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ABSTRACT 

 

 

With the rapid increase in information availability, it is nearly impossible to stay 

current with advances in knowledge. The overarching question that my dissertation seeks 

to address is how to design Web-based knowledge management systems (KMS) to 

alleviate this problem by providing search and analysis support for individuals to access 

and understand the accumulated knowledge in an effective and efficient way. 

Specifically, designing and implementing consistent representation of heterogeneous 

data, enabling efficient and user-friendly search support, and supporting advanced user-

interactive analysis and visualization are important issues to address. Certain Information 

Systems and cognitive theories can be leveraged to guide the design and evaluation of 

these systems. In addition, the evaluation results can further validate and extend theory. 

This helps to bridge the design-science paradigm and the behavioral-science paradigm.  

The research studies in my dissertation involve the development of Web-based 

KMS based on different types of data sources. Such systems aim to support decision 

making and can be important for researchers, practitioners, business investors, and policy 

makers. Chapter 2 develops a Web-based KMS, Arizona Literature Mapper, which 

allows users to gain comprehensive understanding of bioterrorism research. The data 

source of Arizona Literature Mapper is scientific publications. The system integrates 

techniques for content analysis, network analysis, and information visualization. Two 

user studies were conducted to evaluate the performance of Arizona Literature Mapper. 

Guided by cognitive fit and cognitive load theories, Chapter 3 develops a Web-based 
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KMS, Nano Mapper, to support users’ search and analysis of nanotechnology 

developments. The data sources include patent documents from world leading patent 

offices and NSF grand documents. Controlled experiments were conducted to evaluate 

the functions of Nano Mapper. The Web-based KMS developed in Chapters 4 and 5 is 

the Dark Web Forum Portal (DWFP) which aims to manage user-generated multilingual 

social media content. In Chapter 4, theories of the mental workload, task-technology fit, 

and unified theory of acceptance and use of technology (UTAUT) are used to guide the 

design and development of the system, and a new theoretical model is proposed to extend 

theory. Chapter 5 conducts two evaluation studies to comprehensively evaluate the 

performance of the system. The first study compared its performance with the benchmark 

system based on efficiency, effectiveness, and all the dimensions in the D&M IS Success 

Model. The second study further tested and validated the D&M IS Success Model in 

social media context. 

Overall, these research studies in my dissertation contribute to the literature on 

system development, knowledge mapping, technology acceptance and adoption, and 

human cognition and decision making. 
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CHAPTER 1. INTRODUCTION 

1.1 Web-Based Knowledge Management Systems 

With the rapid increase in information availability, it is nearly impossible to stay 

current with advances in knowledge. This explosive growth in information availability 

can lead to significant information overload for individuals who are trying to stay current 

in a particular domain. By providing search and analysis functionality, Web-based 

knowledge management systems (KMS) enable individuals to access and understand the 

accumulated knowledge in an effective and efficient way. To help alleviate information 

overload, a Web-based KMS has to be capable of integrating and consistently 

representing heterogeneous data, enabling efficient search support with user-friendly 

search interface designs, and providing advanced and user-interactive analysis and 

visualization support. 

Various KMS have been developed to provide access to different sources of 

scientific knowledge. Examples include MEDLINE, generated by the National Library of 

Medicine (http://www.nlm.nih.gov/), for medicine related publications; Web of Science 

(http://scientific.thomson.com/products/wos/) for research publications in a broad range 

of domains; and Web-based systems, maintained by world leading patent offices, to 

access patent documents. Although most of the Web-based KMS provide fast and 

interactive search functionality, few of them have incorporated advanced analysis support 

as well. In addition, few of them have included multilingual data sources. Further, no 

system has utilized the vast amount of user generated, social media data. To understand 

the success of Web-based KMS, previous studies have shown that the fit between the 

http://www.nlm.nih.gov/
http://scientific.thomson.com/products/wos/
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tasks and the technology provided by a system can positively influence users’ perception 

of its ease of use (Dishaw and Strong 1999; Klopping and McKinney 2004; Wu et al. 

