maintains the highest numbers of

calls for papers in the science and technology fields.

(a) Browse (b) Search

Figure 3.4: Call For Papers - Screenshots

3.2.3 Solving Sub-Problems

Since most research problems are too large or too complex to be solved at one

time, a research problem is divided into several manageable sub-problems that make

up the main problem. It is essential that each sub-problem should be consistent to the

main problem and be expressed clearly and distinctly [50]. In doing so, sub-problems

can be maintained in a controllable and progressive way.

Evolution/progress support

In order to make sure that all sub-problems are closely tied together, it is useful to

make a graph of inter-related ideas or terminology. Furthermore, recording a history

of changes for future structural modifications is also helpful. Since research is a
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rather cyclic and ongoing process, it would be easy to fall off the tracks as the study

progresses [50]. New technology keeps research on track by supporting the storage of

ongoing reflections and the integration of research findings.

Beakr (iOS)16 is an experiment check-in application. It allows researchers to check

on their experiments day to day and when completed. This application allows users to

track the frequency of their experiments and its success/failure rates. The application

has a built-in list of common ordinary tasks and experiments in science labs. Users

can easily check into these experiments on the list and can also upload an optional

photo for each check-in.

Sohn et al. [26] proposed a prototype of a location-based reminder system, named

Place-Its. Upon arrival or departure to a place which is previously named as one’s

office or classroom, pre-set messages are sent to his/her mobile devices. Location-

triggered reminders might be useful to organize and manage one’s tasks while juggling

multiple priorities.

Experiment/data collection support

Surveys and interviews could be distributed and received through mobile devices.

It may become convenient to control experimental variables and regulate research

simulations as well. The more smart phones are used, the easier for researchers to

track experiments remotely and maintain contact with laboratory members.

When doing bench work, various applications can help to reduce time, such as

OD-260 (iOS) 17, LabTimer (iOS)18, and Notes Plus (iOS)19. Mobile devices work as

a unit converter, calculator/timer, and notebooks in hand all the time [61]. Detailed

lists of laboratory and scientific applications can be found at Scientific Mobile Apps20

page and Mobile Science page21 for chemistry researchers.
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3.2.4 Interpreting the Data

The last activities of the research cycle would be interpreting collected data and

actually writing the results of the research. Interpretations of data present grounds

for supporting or rejecting the tentative hypothesis. The advance of the Web provided

a new platform for communication between scholars, simplifying communication and

collaboration [46]. Mobile applications offer instant communication and easy bibliog-

raphy generation.

Communication support

Mobile devices can support instant interaction for analyzing data and exchanging

opinions. Affordable long-distance communication among individuals in the form of

mobile video calls or conference calls could be used. In some cases, social-media can

also be utilized for such purposes.

Adobe Connect Mobile (iOS/Android/Blackberry)22 gives users a complete plat-

form to host and participate in mobile conferencing. Presentations can be interactive

for people viewing on a mobile device, letting them tap in questions and answers to

give their input. Also, video conferencing lets the users view both their own video

feed as well as the person talking, on top of viewing phased feeds of everyone else in

the meeting.

Writing/publishing support

For writing and editing support, possible extensions would be mobile reference man-

agement systems for managing and writing bibliographies. In addition, mobile tech-

nology could support these activities by alerting the users of upcoming calls for papers

and recommending relevant journals/conferences to submit to.
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EasyBib (iOS/Android)23 enables users to scan a book’s barcode, record the in-

formation necessary, and create a proper citation for their writing. Users can add

citations on the application or email those citations to themselves from the applica-

tion.

(a) Scan a barcode (b) Create a citation

Figure 3.5: EasyBib - Screenshots

Dragon Dictation (Android)24 is useful for recording ideas or sending a reminder

to oneself without having to type on a keyboard [35]. Dictation might be a solution

for the major issues of mobile writing support [5], although accuracy and efficiency

over traditional ways are not yet proved.

Table 3.1 lists the introduced applications and compares whether the considera-

tions of mobile characteristics in Section 3.1 match.
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Table 3.1: Mobile research support tools matrix

context-aware variety of platforms proactive
Newspy6 ◦
Idea Sketch7 ◦
Lino8 ◦ ◦
Sciverse Scopus Alerts4 ◦ ◦
Project Schedule13 ◦*
Call For Papers14 ◦**
Place-Its [26] ◦ ◦
EasyBib23 ◦
Dragon Dictation24

3.3 Review of Literature Review

As recognized in the previous section, research activities cover a large spectrum [43]. It

is rarely possible for one application to assist in every aspect of research. Therefore, it

is determined to design and develop iScholar to assist one of the most crucial activities,

that is literature review. Literature review is very important in research steps [60],

because, according to Boote and Beile [15], “a thorough, sophisticated literature

review is the foundation and inspiration for substantial, useful research.” Literature

is used to familiarize the researcher with a new study area, monitor the study area

to avoid duplication, and develop reference lists [23]. Not only that, for a practical

purpose, literature review is required for proposals for funding or a degree [29]. Since

literature review is mostly related to the exploring/retrieval category, that category

is selected as the target subject of iScholar. The importance of literature review is

briefly reviewed in this section and also potential mobile technological support for the

literature review are identified.

*Reminder
**Related CFPs
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3.3.1 The Importance of Literature Review

A literature review is a systematic method for identifying, evaluating, and synthe-

sizing previous studies by other researchers [29, 4]. The ultimate purpose of literature

review is to integrate where an author agrees or disagrees on what is known in an

area [15]. One builds knowledge and intellectual contexts in selected fields through

it [51]. In other words, literature review tells how research has been carried out up

to now and what is missing where one’s research intends to fill in [51]. Another aim

of the literature review is to clarify one’s ideas and findings, and, by doing so, it jus-

tifies the importance for a new study [51]. Even though one’s study is built upon the

current literature, that does not mean that literature review is merely summarizing

or just explaining what other researchers have done [50]. Rather, it gives rationales

for why research study needs to be performed based on previous works.

Literature could influence every step of research [60]. At each stage of the re-

search cycle, literature might establish or change the direction of research. On some

occasions, literature also frames valid research methodology, approach, and goals [51].

In spite of its importance, conducting a good quality literature review is not a sim-

ple task, especially in emerging fields because the nature of such fields is diverse

and interdisciplinary. For instance, the field of machine learning is basically rooted

in computer science but also deeply concerns artificial intelligence, robotics, natu-

ral language, and others [1]. Rather than relying only on computer science indexes,

searching other indexes that cover cognitive or social sciences may bring out other

aspects in the field [1]. In that case, literature should come from a variety of sources,

in other words multi databases and various conference proceedings [51]. It is advised

for researchers to utilize multiple databases in order to avoid narrow and shallow

background depth [51]. It will be discussed in a later chapter how iScholar assists

in building related knowledge and also how to deploy multidisciplinary databases for
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searching literature.

3.3.2 Exploring/Retrieval Support for Literature Review

Literature review is an essential tool for synthesizing previous research and infor-

mation on a topic. It has to be undertaken in a systematic manner - identifying all

the available literature on a topic comprehensively - so that the conclusions of the

review are dependable [4]. Once a problem arises, one develops a exhaustive searching

strategy, sets inclusion and exclusion criteria to ensure that only relevant papers are

included, and critiques the selected papers based on the criteria [4].

Undertaking a systematic literature review requires much effort and is time-

consuming. It is important to conduct literature review with a comprehensive search

strategy to give confidence to readers that all relevant literature was reviewed [4]. For-

tunately literature searching has been revolutionized by the evolutions in electronic

databases. One could get advanced technological aids for each sub-step of literature

review with mobile devices. The list below explains the detailed sub-steps of liter-

ature review with examples of mobile support. Exploring/Retrieval support for the

sub-steps with mobile devices involved in literature review are highlighted.

1. Performing a search: numerous studies are printed in journals, books, maga-

zines, and the Web each year. This stage is to explore literature and identify

valuable studies. Online literature review sources are public/private/special-

ized bibliographic databases, university libraries, and Web search engines. Ac-

cording a study [13], 10.4 percent of survey respondents (university students)

most frequently use smartphones for academic purpose such as applications,

search engines, online encyclopedias, and libraries. Seventy-six percent of them

answered that they use applications mostly for finding academic information.
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The study shows that the use of mobile applications for information seeking is

increasing, especially among young scholars and academics [13].

2. Organizing collected literature: researchers deal with thousands of resources.

Therefore, it is important to stay organized and keep files in order. Online

reference organizers help researchers store their searches and references in a

virtual file cabinet [29]. Using these tools may require less effort for maintaining

collected literature in an organized way. It is possible to synchronize personal

computers with mobile systems, so that organization can be maintained the

same in every device used by an individual.

3. Reading and screening collected literature: to identify the most relevant studies

that are related to a researches’ own research topic, one has to read throughly

the collected papers and gradually decrease the size of the collection. Most

online scholarly literature is in portable documents format (PDF), which can

be opened and viewed exactly the same on any system. Since most mobile

OS (Operating Systems) already support reading PDF files, researchers can

download files to the systems and read the files at any time.

4. Taking notes on important findings: one objective of reading literature is to

obtain background knowledge on a selected topic. It is worthwhile to develop a

systematic approach to review literature and record summaries/findings in an

organized way [60]. Some might prefer using different colors for different cat-

egories or others might keep a research journal. In addition to the portability

and synchronizing with cloud services, mobile systems provide simulating hand-

writing, tags (makes searching through notes simpler), and audio recording [25].

5. Listing and maintaining references: once most relevant studies are screened,
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reference lists for future writing needs to be maintained. There are many pop-

ular citation management tools, such as RefWorks25 and EndNote26. These

tools could be extended to mobile systems to give more freedom to physical

limitations. Backup is very important for not only writing up but also manag-

ing collected references. Cloud services like Dropbox27 let users sync folders on

their personal computer(s) with mobile devices and save previous versions.

6. Writing a literature review: once a literature review is completed, the findings

need to be presented, both in oral and print if possible. Though dictation tools

might help make quick notes or emails, how mobile systems will support lengthy

writing is uncertain yet because of input challenges [5]. iScholar supports this

task in a realistic way by recommending conferences and journals to which

writing can be submitted.

3.3.3 Mobile Tools for Literature Review

Modern mobile technology might be useful for academics and researchers by en-

hancing their work efficiency. Particularly one of them would be the speed of the

search process. Knowing the right tools for searching is half the success for find-

ing quality information [1]. The other half is how to use such tools effectively [1].

This section introduces existing useful mobile applications for literature searching -

iResearch, Sciverse Scopus Alerts, Scholar Droid -, as well as the limitations of each

application.

iResearch

iResearch (iOS)3 connects mobile devices with full text access of American In-

stitute of Physics Journals. Once PDFs are saved locally users can read the article
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off-line. It requires an individual or an institutional subscription to access full text.