2007) and usefulness (Klopping and McKinney 2004), and users’ intention to use it in the 

future (Klopping and McKinney 2004). However, prior work has not explicitly examined 

the relationship between cognitive processing and acceptance of information systems. 

 

1.2 Design Science and Behavioral Science Paradigms 

In information systems (IS) research, design science and behavioral science are 

two important paradigms. The design science paradigm ―seeks to create innovations that 

define the ideas, practices, technical capabilities, and products through which the 

analysis, design, implementation, management, and use of information systems can be 

effectively and efficiently accomplished‖ (Hevner et al. 2004, p. 76), while the behavioral 

science paradigm ―seeks to develop and justify theories (i.e., principles and laws) that 

explain or predict organizational and human phenomena surrounding the analysis, design, 

implementation, management, and use of information systems‖ (Hevner et al. 2004, p. 

76).  

Although they are distinct paradigms involving different methodologies, they are 

complementary and can influence each other (Gregor 2006). Behavioral science theories 

can provide guidance to the design of the functionality of information systems and the 

use experience of these systems can provide insights, thus leading to the correction of 

current theories or the creation of new theories. Following this line, in my dissertation, I 

propose a research framework to leverage the two paradigms by using theories to guide 
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the design of a Web-based KMS and, in turn, using the Web-based KMS to validate and 

extend theory. As mentioned by Gregor (2006), design science and behavioral science are 

strongly interrelated – ―knowledge of people and information technology capabilities 

informs the design and development of new information system artifacts‖ (p. 629). 

Specifically, my focus is on using knowledge mapping techniques to develop Web-based 

KMS and leveraging IS and cognitive theories to guide the design and evaluation of these 

systems.  

 

1.3 Dissertation Framework 

As shown in Figure 1.1, my dissertation framework contains two key elements: 

design science and behavioral science.  

 

Figure 1.1 My dissertation framework 



17 

 

Research questions related to the design science part include: 

 How to design Web-based KMS? 

 How to integrate various data sources? 

 How to develop effective search support?  

 How to develop other advanced functions? 

Techniques that can be used to address the above research questions include: 

Knowledge Mapping, Web Interface Design, Text Mining, and Information Visualization 

(Börner et al. 2003; Chen and Roco 2008). In general, Knowledge mapping offers holistic 

portrayals of the collective domain knowledge and leverages visualization to present the 

search and analysis results. It embraces methods, models, algorithms, and techniques that 

can be implemented to support individuals in their search and analysis of accumulated 

knowledge, thereby revealing focal topics, essential subdomains, principal knowledge 

creators, or emerging trends (Börner et al. 2003; Chen 2003). Web interface design is an 

important issue associated with systems that aim to provide knowledge mapping support. 

The goal of Web interface design is to make users’ interactions with the Web-based KMS 

as simple and efficient as possible, in terms of accomplishing user goals. Good Web 

interface design can better support users’ information searching and understanding. 

Text mining and information visualization are two important enabling techniques 

for knowledge mapping. Text mining involves the process of structuring input text 

documents, extracting patterns within the structured data (i.e., documents), and 

evaluating and interpreting the output (Börner et al. 2003; Shiffrin and Börner 2004).  In 

knowledge mapping, text mining can be used to identify important subjects or topic areas 
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embedded in the title, abstract, or main body of documents. Knowledge mapping requires 

information visualization for presenting search or analysis results to users in a cognitively 

efficient, intuitive, and easily comprehensible manner. Shneiderman (1996) examines 

various information representation methods and classifies them as one-dimensional (1D) 

representation, two-dimensional (2D) representation, three-dimensional (3D) 

representation, multidimensional representation, tree representation, network 

representation, and temporal representation. 

The above research questions and techniques are related to the design science 

paradigm. The other component in my dissertation framework includes research 

questions and related theories in the behavioral science paradigm. Specifically, research 

questions include: 

 How to evaluate Web-based KMS?  

 Which theories can guide the design and evaluation of Web-based KMS? 

 What are the important factors that lead to the success of Web-based KMS? 

Theories that can be leveraged to answer these research questions include: 

Unified Theory of Acceptance and Use of Technology (UTAUT: Venkatesh et al. 2003), 

DeLone and McLean (D&M) IS Success Model (DeLone and McLean 1992; DeLone and 

McLean 2003), Cognitive Load  Theory (Sweller 1988), Mental Workload (Hancock and 

Meshkati 1988), Cognitive Fit Theory (Vessey 1991), Task-Technology Fit (Goodhue 

and Thompson 1995). UTAUT is a widely used theory to understand user intentions to 

use a system and subsequent usage behavior. The D&M IS Success Model indentifies the 

factors influencing user satisfaction and use. Cognitive load theory and mental workload 
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can be used to assess the cognitive burden imposed on a user when using a Web-based 

KMS to perform tasks. Cognitive fit theory and task-technology fit theory can be used to 

assess whether the functions of a Web-based KMS fit the requirements of the tasks that 

users are going to perform with the system. 

Overall, my dissertation aims to bridge the design science and behavior science 

paradigms by leveraging theories to guide the design of Web-based KMS and then using 

the system evaluation results to further validate and extend theory. 

 

1.4 Summary of Dissertation Chapters 

Chapter 2 provides the detailed description of the development and evaluation of 

Web-based KMS for scientific publications. The system, Arizona Literature Mapper, 

allows users to perform general literature search, bibliographic analyses, co-authorship 

analyses, and topic trend analyses. The search function of Arizona Literature Mapper 

supports searches of published articles about human or animal bioterrorism agents and 

diseases. The bibliographic analysis function shows the productivity of individual 

researchers, institutions, and countries. The co-authorship analysis function reveals the 

collaborations among researchers, whereas the topic trend function allows users to 

identify emerging topics and trends in bioterrorism research. Together, these functions 

enable users to gain an overall understanding of global bioterrorism research in an 

effective and time-efficient manner. After its creation, two user studies were conducted to 

evaluate the performance of the search function and other analysis functions of Arizona 

Literature Mapper based on efficiency, effectiveness, and constructs from the technology 
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acceptance model (TAM: Davis et al. 1989). The results demonstrated that users had 

favorable impressions of various functions of Arizona Literature Mapper. 

 Chapter 3 presents the design and implementation of Nano Mapper, a Web-based 

KMS to support users’ scientific information search and analysis in nanotechnology. 

Nano Mapper provides integrated access and consistent functionality to various scientific 

data sources including nanotechnology related patents from world leading patent offices 

and grant documents from NSF. Nano Mapper’s design is guided by theories of human 

cognitive processing – cognitive fit theory (Vessey 1991) and cognitive load theory 

(Sweller 1988). User evaluations of Nano Mapper demonstrate that it performed better in 

search functionality than two key benchmark systems – USPTO and NSF—in terms of 

efficiency and accuracy.  It was also evaluated more favorably than the benchmark 

systems on a number of perceptual dimensions (i.e., ease of use, usefulness, satisfaction, 

behavioral intention). Users also evaluated the analysis functions favorably on the same 

set of dimensions. Nano Mapper represents an example of leveraging cognitive theories 

to design a system to address the information overload problem in the domain of 

nanotechnology. 

Chapters 4 and 5 focus on the development and evaluation of Web-based KMS 

for multilingual user-generated content from social media. Different from traditional 

media, this new platform contains a vast amount of rich information about individuals’ 

opinions and ideas in different languages. The developed system framework provides 

integrated access to multilingual social media data. Three major functions, data 

integration, search support, and multilingual translation support are included. Compared 
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to the formal data sources used in Arizona Literature Mapper and Nano Mapper, the Web 

2.0 social media data used in this new system involves a much larger volume of 

unstructured/semi-structured multilingual content from various data sources. This could 

impose a significant amount of cognitive burden on users when searching and 

understanding information.  