The main objective of this application is to provide full texts of AIP articles. Hence,

contents are limited to selective journals. Currently, this application includes 13

journals. Since the application does not provide a search feature, one has to know

the exact volume and issue numbers and find an article manually by the numbers.

Furthermore, to get full access to the service, one must have either an individual

subscription or institutional subscription (via IP authentication). Otherwise, one has

to pay per one full-text view.

Sciverse Scopus Alerts

Sciverse Scopus Alerts (iOS/Andoroid)4 searches the Scopus database for article

abstracts and citations. Users can get search and citation alerts via the application.

It also allows users to write notes and to append them to an article for use back in the

lab and share articles with colleagues with questions/comments attached. Limitations

are full-text is not available through this application (only links to citations) and one

cannot see more than 50 search results for any search. Also the service is available only

to existing subscribers. To get full access, one must be registered with an institution

email and be affiliated with a subscribing institution.

Scholar Droid

Scholar Droid (Android)5 is a free application that lets users conveniently browse

through search results returned by Google Scholar and look up book results on Ama-

zon. It provides a useful interface for retrieving results from Google Scholar, which

provides comprehensive academic resources. But the results of the search include only

titles and summaries of papers. Clicking on an article title enables users to enter the

publishers’ website that may or may not be mobile friendly.
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Table 3.2 lists what tasks of literature review are supported by introduced appli-

cations and what are not. iScholar tries to fill the limitations of the applications so

may be used for every steps of the literature review activity.

Table 3.2: Mobile literature review support tools

iResearch3 Scopus Alerts4 Scholar Droid5

Performing a search ◦ ◦
Organizing collected literature ◦
Reading and screening collected lit-
erature

◦ ◦

Taking notes on important findings ◦
Listing and maintaining references ◦
Writing a literature review

Below I propose how iScholar will tackle such limitations.

1. Range of data: by using Google Scholar as a database, the system will be able

to provide a wide range of search results, unlike iResearch which only gives

selective contents.

2. Readability: by using dedicated user interface the system will enhance read-

ability. Scholar Droid provides an interface for Google Scholar but only for

keywords searching with summaries display.

3. New features: iScholar includes some more unique features such as recom-

mending conferences/journals to submit/attend, downloading/bookmarking in-

terested publications, and adding comments on downloaded files.

Besides providing multiple database searching and mobile dedicated interface, I

also propose additional features such as recommending papers to read, and recom-

mending conferences/journals to submit/attend. With the rapid increasing journals
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and conferences each year, researchers now face the information overload problem

with selecting papers to read and conferences to submit. I suggest that such features

will enhance literature review productivity in general, particularly in performing a

search and writing a literature review.

In conclusion, the significance of literature review was identified in this section.

Possible mobile technological aids for literature review were recognized as well. I have

implemented a mobile application for this purpose. In Chapter 4 and Chapter 5, the

design of the system and prototype implementation are discussed.
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Chapter 4

Mobile Research Support Systems Design

This chapter discusses the iScholar system design. Building a system follows

a specific process such as developing system architecture, analysing requirements,

and evaluating the system. Accordingly, the analysis of system functionalities and

requirements, architecture of mobile research support systems, and detailed system

design of iScholar are discussed in order.

4.1 Systems Development Framework Revisit

It is the purpose of this thesis to demonstrate that it is practical to build useful mobile

research support systems. Accordingly, I employ the Systems Development framework

as the methodology of this study and so bring attention back to the framework. The

general steps are to define the functionalities, requirements, architecture, and design

of the system in order. The below process is adapted from Nunamaker and Chen’s

article [59]:

Phase 1: Construct a conceptual framework

• Identify the system functionalities - Section 4.2
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• Investigate the system requirements - Section 4.3

Phase 2: Develop system architecture

• Develop an architecture design - Section 4.4.1/4.4.2

• Define system components and inter-relationships - Section 4.4.3

Phase 3: Analyze and design the system

• Design the processes to carry out system functions - Section 4.5.1

• Design the database - Section 4.5.3

• Develop alternative solutions and choose one solution - Appendix A.1

Phase 4: Build the system (prototype)

• Learn through the system building process - Section 5.1/5.2

• Gain insights - Section 5

Phase 5: Observe and evaluate the system

• Evaluate the system - Section 5.3

• Consolidate experiences learned - Conclusion

4.2 System Analysis

Historically, with the advent of the Web literature searching moved from paper search-

ing to online searching. I believe we are now in the second dramatic change of lit-

erature searching from the Web to mobile. Usage and familiarity of mobile devices

are growing very fast, so in the near future mobile may become the only personal
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computing platform. That is the chief reason I propose it is time to shift support

systems from the Web to mobile. iScholar is an attempt to accept the change.

The primary purpose of iScholar is to support literature review activities, mainly

providing exploring/retrieval support. Yao [74] suggested that in the context of li-

braries there have been attempts to automate the task of searching information by,

for instance, providing keyword search or visualized search results. Even so, sup-

port functionalities such as filtering search results or recommending proper resources

are still left to librarians. iScholar focuses on supporting analyzing, organizing, and

discovering tasks which previously were the tasks of librarians, rather than simply

responding to users’ queries and displaying the retrieved data.

Current Web browsers are used as exploring support tools [43]. As a part of efforts

to address individuals’ specific needs based on the Web, there are research article in-

dexing systems such as Current Content28 and DBLP29, and citation analysis systems

such as SCI and CiteSeer30 [73]. I try to extend the availability of these Web-based

support systems to the mobile area. Although there have been some attempts as in-

troduced in the previous section, most existing applications remain as supplementary

tools. I expect that the main reasons are limited coverage, limited access to data

sources, and insufficient supporting functionalities compared to Web-based systems.

iScholar, the proposed system, will provide multi-databases searching/retrieving aca-

demic data and personalizing of the retrieved data.

Given a mobile device already holds information about individuals (reading his-

tories) and if a user actively adds some additional data (academic interests), then the

system will be able to: 1) recommend a conference or journal to attend related on

personal interests plus upcoming event dates and 2) recommend a conference or jour-

nal to submit based on written text which one has been working on. As for additional

helper features, I also propose two more functionalities: 1) the system will provide
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ways to bookmark or download selected papers into mobile devices, make notes on

important content, and connect articles with each other 2) by utilizing the personal-

ized information of individuals such as academic interests and reading histories, the

system will recommend related articles to read in the future.

Following is the summary of proposed features of the system in accordance with

above analysis:

1. Multi-databases searching for discovering and retrieving academic information.

2. Adjusting the order of the retrieved data based on personal information.

3. Recommending a conference or journal to attend related on personal interests

plus upcoming event dates.

4. Recommending a conference or journal to submit based on written text that

one has been working on.

5. Downloading selected papers into mobile devices, this will be especially useful

if one downloads papers when he/she has a direct access to full contents, e.g.

within a school or library, and wants to read the contents anywhere.

6. Bookmarking papers, make notes on important contents, and connect articles

with each other.

7. Recommending related articles to read in the near future based on one’s aca-

demic interests and reading histories.

4.2.1 Context in Mobile Research Support Systems

As users become familiar with mobile devices, the users want to use their devices

for any tasks on the move. This fast shift to mobile environment poses new challenges

40



for research support systems where context is a stronger trigger for information needs

and where the context changes rapidly. In this section how context is defined in

a wider sense and in mobile research support area is introduced. The nature of

mobile search with the context and possible approaches of mobile research support

are followed in the next section.

Context data provides a good way of discovering and understanding a user’s in-

formation needs [31]. The definition of context varies from domain to domain. Each

discipline defines context in its own way or point of view [31, 64]. Myrhaug and

Göker [58] proposed a comprehensive framework for exploiting context. Context re-

lated a user consists of five sub-contexts: environment (entities surrounding a user),

personal (physiological and mental), task (what the user is doing), social (friends or

family, and their presence), and spatio-temporal(time and location) context.

From the perspective of mobile computing, context was initially defined as a user’s

physical location, human neighbors around the user, object neighbors, and the relo-

cation of these elements [64]. Other elements, such as date, season, temperature,

physical and conceptual statuses of interest, emotion and so forth, have been added

to the definition of context in terms of mobile computing.

Any data that is gathered by devices could be defined as contextual data, such

as locational or environmental data. Some contextual information can be directly

taken from raw data, while others need to be inferred from a user’s profile. Winoto

et al. [70] proposed a paper recommendation system that considers context when

recommending papers to graduate students. They said, in the field of e-learninag,

context includes users’ learning goals, background knowledge, motivations, and so on.

Possible use of context while recommending research articles and conferences using

mobile devices is proposed below.

• Previous publications/Academic interests: a researcher’s previous publications
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and academic interests give a good hint for a support system to tell specific

research topics that the researcher wants to work on and how the researcher’s

academic interests have been changed (based on the publication history).

• Downloaded papers/Reading history: whereas the first two properties may be

rather static, these two properties shows the latest interests of the researcher.

Also, since researchers tend to read a variety of papers from various sources,

these two properties may bring a wider variety of contextual information than

the previous ones.

Context-awareness involves complexity such as monitoring contextual data, uncer-

tainty modeling, real-time processing and merging multiple and, probably, disagreeing

sensor data. A major challenge is that the information interpreted by such context-

aware systems must be making sense to the user, or at least there needs to be an

explanation the user can access.

4.2.2 Mobile Search

Mobile search is different from the traditional search in two ways. One is that the

search is performed in a dynamic environment, and the other is that mobile search

tries to make information relevant to the environment (i.e., contextual) [31]. Location-

based search, which tailors retrieved results by where a query was sent, is widely used

at present, for instance, local news, nearest points of interests, and weather services.

Time and preferences are another good sources of mobile search [31]. Retrieved in-

formation may be filtered by time and preferences to provide more satisfying results.

Further, filtered information based on the locations, time, and preferences can be

pushed to users (i.e., proactive). Mobile systems can keep track of users’ situation
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around, and deliver push notifications when they decide that the situation is impor-

tant enough to alert.

The main consideration is to identify correlations between certain application

domain and context data. For example, how contextual data (e.g., location, time,

or preferences) can be used in the context of research support systems needs to be

defined. The below are some examples of how a research support system could use

the context-awareness and proactivity from mobile devices.

• If a searching occurs in Korea, he/she might be more interested in publications

that are written in Korean (geographical). Or if one keeps searching papers

written in Korean, the system could display papers written in Korean in the

higher positions (linguistical).

• A research support system might be able to recommend conferences that are

held around a user’s location (locational context). Or a conference recommender

system could keep the detailed schedules of conferences and alert when the

preferred speakers give a talk (temporal context).