Chapter 4 leverages theories of mental workload and task-technology fit, and 

UTAUT to guide the development of the system framework. A lab experiment was 

conducted to test a proposed new theoretical model. A set of survey-based measurement 

items was systematically developed to measure different dimensions of mental workload. 

The data analysis results indicate that both mental workload and task-technology fit are 

significant indicators of performance expectancy, effort expectancy, and facilitating 

conditions which in turn determine users’ intentions to use an IS in the future. The study 

bridges the design science and behavioral science paradigms by using theories to guide 

the design of Web-based KMS for user-generated content and then uses the system 

testing results to extend theory. 

Chapter 5 further evaluates the performance of the Dark Web Forum Portal 

(DWFP) developed based on the system framework. The DWFP contains a large number 

of postings from different security-related Web forums in various languages. Two 

evaluation studies were conducted to comprehensively evaluate its performance. The first 

study systematically compared the DWFP with the benchmark system (the search 

function in the original forum plus a stand-alone online translation support) based on a 

wide range of measures related to various aspects of IS adoption and success. The test 
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results showed that users achieved significantly higher efficiency and effectiveness, and 

perceived significantly higher information quality, system quality, ease of use, 

usefulness, satisfaction, intention to use, and individual and social benefits when using 

the DWFP. This demonstrated the advancement of the proposed system framework. The 

second study systematically tested and validated the D&M IS Success Model in the social 

media context. The results showed that both information quality and system quality were 

significantly important factors to influence users’ intention to use and satisfaction, which 

in turn significantly influenced users’ perceptions of the individual benefit of using the 

system. 

Chapter 6 concludes my dissertation. It highlights the major research 

contributions, relevance to MIS research, and future research directions.  
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CHAPTER 2. ARIZONA LITERATURE MAPPER: AN INTEGRATED APPROACH TO 

MONITOR AND ANALYZE GLOBAL BIOTERRORISM RESEARCH 

LITERATURE 

 

2.1 Introduction 

Biomedical research is critical to biodefense, which is drawing increasing 

attention from governments globally as well as from various research communities. In 

this chapter, I propose a Web-based Knowledge Management System (KMS) that allows 

users to gain timely, comprehensive understanding of bioterrorism research, including 

leading scientists, research groups, institutions as well as insights about current 

mainstream interests or emerging trends. Two user studies were conducted to evaluate the 

performance of the system, Arizona Literature Mapper. 

The fallout of the September 11
th

 and the subsequent anthrax attacks have made 

bioterrorism a top priority of national security (Lane et al. 2001; Richmond and 

McKinney 2007). Biodefense, the defense against bioterrorism agents domestic or 

foreign, is now drawing enormous attention from governments around the world as well 

as from various research communities (Lane et al. 2001; Richmond and McKinney 2007). 

Central to biodefense is biomedical research that targets the development and testing of 

pharmaceutical products, vaccines, or technologies for various illnesses or diseases, 

which can be used to counter bioterrorism threats or to develop deadly biological 

weapons (CDC and HHS 2005; Lane et al. 2001; Richmond and McKinney 2007). The 

U.S. government has been closely monitoring and regulating biomedical research 
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activities, particularly those studying or involving bioterrorism agents or diseases. 

Effective surveillance requires a comprehensive understanding of extant biomedical 

research and timely detection of new developments or emerging trends (CDC and HHS 

2005; Lane et al. 2001; Richmond and McKinney 2007). 