• A system can notify users when the system suspects some other papers that

have plagiarized the owner’s paper (by preferences), or when the deadline for

submitting to conferences that the owner might be interested is coming up (by

time).

4.3 System Requirements

iScholar is a mobile information retrieval support and recommender system for sup-

porting research activities. In the following list, the system requirements in each

perspective are analyzed.
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Research Support System

iScholar is a support system, specialized for research activities. The system shall

understand a researcher’s information needs and provide suitably personalized search

results. Hoeber [40] noted “fundamentally, the personalization of Web search deals

with the modeling of searchers’ interests, and then using these models to affect the

outcomes of their future Web search activities.” Based on one’s personal information

such as one’s academic interests and reading histories, the system shall provide fil-

tered and re-ordered search results. To tackle the information overload problem, it is

essential to filter the given information such as the whole retrieved data from a query

or entire conferences/journals schedule.

Information Retrieval Support Systems

According to Yao [73], whereas IRS (Information Retrieval Systems) focuses on the

search and browsing functionalities, IRSS (Information Retrieval Support Systems)

targets more on supporting functionalities. The system shall show enhanced search

results representation, as well as utilizing multiple databases for improved search

quality. As mentioned above, the nature of information system research is diverse and

inter-disciplinary. Hence, the system shall provide sources from multi-disciplines and

multi-databases. Not only that, how to display the search results is no less important

than the quality of retrieved data [40]. The system shall produce a representation of

information that is easy to understand and simple enough to grasp at a glance [37].

Recommender Systems

For users, continuously accumulated digital-library contents could be overwhelming.

The system shall analyze the interests and preferences of researchers and recommend
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personalized articles/conferences. Further, recent research has highlighted the impor-

tance of explanations of why certain items are recommended over others [14, 38, 57].

That could be achieved by providing a visual of personalized results [41] or being con-

versational between a system and user [63]. Herlocker et al. [38] advanced an opinion

that meaningful explanations is a challenge which must be addressed to enable rec-

ommender systems to be more understandable, effective, and acceptable. In order to

obtain credibility and satisfy users, the system shall convince users by providing not

only reasonable recommendations but also valid reasons for those recommendations.

Mobile Systems

The goal is to develop a mobile application which serves as a useful tool while con-

ducting research. It intends to shift research support systems from the Web to the

mobile environment. The system shall not only take advantage of mobile technology,

but also deal with its limitations such as capacity and usability.

Portable: always-on connection of mobile devices allow researchers to search in-

formation whenever they need [18]. More people are getting used to using

smartphones everywhere and moreover for some people “smartphone only” ex-

periences are on the rise. Evidence shows that the familiarity and portability of

mobile devices can be enough supplement research tools, for instance, searching

academic libraries and instant note-taking on the move [18, 27].

Maintainable: a system should adapt to changed requirements, and I believe this is

especially true for support systems. Requirements for supporting an application

domain may be uncertain at first or may change over time. Moreover, some

research activities may not be ideally supported by mobile devices at present,

yet they might become supported in the future. Mobile systems can be fixed
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and updated gradually in a cost-effective way. On one hand, bugs can be fixed

if codes are readable and well-organized. On the other hand, existing features

can be removed and new features can be added like blocks if codes are written

in well-separated modules.

Personalized: being personal includes security issues, but at the same time offers

an opportunity to have more information about the owner of a device [10].

Mobile devices know where the user is located, how fast the user is moving,

current time of the day, and much more. Different personal information, mostly

contextual data from mobile devices, may be used for different domains. In

the domain of e-learning, context includes users’ learning goals, background

knowledge, motivations, and so on [?]. If personal information is adequately

used, it might be possible to provide better support.

4.4 System Architecture

Architecture serves as a roadmap for the system building process by putting system

components into the correct perspective and defining relationships among the compo-

nents [59]. Since iScholar is an instance of MRSS (Mobile Research Support Systems)

particularly for exploring/retrieving support, I first suggest the overall architecture of

mobile research exploring/retrieving support systems architecture. iScholar’s system

design based upon the architecture is introduced in Section 4.4.2.

4.4.1 MRSS Architecture

Research activities have a large spectrum [43]. It is almost impossible to build a

system that assists every aspect of research. Individual sub-systems design for each

category - exploring/retrieving, reading, and writing support systems - will build up
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the entire MRSS framework. I propose the overall architecture of exploring/retrieving

support systems (Figure 4.1), in other words literature review support systems.

Figure 4.1: Architecture of literature review support systems

The system interacts with external systems such as citation management tools,

online cloud services, and databases. The presentation layer is in charge of displaying

search results of papers, and interacting with users. It may also act as a PDF reader

including annotation feature. The business layer is responsible for communicating

with the external systems, processing recommendations, and maintaining references.

It works for retrieving search results, and organizing collected papers. The data layer

is for managing actual file systems and synchronizing folders with PCs and clouds.

In general, the architecture serves as a system design for a literature review sup-

port system and sub-architecture of the whole MRSS framework. As stated, the

architecture will serve as a roadmap for the iScholar system build process.

4.4.2 The System Architecture of iScholar

The iScholar proposed system design is for a mobile information retrieval support

and recommender system that is supporting literature review activities. The system
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keeps researchers’ information needs, and provides personalized search results. While

traditional search systems give priority to automated searches and representations of

the results, it is believed that better support systems must actively play a role at

refining user queries, filtering returned results, and evaluating the relevance [40].

The proposed system will have both client and server parts since mobile devices

are not yet powerful enough for all the required data processing. Mobile application

architecture is determined by client type (thin/fat clients), server tier(s) (one-tier,

two-tier, or three-tier), and connectivity (always, partial, or never) [49]. Table 4.1

lists the pros and cons of each selection. Among many possible combinations, for

example ‘zero-layer client, three-tier server, always connected’ or ‘three-layer client,

three-tier server, partially connected’, there are some considerations including [49]:

Table 4.1: Mobile application architectures - pros and cons (Source: [49])

pros cons
Clients Thin easy to maintain and support servers require a high per-

formance, client and server
need to be connected all the
time

Fat useful when connection be-
tween server and client are not
guaranteed

heavily dependent to the
client’s operating system

Server One tier easy and quick to develop and
deploy since three code layers
exist on a single machine

low scalability, security

Two tier separating a database server
from the presentation/appli-
cation server - allows database
server specialization

still low scalability, security,
more expensive

Three tier scalable, allows database
server specialization

most expensive and difficult
to develop/manage

Conforming requirements: deciding connectivity is important because unlike desk-

tops mobile devices are often disconnected [65]. For iScholar, server and clients
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do not have to be connected all the time since downloaded articles can be read

off-line. Sometimes, however, they need to be connected when clients are send-

ing a query or collecting data from the server. Therefore, ‘partially connected’

connectivity is required. A thin client has no custom code and relies entirely on

server functions [49], so a client has to always be connected. Since the previous

choice is ‘partially connected’, a thin client is not under consideration. I choose

the ‘fat client’ type which has one or more layers of custom client code. Fat

clients are used when a device is partially connected or the application uses

device-specific features [49], in the iScholar case the device’s local storage.

Performance/Scalability: it is expected that the processing overload of searching

retrieval and recommendation evaluation is significant given relatively limited

mobile systems’ hardware capacity. I try to allocate as much work as possible

to the server except personal information. In doing so, it is possible to minimize

the client’s workload and focus on the presentation part. Since there is no need

to display anything on the server side, two-tier server layer is selected. Another

advantage of this way is that future scalability becomes readily available. With

no change of server-side code, simple implementations of user interface of client-

side are all needed to extend to another mobile operating system.

It is worth pointing out too that iScholar performance has another important

issue - it deals with at least a thousand search results for a query. Actual

experiments on how long a search personalization would take under certain

conditions has not been conducted, but this factor needs to be addressed for

future study.

Security: security in mobile devices are more important than traditional systems
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since mobile users are often unaware of vulnerability and often socially en-

gaged. The personal data that iScholar will utilize is users’ name, publications

list, academic interests, downloaded list, and reading history. The data is stored

in the client side for the security reasons. However, such data needs to be trans-

ferred from time to time since personalization and recommendation modules are

performed on the server side. Thus the challenge of having to protect sensitive

data in transit as the application connects to some server component has to be

addressed. This can be done using encryption such as SSL libraries that any

mobile platform would offer.

All things considered, I choose the architecture of iScholar as ‘two-tier server,

three-layer client, and partially connected.’ Figure 4.2 displays the overall system

architecture. The server and client request/respond to each other intermittently.

The client has three layers - presentation/business/data layers, and the server has

two. The server maintains the conference data with a database, whereas the client

stores the personal information into the system’s file system.

Figure 4.2: iScholar system architecture
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4.4.3 System Components

Figure 4.3 shows four components of iScholar and the relationships between each

of them. The search component is in charge of sending user queries to the server,

returning search results to the client, and representing the returned data. If the

results are matched to the articles that the user is looking for, then the user can

move on to the article management part. Articles are bookmarked for future use or

downloaded for off-line use in the article management component. Once an article

is downloaded into local storage, annotations on important parts are possible. The

annotations could be underlines, circles, or text comments.

Figure 4.3: iScholar system components

Basic information of individuals could be entered and reading histories are recorded

either automatically or manually. The personal information component stores such

data, processes and passes it when requested from other components. When enough

personal data is gathered, the recommendation component matches with conference

and articles database from the server. Personalized and customized recommenda-

tions are generated from the component. The arrows show the relationships between

components. For example, personal information component maintains the academic

interests and reading histories of a user, and the system recommends related articles

and conferences based on the personal information.
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Figure 4.4 details the task allocations of sub-components to server/client sides and

draws the overall structure of the system prototype. Each sub-component is divided

into modules and is placed where it should be in the layered architecture.

Figure 4.4: iScholar system sub-components

4.5 System Design

Designing a software system entails good understanding of the domain, application

of relevant knowledge, consideration of alternatives, and evaluation of the alterna-

tives [59]. The overall iScholar system design, user profile modeling, and database

design are discussed in this section.

4.5.1 MVC Design Pattern

The Cocoa Touch framework underlying iOS applications is based on Model-View-

Controller (MVC) design pattern, which is useful for separating the program logic

from user interfaces [2]. MVC is central to the design of any iOS application [44].
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Benefits are that objects are more reusable, interfaces are better defined, and appli-

cations are more extensible [10, 44]. It divides a system design into three roles [2]:

Model, View, and Controller. Figure 4.5 describes the client-side’s MVC components

of each role.

Figure 4.5: MVC design of iScholar client

Model objects - Model objects hold application data and define the data logic. A

model object should not be connected with the user interface and presentation in

general [44]. A common element of model objects is persistent data [44].

PersonalInfoModel: Any personal information gathered by the system is stored to

this object. The data can be collected explicitly and implicitly. For instance, a user’s

academic interests could be extracted from the user’s publications list (implicitly).

On the other hand, the system asks a user to enter full name and his/her publications

list (explicitly).

PDFFileMgrModel: Once a user selects to download a paper, the system stores the

paper into the PDF file format. Annotations are stored the original PDF files. Each

PDF page is treated as a frame with annotations and annotated frames are combined
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as a PDF file. The object maintains the PDF file list and returns the list whenever

other objects request it.

BookmarkModel: This object represents each bookmark that a user created. Each

bookmark has information about the title, author(s), year, and link (if exists) of a

paper.

ReadHistoryModel: Every time a user opens a paper online or downloaded paper,

the system logs the reading history. These logs are used to analyze the user’s interests

and generate recommendations papers to read.

View objects - These objects are responsible for displaying and interacting with

users.

PersonalInfoView: It displays a person’s information, such as name, publications list,

academic interests, and bookmark/downloaded papers.

SearchView: Users enter search terms that the users wish to search among scholarly

literature. The view sends a request to SendQueryController and displays the re-

turned results.

BookmarkView: This object displays the publications list that a user bookmarked.

DownloadView: The downloaded papers list is displayed. If a user clicks a title of the

list, it opens the PDF viewer and PDFAnnotatorController.

RecommendView: The object sends requests to RequestRecommController and dis-

plays the returned recommendations list.

Controller objects - Controllers act as an intermediary between view and model

objects [44]. They are often in charge of passing data to view objects they need to

display from model objects.

SendQueryController: Once this object receives a search request, it sends a query to
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Google Scholar and retrieves the results. After all it returns the results to the view

that requested it.

RequestRecommController: Actual recommendation process is performed on the server

side. This object on the client side is in charge of sending a request to the server and

passing the results to a view.

HTMLParserController: As the search results from Google Scholar are in HTML

format, the system needs a controller that parses the HTML page. The object parses

the page and returns the result with the format that other objects understand.

PDFAnnotatorController: The object creates, edits, and displays PDF annotations

on top of the downloaded PDF files. Annotated PDF files will be stored separately

with the original ones.

In practice, often two different objects are merged, which is called a view-controller

or model-controller [44]. When both a view and controller are concerned only with

each other, combining their roles in one object is acceptable [44]. It helps to reduce

interactions between objects. For example, PersonalInfoView displays user profile

only and PersonalInfoController mostly concerns retrieving the profile data from the

model object. Then for convenience’s sake two object are combined to Personal-

InfoViewController. These combined view-controllers of iScholar will be discussed

afterwards in Chapter 5.

4.5.2 User Profile Modeling

In iScholar a researcher is modeled as a combination of his/her academic inter-

ests, publications, and reading history. Publications list is entered by a researcher,

the researcher’s academic interests are extracted from the publication list, and the

reading history is gathered by the system every-time a researcher reads a paper. Each

component is discussed below in turn.
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Academic interests

iScholar automatically extracts a user’s academic interests from the user’s publica-

tions list. It is assumed that if particular terms appear in the user’s papers frequently

it is likely that the terms represent the user’s academic interests. To decide which

terms are showing repeatedly, the term frequency (number of times a term occurs

in a document [55]) is calculated. In information retrieval, the simplest approach to

compute the term frequency is to count the number of occurrences of a term t in a

document d and assign equal weight to each term t, denoted tft,d [55].

On the other hand, it is notable that there are certain terms that have little

relevance to discriminate between documents [55]. For instance, papers about mobile

computing are likely to have the terms mobile and computing in almost every paper.

To distinguish these terms that occur too often, but are not very meaningful for

discrimination of documents, commonly inverse document frequency (idf) is used [55]:

idft = log
N

dft
, (4.1)

where dft is the document frequency of a term, i.e., number of documents in the entire

documents that contain a term t, and N is the total number of the entire documents.

By combining the term frequency and inverse document frequency, a composite

weight of each term in each document (id-tdf) is produced [55]. To calculate the

td-idf, the below equation is used:

tf -idft,d = tft,d × idft. (4.2)

Tf-idf is high if a term t appears many times in a document but not many documents

in the entire documents [55]. Td-idf is low if a term t appears few times in a document

or appears in virtually all documents [55].
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Algorithm 1 explains how iScholar estimates a user’s academic interests from the

user’s publications list using the tf-idf. The algorithm gets inputs of a researcher’s

publications list and returns the researcher’s extracted academic interests. For each

text from a user’s publications list, an array or words is extracted and the td-idf of

each word is calculated. In Line 6 of the algorithm, unnecessary words that are not

adequate to be a keyword for one’s research such as an, the, or we, in other words stop

words, are removed. The reason is that stop words have high frequencies, therefore

almost only stop words will be left if they are not removed [69]. Once the number

of occurrences are calculated, the tf scores are adjusted based on publication years.

The publication years of papers are considered since one’s academic interests change

over time [66]. The weight of year factor is higher if a paper was published recently.

Another weight factor is the location of each term. Being located in a title or abstract

reflects the importance of terms. If a term is located in a paper’s title, the term gets

the highest weigh. If a term is located in abstract or conclusion the weight for the

term is the second highest. The reason is that an author will try to make his title,

abstract, and conclusion include all the relevant terms that he/she believes.

The academic interests are inferred based on the calculated td-idf scores. Top-ten

td-idf highest terms are assumed to be the researcher’s academic interests. Created

words list and calculated td-idfs are not stored since extracting academic interests

happens only once when the application is launched for the first time. At present

the case that one’s publications list is updated is not considered for the simplicity.

Future development that allows updating user profiles needs to be supported. Another

consideration is that normally an academic interest consists of compound words (e.g.,

rough sets or computational geometry) and Algorithm 1 only considers frequency of

one word each. Getting the frequency of compound words would be a challenging issue

for future improvement. Using existing statistical analysis tools of input contents,
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such as Yahoo Content Analysis31 or Google BigQuery services32, would be a feasible

alternative.

Algorithm 1 Building User Profile - Extracting Academic Interests

1: procedure extract academic interest(publications list)
2: empty academic interests
3: convert the publications list PDFs to text format
4: for each text do
5: split the text into an array of words
6: remove stop words (‘the’, ‘an’, ‘we’)
7: for each word do
8: tft,d = number of occurrence . calculate tf
9: tft,d,y = tf with publication year . adjust tf based on year published

10: tft,d,y,l = tf with location of the term . adjust tf based on location
11: idft = log N

dft
. calculate idf

12: tf -idft,d,y,l = tft,d,y,l × idft . calculate tf-idf
13: end for
14: end for
15: sort terms by the tf-idf scores, highest first
16: insert the top ten terms to the academic interests
17: return academic interests
18: end procedure

These academic interests are used extensively in many iScholar modules that will

be discussed later.

Past works

It is intuitive that a researcher’s publications list reflects the researcher’s past research

interests [66]. Information from a researcher’s past papers’ references and other pa-

pers that cited the researcher’s paper can be modeled and integrated to iScholar’s

user profile. Past works are a part of the data that iScholar integrates into rec-

ommendation processes. For getting the information, iScholar adapts Kazunari and

Min-Yen [66]’s proposed method that constructs user’s interests profile derived from

the past publications list. For each paper p of a researcher’s publications list, p is

transformed into a feature vector fp [66]:
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fp = (wt
p
1, wt

p
2, ..., wt

p
m), (4.3)

where m is the number of keywords (distinct terms) and tk(k = 1, 2, ...m) refers to

each keyword. Using term frequency, each element wt
p
k of fp are defined as follows [66]:

wt
p
k =

tf(tk, p)∑m
s=1 tf(ts, p)

, (4.4)

where tf(tk, p) is the frequency of term tk in a paper p. In this Kazunari and Min-

Yen [66] method, term frequency is preferred over tf-idf because the number of a

user’s publications list tends to be small.

Based on the set of feature vectors fp, a user’s profile regarding his/her past

publications is created using the relations between each published paper and its ci-

tation/referenced papers. To clarify, citation papers are the papers that the paper

is citing and referenced papers are the papers that are referencing the paper. Let

W pu−>v be the multiplicative coefficient where citation paper is u and referenced pa-

per is v. Weights are assigned to apply the influence of citation/referenced papers.

Those who are interested in the three different weighting schemes can find them in

Kazunari and Min-Yen [66]’s original paper. The linear combination weighting scheme

(W pu−>v = 1) is used in iScholar for simplicity. The scheme treats each neighbouring

paper v the same with the researcher’s own paper u.

Let us say a researcher has published papers pi(i = 1, ..., n). Each paper pi may

cite other papers: pi−>refy(y = 1, ..., l), and it also may be cited by other papers:

pcx−>pi(x = 1, ..., k). The feature vector F pi for each paper pi are constructed, using

its citation papers fpcx−>pi , their weights W pcx−>pi , referenced papers fpi−>refy , their

weight W pi−>refy :
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F pi = fpi +
k∑

x=1

W pcx−>pifpcx−>pi +
l∑

y=1

W pi−>refyfpi−>refy . (4.5)

Finally, using equation 4.5, the user profile Puser is constructed:

Puser = W pn−>1F p1 + W pn−>2F p2 + ... + W pn−>nF pn

=
n−1∑
z=1

W pn−>zF pz + F pn ,
(4.6)

where W pn−>z refers to each weight assigned to paper pn−>z.

The feature vector of each candidate paper is constructed. Then the cosine sim-

ilarity between the user profile and the constructed feature vector is calculated as

follows [66]:

sim(Puser, F
Prec) =

Puser · F Prec

|Puser| · |F Prec|
. (4.7)

Algorithm 2 presents how candidate papers are compared with a researcher’s con-

structed user profile and so how certain papers are selected to recommend.
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Algorithm 2 Recommendation - Selection of Papers Relevant to User Profile

1: procedure recommend papers(constructed user profile, candidate papers)
2: for each candidate paper do
3: WPrec

tk
= tf(tk,P rec)∑m

s=1 tf(ts,P rec)
· log N

df(tk)
. use td-idf

4: . tf(tk, P rec) is the term frequency of term tk
5: . N is total number of papers to recommend
6: . df(tk) is the number of papers in which the term tk appears
7:

8: fPrec = (WPrec
t1 ,WPrec

t2 , ...,WPrec
tm )

9: . calculate the feature vector
10: . m is the number of distinct terms, tk is each term
11:

12: FPrec = fPrec +
∑k

x=1W
pcx−>Precfpcx−>Prec +

∑l
y=1W

Prec−>refyfPrec−>refy

13:

14: sim(Puser, F
Prec) = Puser·FPrec

|Puser|·|FPrec|
15: . compute similarity between the Puser and FPrec

16: end for
17: rank the set of candidate papers in decreasing order
18: return the top ten papers
19: end procedure

The algorithm returns top ten similar papers to a user profile. The iScholar client

then shows the recommendations to the user.

Reading history

The other source that iScholar integrates into recommendation processes with past

works is the reading history of a user. It is assumed that the more times a researcher

reads a paper the more the researcher is interested in the paper. So papers that are

similar with the papers in the user’s reading history are likely to be close to what the

user wants. Every time a user clicks a paper (so assuming reads it) the system logs

the title of the paper. If a paper is read by a user more than five times, the paper

goes to the user’s frequently read list. Once a user asks the system to recommend

papers to read, the system considers the frequently read list and recommends similar

papers with the list. The list is used by the personalize module in the server when it

61



decides how a candidate paper for a recommendation is similar to the user profile(refer

Algorithm 3).

4.5.3 Database Design

iScholar uses Google Scholar as the external publications database, but it main-

tains its own conferences database. This section explains the databased design -

selection of the database sources, data representation, and gathering the data.

Publications database - Google Scholar

One of main objectives of iScholar is to provide multidisciplinary searches and a full-

text of articles. According to Google Scholar33, their coverage includes conference

papers, theses and dissertations, books, pre-prints, and other scholarly literature from

broad areas of research. By utilizing Google Scholar, iScholar can provide the same

broad coverage. One other big advantage is that Google Scholar provides links to

full-text as long as it can. Unless a student or scholar has individual subscriptions for

journals, they mostly access the journal papers only when they are within a university

or library that has a subscription for the journals. Google Scholar gives freedom from

such limitation. Google Scholar thus fulfills, in large part, the requirement of iScholar.

One consideration is that there is little concrete information about how Google

Scholar ranks publications. One study [7] suggested that Google Scholar’s ranking

algorithm focuses on citation counts based on the fact older articles are often retrieved

in top positions. However, how Google Scholar ranks publication and which factors

Google Scholar treats more importantly is still relatively unknown. Being uncertain

at the database’s ranking algorithm could affect the system’s search logics.

The other consideration is that not all links to full-text are available through

Google Scholar. If Google Scholar has a direct link to a paper it displays the link along
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with where the paper is physically located, for example “psu.edu” or “uregina.ca.”

If it does not have a link to a certain paper it displays another link that might take

users to a publisher’s website which might need a subscription. Suggestion of Google

Scholar for this matter is to click on a link labelled “All versions” under the search

result and try alternative sources. At this moment only one depth searching will be

performed for simplicity but in the future availability of full-texts might be improved

by applying multi-depth searching as suggested.

Conferences database - WikiCFP

The aim is to automatically gather conferences information by facilitating one of

the existing services. There are online directory services that manually store data for

conferences such as confsearch34, Conference Alerts35, Microsoft CFP Calendar36, and

WikiCFP37. Since individual organizational services, e.g., IEEE conferences or ACM

conferences, provide only their own publications, they are not under consideration.

The following briefly introduces each service and discusses the availability.

Confsearch: Confsearch provides searching functionality and additional analysis

such as graphical dates representation and ratings. Since it is based on DBLP (Com-

puter Science Bibliography38) data for conferences, the domain is limited to computer

science area, and some additional information, for instance website URL, start and

end dates, etc, might be missing unless a user manually modifies the meta-data.

Conference Alerts: As the name suggests, it is mainly used for getting upcoming

interested-events alerts. Anyone who has an organizer account can update an event to

the database, and a user can subscribe to an alert by keyword or place. The database

is maintained by organizers who wish to promote their conferences.

Microsoft CFP Calendar: Microsoft visualizes calls for paper announcements.

CFP calendar makes it easy to check submission deadline, acceptance notification
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dates, and duration of the conferences in an organized way. It also provides two ways

of visualization, namely timeline-view and map-view. Microsoft provides academic

search API for publications, but unfortunately not for the calls for paper data.

WikiCFP: WikiCFP has been a major portal for academic paper submission dead-

lines in the computer science community [36]. It is a semantic wiki for calls for

papers. According to the website, CFP data is released free for academic purposes

and crawling is also permitted as long as each query is issued at more than five seconds

interval.

First, iScholar does not need past data for conferences because iScholar recom-

mends a conference that one can possibly submit to or attend. Therefore it only uses

upcoming ones. Besides, commercial databases or databases that are hard to crawl

because of visualization are ruled out. With all these considerations, WikiCFP is

selected as iScholar’s conference database. How to gather and compile the data will

be explained immediately below.

Conferences database crawler

Database crawling module is located in the server-side of iScholar. It periodically

gathers and saves the data for conferences. The module decodes target webpage(s)

(WikiCFP), identifies new data for conferences, and stores it into its own conference

database. Implementation detail of this module can be found at Section 5.2.

In the future, rather than implementing the whole web-crawler from scratch, using

a pluggable open source crawler, Nutch39, is proposed [36]. It is a high-performance,

text search engine library [36].
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Conferences data representation

A CFP (Call For Paper) column is composed of seven parts. They are title, link, date,

place, deadline, abstract, and category. Table 4.2 lists the attributes and real-world

examples. Title and category attributes are used to estimate the similarity between

the current working paper and upcoming conferences. If the similarity is high enough,

the conference is recommended to submit.

Table 4.2: A CFP data representation

Attribute Description Example
Title name of the conference RecSys 2013 : ACM International Confer-

ence on Recommender

Link webpage of the conference http://recsys.hosting.acm.org/recsys13/
date when the conferece happens Oct 12, 2013 - Oct 16, 2013
Place where the conference takes

place
HONG KONG

Deadline submission deadline of the
conference

TBD

Abstract We are pleased to invite you to partici-
pate in the premier annual event on re-
search and applications of recommenda-
tion technologies, the Seventh ACM Con-
ference on Recommender Systems (Rec-
Sys 2013). The previous conferences have
been distinguished by a strong level of in-
teraction between researchers and practi-
tioners in the sharing of ideas, problems
and solutions, and the 2013 conference
will continue in this tradition. The fully-
refereed proceedings will be published by
the ACM and, like past RecSys proceed-
ings, are expected to be widely read and
cited...

Category recommender systems data mining IR
user modeling
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Chapter 5

iScholar System Implementation

Implementation of the designed system demonstrates the feasibility of the anlayzed

functionalities and developed design [59]. The final goal of this process is to gain

insights into the concepts, framework, and design alternatives [59]. Why specific

techniques are chosen over other platforms, databases, or languages is discussed in

Appendix A.

5.1 System Prototype - The Client side

iScholar client application has four model objects and five view-controllers objects.

The detail of each object is introduced in this section.

5.1.1 Model Objects

iScholarPersonalInfo Class: The class holds a user’s personal information such as

name, publications list, academic interests, downloaded papers, and reading history.

When the system is launched for the first time, it asks for the user’s name - Figure

5.1, (a). Then the system searches publications by the name from Google Scholar

and makes sure that the returned publications are actually the user’s publications.
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The user can select on button(s) - Figure 5.1, (b) - if the publications are his/hers.

The system stores the entered user name and the publications list permanently at

this point. Using the publications list, the user’s academic interests and past works

are constructed as explained in Section 4.5.2. This step is performed only once at the

first time.

(a) Capture 1 (b) Capture 2

Figure 5.1: iScholar - first time launch

Table 5.1 lists the PersonalInfoModel class properties and actual examples.
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Table 5.1: PersonalInfoModel class properties

Property Data Type Example
Name NSString ‘JingTao Yao’
Publiations NSMutableArray ‘Granular Computing: Perspectives and Ch..’,

‘Rule Measures Tradeoff Using Game-theoretic..’,
...

Interests NSMutableArray ‘granular computing’, ‘rough sets’, ‘soft comput-
ing’, ...

Downloads NSMutableArray ‘Equilibrium points in n-person games’,
‘Granular computing: basic issues and possible so-
lutions’,
...

Reading
History

NSMutableArray ‘Granular computing: an emerging paradigm’,
‘Web-based customer decision support systems’,
...

Link
(if exists)

NSURL ‘http://scholar.google.ca/citations?user
=WHpY3ogAAAAJ&hl=en&oi=ao’

iScholarPDFFileMgr Class: This class manages the downloaded files list. It

retrieves the whole list or a particular file when requested. Table 5.2 shows the class

description.

Table 5.2: iScholarPDFFileMgr class design

Design Description
Attributes private string contentspath[128] “/Users/downloads/”

private integer count how many PDF files are
stored

Operations public array getDownloadsList() returns downloads list

public array getSearchHistoriesList() returns SearchHistories list

public file *getaPDFfile returns a PDF file requested

Responsibility services various operations related to
file system

iOS for iPhone applications does not provide the direct method to draw annota-

tions (lines, circles or texts) on top of PDFs. iScholar takes these steps to resolve: 1)
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opens PDF each, not the whole file, 2) gets frame information from the page, which

the system can manipulate freely, 3) receives user inputs - lines, circles or texts. Ev-

ery time a user enters new input, the system re-draws new frame, and 4) stores each

frame itself and makes up the whole document.

iScholarBookmark Class: The articles can be bookmarked for later access. Each

bookmark data has below structure (Table 5.3). The Number attribute (how many

times a paper has been read after it was bookmarked) is stored for later use in reading

history module.

Attribute Description Type Size
Title title of the paper string 512
Date when this bookmark was created string 128
Number how many times the paper has been

read (opened)
int 4

Table 5.3: iScholarBookmark class attributes

iScholarReadHistory Class: The logical structure of a single data of each history

is given below (Table 5.4). Necessary minimum attributes for this class are date,

number, title, and download url.

Attribute Description Type Size
Date most recent time when the paper is

opened
string 128

Number how many times the paper has been
read (opened)

int 4

Title title of the paper string 512
Download
url

physical address of the paper string 1024

Table 5.4: iScholarReadHistory class attributes
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5.1.2 ViewController Objects

Model objects are implemented as designed in Section 4.5.1. It is acceptable

to combine views and controllers if they concerns each others only, called view-

controllers [44]. iScholar has five viewControllers for efficient code management in-

stead of five views and five controllers.

iScholarSearchViewController Class: This class mainly interacts with the server’s

search module. As seen in Figure 5.2, (a) below, it sends the user entered search term

to the server. The server returns the most relevant papers with the search term. Then

the class adds personalization to them by sending them to the personalize module

(Algorithm 3). Eventually the system displays the final results. Once a user selects

a paper in the list, the system opens up the PDF viewer and displays the content

of the paper (Figure 5.2, (b)). For the present the system displays the searching

results without personalization. Algorithm 3 proposes how the system personalizes

the returned search results.

Algorithm 3 Search Results Personalization

1: procedure personalize search results(returned search results, user profile)
2: for each returned search result from the server do
3: download the PDF file if available
4: build the feature vector (refer Section 4.5.2)
5: set similarity to 0
6: for each publications list and reading history do
7: Similarity += SIM(paper, publications/history)
8: adjust the search results order based on the similarity
9: end for

10: end for
11: end procedure
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(a) Capture 3 (b) Capture 4

Figure 5.2: iScholar - search view controller

Once searching results are returned from Google Scholar, the system considers the

similarity between the user and returned results and adjusts the ranking of the re-

turned searching results. It is assumed that adjusted list is likely to interest the user

more because the items are similar to the user.

iScholarProfileViewController Class: As mentioned earlier, a researcher’s name

and publications list are given by user inputs and academic interests are extracted

automatically from the publications list. Figure 5.3 demonstrates the sequence of

user profile/academic interests building processes and how they are used in the pro-

cess. The constructed user profile is shared with the server’s recommend module.

Whenever the user profile is needed the recommend module requests it to the iSchol-

arPersonalInfo model class. Users can find their information under “My Profile”

menu of the application (Figure 5.4, (a)). A researcher’s name, publications list, and

academic interests are displayed (Figure 5.4, (b)).
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Figure 5.3: iScholar user profile

(a) Capture 5 (b) Capture 6

Figure 5.4: iScholar - profile view controller

iScholarConfUpcomingViewController Class: It sends a request to the server

(particularly the DBManager module), retrieves the latest upcoming calls, and dis-

plays the list (Figure 5.5, (a)). Recently added calls for paper are highlighted by a
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different color (Figure 5.5, (b)). Once each call for paper is selected, detailed informa-

tion is shown such as the conference’s website, date and place, submission deadline,

and so on.

(a) Capture 7 (b) Capture 8

Figure 5.5: iScholar - iScholar upcoming conferences view controller

iScholoarRecommendConferencesViewController Class: Conferences are rec-

ommended by three different criteria - keywords, abstract, and the entire file that one

has been writing. The writing does not have to happen in iScholar. One can copy

his/her abstract from another word or PDF file and paste it to the view- controller.

Recommend by Keywords

The most basic scheme is recommendations by keyword(s) (Figure 5.6, (a)). As

an example, if a user wants to search conference(s) that are related to mobile learning

so the keyword are entered by the user, the client asks to the server and the server

looks up the conferences database. Then the server returns the most suitable upcom-

ing conferences and the returned list is displayed by the client (Figure 5.6, (b)). The
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actual selection process of conferences is carried out by the server (refer Section 5.2.4

- recommender module).

(a) Capture 9 (b) Capture 10

Figure 5.6: iScholar - iScholar recommend by keyword view controller

Recommend by abstract

An abstract is a paragraph that summaries a research article, so it naturally

includes important words of a paper. This scheme is somewhat similar to the “rec-

ommendation by keywords” but gives more sense to users by not missing important

word(s) of a paper since it gets a paragraph for an input. There might be chance

to produce more accurate recommendations than simply using keyword(s) for finding

relevant conferences.
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(a) Capture 11 (b) Capture 12

Figure 5.7: iScholar - iScholar recommend by abstract view controller

Recommend by PDF

At present, it is not technically viable for an iPhone application users to upload a

file to the application. For future extension, it is possible to get an input file from a

user, compare the file with upcoming conferences, and recommend the most relevant

conferences to submit.

iScholoarRecommendJournalsViewController Class: Journals data is rather

different from conferences database in terms of the frequency. Journals are published

regularly, mostly monthly or biweekly, while conference proceedings are issued usually

once a year. Even though, characters and academic interests of journals are not

changed frequently. Therefore, the journal data does not need to be updated once a

database is gathered. Because of the reasons, two separate databases and accordingly

two different view-controllers are designed.
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The user scenario for journal recommendations is similar to the conference recom-

mendations. Once a user wishes to find a journal to submit, the system run through

the same process only with the journal database and displays recommended journals.

5.2 System Prototype - The Server Side

Figure 5.8 presents the overall structure of the server-side prototype. Implemented

source codes for some modules can be found at Appendix A.2. The data layer in the

server side performs tasks associated to databases (DBManager module). The presen-

tation/application layers contain search/personalize/recommender/crawling modules.

Figure 5.8: System prototype - server side

5.2.1 Search Module

The following sequence diagram elaborates on the interactions between the client,

server, and external sides in the searching process. The client sends a query term, and

then the search module passes the query to Google Scholar. Since Google Scholar
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does not provide APIs to developers, iScholar uses a detour. Beautiful Soup40 li-

brary is used to get the ‘results html-page’ from Google Scholar and parse the html-

page. Beautiful Soup is a Python HTML/XML parser designed for quick turnaround

projects such as screen-scraping. The search module extracts title, url, author, ab-

stract, etc. It then sends extracted data back to the client side. Listing B.1 shows

the source code of this module.

Figure 5.9: Sequence 1 - Search

5.2.2 Personalize Module

Personalization can be performed before a searching by expanding/refining a user

query or after a searching by filtering/re-ranking retrieved documents [16]
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Pre-processing: query reformulation

Long queries are reduced based on quality predictors and short queries are ex-

panded with additional information [16]. Query expansion refines users’ initial queries

with additional data that could be relevant to the initial queries so that the system

might better satisfy the users’ interests. For instance, a researcher might not be fa-

miliar with term definitions if he/she is searching a new area of research. A system

could consider synonyms of entered search queries or auto-correct to the exact term

definitions. Query pre-processing techniques were not incorporated in iScholar at this

moment. How iScholar post-processes search results by re-ordering them is discussed

in the following section.

Post-processing: re-ranking retrieved results

The returned results from Google Scholar are deterministic. In other words, the

same results are returned for the same search term every time. According to Google

Scholar41, a document is weighted and ranked by various factors such as where it was

published and who it was written by, as well as how many times it was cited. As

referred earlier in Algorithm 3, iScholar adds personalization to these Google Scholar

results. The list is adjusted by individuals’ publications list and reading history so

more similar publications with an individual’s personal data are shown in the higher

position. Inputs for this module are searched papers, user profile, reading history and

the output is the personalized searched paper list.

5.2.3 Recommender Module

This module recommends papers to read, conferences to attend, and confer-

ences/journals to submit.
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Recommend papers to read

The factors iScholar considers when it recommends papers are a user’s academic

interests, past works, downloaded papers, and reading history. Algorithm 4 gives the

idea how the system models the factors and generates recommendations. Weight of

each factor is approximate based on the importance of each in my opinion, leaving

further consideration and experiment.

Algorithm 4 Recommendation - Papers to Read

1: procedure recommend papers(candidate papers, user profile)
2: for each candidate paper do
3: build the feature vector (refer Section 4.5.2)
4: set similarities to 0
5: for each academic interest (Weight0.35) do
6: similarity[i] += SIM(paper, academic interest)
7: end for
8: for each past work (Weight0.35) do
9: similarity[i] += SIM(paper, past work)

10: end for
11: for each downloaded paper (Weight0.1) do
12: similarity[i] += SIM(paper, downloaded paper)
13: end for
14: for each reading history (Weight0.2) do
15: similarity[i] += SIM(paper, reading history)
16: end for
17: rank the candidate papers according to the estimated similarities
18: end for
19: end procedure

Recommend conferences to attend

Inputs for this method are the researcher’s academic interests and calls for paper

database. By comparing the academic interests and category information of each call

for paper, output is the recommendation list (Figure 5.10). Algorithm 5 shows the

procedure.
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Figure 5.10: Recommend conferences to attend

Algorithm 5 Recommendation - Conferences to Attend

1: procedure recommend conferences(interests, conferences)
2: empty recommends
3: for each conference do
4: retrieve categories
5: if categories contain interests then
6: insert the conference to recommends
7: number = how many strings are matched
8: insert the number to recommends
9: end if

10: end for
11: sort recommends based on numbers
12: return recommends
13: end procedure
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Recommend conferences to submit

Conferences to submit are recommended based on a keyword(s), abstract, or entire

document. A user starts getting conferences recommendations by entering keywords

or an abstract. The system accesses the input and produces recommended conferences

to submit. I propose this process as two steps: 1) to extract terms and retrieve

candidate papers and 2) to compare the given input with the candidate papers and

recommends conferences that the selected papers were published. It is assumed that

if two papers are similar then it is likely that the two papers appear in the same

conference. So if one wants to publish paper A and paper A/B are similar, it is

recommended to submit the paper A to the conference that paper B was published.

1. Whether the given input is an abstract or entire file, extract technical terms,

rank them using tf-idf, and select top-ranked terms. Then retrieve candidate

papers using the selected each term as a searching query.

2. Compare the given input with each candidate paper. Rank again the candidate

papers according to the computed similarities and select top-ranked papers.

Recommend conferences that each top-ranked paper was published. Display the

recommended conferences’ information, such as latest calls for paper, research

categories, and related calls for papers.

Recommend journals to submit

eTBLAST42, proposed by Errami et al. [23], is a search engine that finds the best

matched journals based on the keywords of the input paragraph of text. The main

databases that eTBLAST searches are PubMed43, PMC44, and Clinical Trials45, fo-

cusing on medical and biomedical areas. Their idea, searching and recommending

journals to publish based on given abstract, can be applied to any academic domain
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if appropriate databases are utilized. A weighted set of keywords extracted from

a query is used to search a database, results are aligned by refining the order and

computing scores, and then the Journal Finder suggests the best journals that have

published the most similar literature to the query [23].

Lewis et al. [52] suggested the three steps procedure of the text similarity searching

using eTBLAST engine: 1) computing vector similarity, 2) measuring weighting score,

and 3) ranking by text alignment.

1. Similarity functions: the submitted abstract by a user is converted to a vector

representation and the vector is compared with each document in database. For

the comparison, three most popular similarity functions - the cosine coefficient,

Jaccard coefficient, and Dice coefficient - were introduced.

2. Weighting Schemes: for measuring the importance of each keyword, three dif-

ference weighting schemes - tf, td-idf, and slight alteration of the td-idf, were

also introduced.

3. Text alignment: compared to the vector alignment, text alignment has an ad-

vantage in that it preserves word/sentence order information. Two variations

of text alignment - full text and sentence alignment - were examined.

It was concluded that the combination of cosine similarity function weighted with

the idf produced the best results [52]. However, the experiment were based on MED-

LINE database. It is unknown whether utilizing the other databases will conclude

the same result, and the issue remains for further study.

5.2.4 Crawling Module

Compared to journals data, data for conferences needs to be updated more fre-

quently since there is deadline date in conferences. Periodically, crawling module
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visits the WikiCFP website (refer section 4.5.3) and crawls the updated data for con-

ferences. Listing B.2 shows the source code of this module. The module first opens

the webpage, then parses the webpage using Beautiful Soup library, and inserts new

data into the conference database (refer Section 4.5.3 - the CFP data representation).

5.2.5 DBManager Module

This module provides the general database tasks such as connecting, inserting,

updating, and removing data from database. iScholar uses MySQL for storing con-

ferences/articles data.

5.3 System Evaluation

5.3.1 Accuracy

Evaluating a recommender system involves establishing what good recommenda-

tions are and how the efficiency is measured [24]. Recommender systems should find

the most accurate items to recommend, but there are also other important factors,

such as diversity, persistence, serenity, and so on [64]. One advantage of getting rec-

ommendations is to have a chance to encounter articles they would otherwise never

be found. The recommended articles might come from other disciplines of study or

other locations of the world. They bring different viewpoints, which in turn will

help to broader one’s knowledge. Mobile devices have advantages of getting more

personal information as discussed, so chances are higher that mobile recommender

systems could generate more relevant and personalized recommendations based on

the information.

To evaluate how much accurate recommendations iScholar produces, I performed
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getting conference recommendations by keyword(s) for different terms and analyzed

the relevance between the keyword(s) and recommended conferences (Table 5.5). The

time of the experiment was December 2013, and the conferences database contained

177 records.

Table 5.5: Conferences recommendations by keyword(s)

Search term Recommended conferences
‘data mining’ AMT 2014: The 2014 International Conference on Ac-

tive Media Technology

BigPMA 2014: The 1st International Workshop on
Pattern Mining and Application of Big Data

BIH 2014: The 2014 International Conference on
Brain Informatics and Health

COPEM 2014: Special Issue of Neurocomputing jour-
nal on Solving Complex Machine Learning Problems
with Ensemble Methods

ECMLPKDD 2014: European Conference on Machine
Learning and Principles and Practice of Knowledge
Discovery in Databases

GeoRich 2014: First International ACM Workshop
on Managing and Mining Enriched Geo-Spatial Data
2014

IDA 2014: The Thirteenth International Symposium
on Intelligent Data Analysis

MSDM 2014: Meeting on Statistics and Data Mining

PAKDD-SocNet 2014: International Workshop on
Data Mining in Social Networks

WSCBD 2014: Web-scale Classification: Classifying
Big Data from the Web

‘web intelligence’ WI 2014: International Conference on Web Intelli-
gence

WIB 2014: Web Intelligence and Bioinformatics

For comparison, I used the search box from WikiCFP with the same search terms

(Figure 5.11). In the case of ‘data mining’, iScholar produced ten recommendations

and WikiCFP produced 46 searching results. It is noted that WikiCFP matches
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both keywords ‘data’ and ‘mining’, whereas iScholar only matches the entire phrase

‘data mining.’ Therefore, WikiCFP produces broader searching results but some

conferences of the list seem to be irrelevant to the search term. On the other hand,

iScholar only matches conferences that were classified in the data mining category.

Figure 5.11: Conference search - WikiCFP

A decision on usefulness of the ten recommendations may vary from one researcher

to the other. As a junior researcher who has not much experience on data mining, I

find eight conferences out of ten recommendation look strongly related to the area but

the rest two may not be very relevant to my interest (i.e., AMT 2014 and BIH 2014).

Nevertheless, the serenity, one of other important factors of recommender systems

that were discussed earlier, is showing by recommending multidiscipline areas, for

example data mining techniques in the medical area which would have been difficult

to find without recommendations.

Table 5.6 shows more search results with different terms. Whether returned con-

ferences are related to the search terms cannot be decided systemically, so I examined

the abstract and provided links for calls for papers.
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Table 5.6: Conferences recommendations matrix

Search term Recommen-
dations

Related
conferences

Irrelevant
conferences

Accuracy

artificial intelligence 11 7 4 63.64%

software engineering 8 6 2 75.00%

network 20 16 4 80.00%

cloud computing 7 5 2 71.43%

rough sets 1 1 0 100.00%

It is concluded that in the case of recommending by keyword(s), since no per-

sonalization is involved in this case, the quality of database decides the recommen-

dation results. If the title and category of conferences include right keyword(s), the

conferences will appear in search results. Not only titles and categories, further con-

siderations on abstract field would be helpful to find out more related conferences.

Moreover, contextual and personal information may be also integrated in this case of

recommending conferences to submit.

5.3.2 Building User Profiles

To demonstrate how iScholar extracts academic interests from previous publica-

tions, I used five recent publications of my supervisor46. In figure 5.12, the top ten

terms from each paper were extracted first, then among the fifty extracted terms the

highest top ten terms were selected to his academic interests. The result show that

two selected terms are rather general (i.e., computing and information) and one is

not very meaningful (i.e., F), but the other seven actually reflect his academic pro-

file. Only five publications were considered in this case, but if the full list of his

publications are used the closer terms would be extracted.
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Figure 5.12: user profile.py

A point to be considered is that some junior researchers might not have enough

number of publications to build his academic interests. To compensate this, it would

be useful if the system has a way for users to review extracted interests and modify

them manually.

Figure 5.13 shows the sequence of constructing one’s past works (refer - Algo-

rithm 2). For each candidate papers the feature vector is constructed. Again for my

supervisor’s paper, fp is the calculated vector of keywords for his latest paper. The

keywords (e.g., Decision-theoretic rough sets or Binary logistic analysis) were entered

manually at this moment. It was found that the value for the second and third are

zero in the constructed feature vector. In the case of keywords are composed of more

than two word, simply getting term frequency may not work properly because the

terms may not always used together in the paper. Further consideration on utilizing

multi-terms and long keywords is needed for that case.
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Figure 5.13: past works.py

5.3.3 Experience Gained from the Prototype Development

The experience gained throughout the development process of iScholar prototype

has revealed several interesting aspects including:

• Privacy issues are important in context-aware systems since the level of user

profiles and preferences may disclose substantial personal information about

a user. Further integrations of privacy preserving models for context-aware

systems [11, 45] will be worthwhile.

• Proactivity is one useful aspect of mobile device because mobile users are of-

ten less focused [10]. Some introduced proactive systems are Place-Its [26], a

location-based reminder, and Newspy6, a news aggregation alerter. Though

iScholar does not consider proactivity at this moment, an example of future
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feature extensions of an academic assistant would be an automatic displaying

of a presenter name, title of the presentation, and other related information

when a user enters a conference’s presentation room.

• Evaluating a recommender system involves establishing what good recommen-

dations are and how the efficiency is measured. Accuracy, user satisfaction,

and satisfaction of the recommendation provider constitute important aspects

of evaluating recommender systems [24]. In iScholar’s case, since the designed

recommendation part has not been implemented in the prototype yet, concrete

experimental data or user surveys cannot be provided, leaving them for further

considerations.

• One of the biggest questions would be whether iScholar recommends papers/-

conferences that make sense to users. To answer this it has to be first observed

that users are actually satisfied with the recommendations. It is noted, how-

ever, using past publications and academic interests that are from the past

publications might not be very useful if one is transitioning research interests.

iScholar uses one’s academic interests as a ‘search term’ to retrieve related arti-

cles/conferences and discover ‘closer’ articles among them based on one’s other

contextual data (e.g., previous publications and reading history). It only consid-

ers past line of research but not current interests that have not been published

yet. This direction is not catered to by iScholar at present.

• One of main objectives of iScholar was to offer links to a full-text so mobile

users can readily download and store into their devices. While Google Scholar

provides the links as possible, not all links are supported. If an article is accepted

recently there is higher chance that it appears in the search results but the link

to a full-text is not available.
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Further, one might question whether any highly relevant papers/conferences

are not being recommended. A system might fall into a bias by user profiles

and miss important articles/conferences in a research area. It might be helpful

if iScholar offers, along with a ‘selective’ list, a list of all retrieved results.

In addition, providing different kinds of lists, such as influential authors in

one’s field or publications from peer reviews only, would alleviate the bias and

convince users about the quality of recommendations.

• How research support systems will apply location and time context from mo-

bile devices in a better way still needs to be addressed. For some scholars,

for example those who are looking for a PhD study so needing to know where

the professors with similar interests are located, where articles were published

and by who conferences were organized might be interesting. By utilizing the

locational context from mobile devices, a system might offer graphical represen-

tations of recommended articles and conferences. Another example of exploring

the location-awareness of mobile devices would be a social sharing one’s interests

or search queries. For instance, one could view others’ search queries around

the person so he/she might get an idea of what others are interested in a specific

location, e.g., one’s office or the location when one attends a conference.
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Chapter 6

Conclusion

The introduction of mobile technology has recently improved research endeavors

including research planning, literature searching, and data gathering. Yet little at-

tention has been paid to an adaptation of mobile technology into research support

systems. Some existing mobile application might be useful when conducting scientific

research. However, in some ways each has own limitations. The objective of this

research is to integrate and introduce the new technology in building more effective

research support systems. Architecture of mobile research support systems (MRSS) is

proposed along with the design of a research support system specialized for literature

review.

It was the main purpose of this study to identify how mobile technology may help

researchers and potential future developments. In order to do so, research processes

from previous studies were reviewed first and detailed steps of the selected framework

were identified. Real-world examples of mobile aids for each step were surveyed.

Among the identified stages, the literature review was highlighted since it is believed

to be one of the most important activities during the research process. Mobile tools

particularly for literature review were also discussed.
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iScholar, a mobile exploring/retrieval support system, was presented. It is an infor-

mation retrieval and recommender system that works on mobile devices for scholarly

purpose. Main functionalities of the system - multi-source database discovering, per-

sonalized search results, and papers/conferences recommendations - were proposed.

The system architecture was established and the details of the system were designed.

Finally, details and algorithms for searching database, personalizing searching, and

recommending papers/conferences were explained.

6.1 Implications and Contributions

One of the most important responsibilities of science researchers is being up to date

on ones’ fields of study because knowledge is accumulating and changing every day.

There are many kinds of digital resources such as journals, newspapers and many

other products and services that are beyond what one can manage and handle. The

problem of making efficient use of such resources is a new challenge. The main goal of

iScholar is to reduce researchers’ overloaded efforts to find information. The system

tries to understand researchers’ information needs, and provide suitably personalized

search results.

iScholar is a mobile client application and a web-server behind that users can

search scholarly articles and get recommendations for articles/conferences. The gen-

eral principles of a new approach to perform personalization on paper/conference

recommendations were outlined, relying on ranking and selection techniques which

are crucial steps in personalization. In the modeling phase, a variety of alternatives

were introduced and rationales for technical choices were described. A researcher

model, a combination of his/her past publications as well as academic interests and

reading history, was proposed. Suggested personalized recommendations algorithms

92



for articles/conferences based on the researcher model were followed.

Designing and implementing a good support system is not a trivial task. It in-

volves through understanding of the application domain and profound insights on

background technologies. This thesis proposed the architecture and design of a mo-

bile support system for scientific research. It is hoped that the issues and designs this

study suggests can enlighten future research and further understanding on mobile

research support systems domain.

The thesis addressed mainly the mobile support for scholarly research and by

doing so the main contributions of the study are as follows:

1. The domain of scientific research and detailed processes of it are explored and

formalized. As stated earlier, this process helps to understand the application

domain of support systems. In addition, the importance of literature review is

highlighted and also the sub-stages of literature review are recognized.

2. Existing mobile tools that might be utilized at each step are surveyed. For

potential future developments of research support systems, ways in which mobile

technology may help researchers are identified in the formalized research process

and the literature review sub-steps as well.

3. One architecture of mobile research support systems was proposed. The archi-

tecture may serve for future literature review support systems design. Further-

more, a mobile research support system, iScholar, was designed and a prototype

was implemented for verifying the possibility of providing better support sys-

tems.

4. New features of a research support system, personalized publications recommen-

dations and recommending conferences/journals to submit/attend, were pro-

posed. Algorithms and detailed procedures of filtering scholarly publications,
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as well as generating publications/conferences recommendations were explained.

5. How the system exploits distinguishing characteristics of mobile devices and

how the system meets considerations of the characteristics were discussed.

6.2 Future Directions

6.2.1 Experiments

Compared to commercial recommender systems, for example music or books, pa-

per recommender systems are relatively new and potentially more challenging due to

the complexity of the textual contents. In some domains, such as movies, consensus

on which recommendation technique produces more satisfactory recommendations on

specific environment has been established in some degree [64]. In general, a recom-

mendation approach is decided based on the existence of available information and

relationship between users (or elements). However, paper recommender systems are

still underdeveloped as mentioned, so there needs to be further studies on which is

the more appropriate recommendation approach.

6.2.2 Further Implementation

Some proposed features are designed but not yet implemented completely. Incor-

porating personalization when producing recommendations and recommending jour-

nals to submit are designed, but need further implementation. In addition, as one of

the future enhancements in bookmark module, users can access their bookmark on

the Web with computers so that it becomes easy to manage the list. As for another
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future improvement, citations in MLA, APA, or Chicago formats of the bookmarks

could be generated upon users’ request.
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Appendix A

Technical Documentation

Various computer science technologies, tools, and skills have been employed to

develop iScholar prototype. iScholar works on a web-server to communicate and

operate it using a mobile device. This enables the server and client codes stay separate

so that making changes in either side does not effect the entire system. Each side is

consist of:

• Server side: Python, OS X Server, MySQL Server, BeautifulSoup

• Client side: Object-C

Among many possible technical solutions, the above combination was chosen. Some

rationales are: 1) more and more people are using Apple devices, especially iPhone,

2) easy accessibility to App Store for distributing the application, and 3) high com-

patibility with other Apple devices such as iPad, iPod, etc.

A.1 Alternative Solutions

Below A.1.1, A.1.2, and A1.3 list alternative hardware/platform/database choices for

mobile support systems.
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A.1.1 Mobile Devices

• Smart phones from other manufacturers such as HTC, Motorola, Samsung, etc.

• PDAs (Personal Digital Assistant): PDAs are mobile devices that function as

a personal information manager. Most PDAs have the ability to connect to

the Internet. PDAs also have electronic visual display and audio capabilities,

enabling them to be used as mobile phones and portable media players.

• Tablets: A tablet PC is a tablet-sized computer that has the key features of a

full-size personal computer. It is essentially a small laptop computer, equipped

with a rotatable touchscreen as an additional input device, and running a stan-

dard (or lightly adapted) PC operating system like Windows or Linux.

A.1.2 Mobile Platforms

• Windows Mobile (Microsoft)*: Windows Mobile is a platform for mobile devices

based on Windows Embedded CE and used in a wide variety of Windows R©

phones. Visual Studio, Windows Mobile software development kits (SDKs),

and developer tool kits (DTKs) make it possible to create software for the

Windows Mobile platform in both native code (Visual C++) and managed code

(Visual C#, Visual Basic, .NET).

• Android (Google)**: Android is a software stack for mobile devices that includes

an operating system, middleware and key applications. The Android SDK

provides the tools and APIs necessary to begin developing applications on the

Android platform using the Java programming language.

*http://msdn.microsoft.com/en-us/windowsmobile/
**http://developer.android.com/index.html
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• BREW MP (Qualcomm)*: Brew (Brew MP, Binary Runtime Environment for

Wireless) is an application development platform created by Qualcomm, orig-

inally for CDMA mobile phones, featuring third party applications such as

mobile games.

A.1.3 API Available Academic Databases

• Microsoft Academic Search**: Microsoft Academic Search (MAS) is a free aca-

demic search engine developed by Microsoft Research. Microsoft Academic

Search provides many innovative ways to explore academic publications, au-

thors, conferences, journals, organizations and keywords, connecting millions of

scholars, students, librarians, and other users.

• SciVerse (Scopus)***: Application developers can create SciVerse applications

to improve research productivity. Also researchers can find and influence ap-

plications that customize the way they collaborate with the most relevant re-

searchers, search for insights, and manage or analyze the information that ac-

celerates science.

• PLoS (Public Library of Science)****: The PLoS Search API gives developers

access to rich data that can be flexibly integrated into applications for the web,

desktop or mobile devices. It allows PLoS content to be queried using any of

the twenty three terms in the PLoS Search. By opening the PLoS content and

data through this API we hope to encourage the development of more tools

that will improve the way PLoS users discover and interact with our (and their)

content.

*https://developer.brewmp.com/home
**http://academic.research.microsoft.com/About/Help.htm

***http://www.info.sciverse.com/sciverse-applications
****http://api.plos.org/solr/faq/
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A.2 Development Environment

A.2.1 Object-C

iScholar client is built in Object-C language. It is an object oriented language

which lies on top of the C. It is primary used in modern computing on Mac OS X as

a desktop language and also on iPhone OS. It consists of many frameworks which are

containing dynamic shared library and resources to provide services. iScholar mainly

utilizes UIKit and network frameworks to communicate with the server.

Model-View-Controller (MVC) design pattern bases its idea on the fact that model

(data) and view are independent logical entities. Controller acts as an interface

between the two. Without MVC, data and view are implemented as one object which

in turn creates problems such as difficult data management from outside the object,

creating different user interfaces with same data logic and difficult modification of

user interfaces which are tightly coupled with data.

A.2.2 Python

iScholar server side is built in Python language. It is an interpreted, object-

oriented, high-level programming language with dynamic semantics. The syntax is

simple and easy to learn, emphasizing readability and therefore reduces the cost of

program maintenance.

Python supports modules and packages, which improves code modularity and

reuse. The Python interpreter and the extensive standard library are available in

source or binary form with no charge, and also can be freely distributed.
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A.2.3 MySQL

MySQL is a freely available open source Relational Database Management System

(RDBMS) that uses Structured Query Language (SQL). SQL is the most popular

language for adding, accessing and managing content in a database. It is most noted

for its quick processing, proven reliability, ease and flexibility of use.

A.2.4 External Library - BeautifulSoup

Beautiful Soup is a Python library designed for quick turnaround projects such as

screen-scraping. It provides an easy way for navigating a document and extracting

what are needed. It parses HTML documents and creates a parse tree that can be

used extract specific data from the documents.
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Appendix B

Source Codes

B.1 Search Module

Listing B.1: search gScholar.py

import u r l parse , Beauti fulSoup , u r l l i b , u r l l i b 2 , os , re

#paper search

#ur l example : h t t p :// s cho l a r . goog l e . com/ scho l a r ?q=rough s e t

q = u r l p a r s e ( os . env i ron [ ‘REQUEST URI ’ ] ) . query

text = u r l l i b . unquote ( q )

#open the u r l page and get the r e s u l t s html page

u r l = ‘ http ://www. goog l e . com/ s c h o l a r ? ’ + q

opener = u r l l i b 2 . bu i ld opene r ( )

opener . addheaders = [ ( ‘ User−agent ’ , ‘ Moz i l l a /5 .0 ’ ) ]

html = opener . open ( u r l )

h t m l s t r i n g = html . read ( )

soup = Beaut i fu lSoup ( h t m l s t r i n g )

for g s r in soup ( ‘ div ’ , { ‘ c l a s s ’ : ‘ g s r ’ }) :

f o r g s r t in g s r ( ‘ h3 ’ , { ‘ class ’ : ‘ g s r t ’ }) : #ex t r a c t t i t l e

#pr i n t g s r t . s t r i n g
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for a in g s r t ( ‘ a ’ ) :

p = re . compi le ( r ‘<.∗?> ’ )

t i t l e = p . sub ( ‘ ’ , s t r ( a ) )

paperL i s t . append ( s t r ( t i t l e ) )

f o r gs md wp in g s r ( ‘ d iv ’ , { ‘ class ’ : ’ gs md wp ’ }) : #e x t r a c t u r l

pdf = gs md wp . f i n d ( ‘ a ’ ) [ ‘ h r e f ’ ]

paperL i s t . append ( s t r ( pdf ) )

. . .

p r i n t paperL i s t #return the ext rac t ed r e s u l t s

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−

B.2 Crawling Module

Listing B.2: build conference db.py

import mysql . connector , Beauti fulSoup , u r l l i b 2

#ge t the newest conference page from WikiCFP

u r l = ‘ http ://www. w ik i c fp . com/ c fp / a l l c f p ’

opener = u r l l i b 2 . bu i ld opene r ( )

html = opener . open ( u r l )

pageSource = html . read ( )

soup = Beaut i fu lSoup ( pageSource ) #parse the html page source

#i d e n t i f y the t a b l e conta in ing the con f e r ence data

a l l t a b l e s = soup . f i n d A l l ( ‘ t a b l e ’ , { ‘ c e l l padd ing ’ : ‘ 3 ’ })

for t r in rows :

#ex t r a c t conference names

event td s = t r . f i n d A l l ( ‘ td ’ ,{ ‘ rowspan ’ : ‘ 2 ’ })

f o r event in event td s :

c f p even t = event . t ex t

#e x t r a c t event l i n k

c f p l i n k = a [ ‘ h r e f ’ ]
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. . .

#in s e t new CFP in to database

cnx = mysql . connector . connect ( user name , db name )

query = ( ‘INSERT INTO c f p s ( c fp event , c f p l i n k ) VALUES (%s , %s ) ’ )

data query = ( c fp event , c f p l i n k )

data query = ( c fp event , c f p l i n k )

cur so r . execute ( query , data query )

cnx . commit ( )

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−
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