Research publications represent a critical scientific knowledge repository, thereby 

documenting scientific investigations, research activities, and key findings. The 

development of science and technology has advanced rapidly, as manifested by the 

accelerating growth in the number of research publications (Börner et al. 2003; Chen 

2003). Scientific collaborations among researchers also strengthen and are increasingly 

important in the field of biomedical research (Bruijn and Martin 2002). The rapid 

knowledge expansion, technology advancements, and spiraling collaboration networks 

demand greater support for literature search and sharing, a crucial prerequisite for further 

scientific advancements and technical breakthroughs (Huang et al. 2003a), particularly in 

the biomedical domain (Bruijn and Martin 2002; Cohen and Hersh 2005; Jensen et al. 

2006). 

The sheer volume of biomedical research articles is overwhelming and will 

continue to grow at a fast pace (Bruijn and Martin 2002; Cohen and Hersh 2005), thus 

making conventional literature search mechanisms increasingly ineffective. With 

conventional search support, researchers now have great difficulty keeping up with the 

fast-growing literature, even in well-defined specialized areas (Jensen et al. 2006). This 

underscores the need for advanced Web-based KMS that seamlessly integrate vast 
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amounts of data and documents, and provide effective search functionalities and 

visualization designs. 

Several techniques are fundamental to supporting effective literature search and 

sharing; i.e., content analysis, citation network analysis, and information visualization. 

Content analysis aims at identifying important underlying themes, patterns, or trends by 

collecting and grouping articles on the basis of authors, institutions, topic areas, 

countries, or regions (Chen and Roco 2008). Citation network analysis, premised in 

network theory (Börner et al. 2003), analyzes citation information from different 

perspectives that may include author, journal, institution, and country (Newman 2001; 

Watts and Strogatz 1998). Information visualization displays search results through static 

or interactive visual presentations of abstract phenomena, such as bibliographic data sets 

or Web access patterns (Börner et al. 2003; Chen and Roco 2008). Effective visualization 

can convey analysis results in a manner that is cognitively efficient, intuitive, or 

transparent (Zhu and Chen 2005). Although distinct, these techniques are central to 

knowledge mapping and should be integrated to develop advanced Web-based KMS. 

The current study addresses the following questions: (1) How to develop an 

integrated approach to monitor and analyze global bioterrorism research?; (2) Is a Web-

based KMS built upon this integrated approach more effective for global bioterrorism 

research analyses or surveillance than existing systems?; and (3) Will users assess such a 

system more positively, exhibit higher satisfaction with it, and show stronger intentions 

to use it in the near future, as compared with existing systems? 
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An integrated approach that seamlessly integrates advanced techniques for 

content analysis, network analysis, and information visualization is proposed. 

Specifically, Arizona Literature Mapper, a Web-based KMS that allows users to gain a 

timely, comprehensive understanding of bioterrorism research, including leading 

scientists, research groups, and institutions, as well as to obtain insights about current 

mainstream interests or emerging trends is designed and implemented. Two user studies 

were conducted to evaluate Arizona Literature Mapper. 

The remainder of this chapter is organized as follows. Section 2.2 provides an 

overview of knowledge mapping analysis and its core enabling techniques, summarizes 

important studies examining Web-based KMS, reviews representative work in knowledge 

mapping for bioterrorism, and highlights the research motivation. Section 2.3 describes 

the design and implementation of Arizona Literature Mapper. Sections 2.4 and 2.5 

provide detail information of two evaluation studies examining its search function and 

analysis functions respectively, including hypotheses, study design, measurements, 

subjects, tasks, data collection, and data analysis results. Finally, Section 2.6 concludes 

this chapter with the discussion of the study’s research contributions, important 

implications, and some future directions. 

 

2.2 Literature Review and Motivation 

This section first provides an overview of knowledge mapping analysis and 

summarizes its core enabling techniques – i.e., text mining, network analysis, and 

information visualization. Then, reviews of previous knowledge mapping research in 
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bioterrorism and representative Web-based KMS in other domains are presented. 

Furthermore, in light of prior work, the research motivation for the current study is 

highlighted. 

 

2.2.1 Overview of Knowledge Mapping and Core Enabling Techniques 

 The advancement of scientific knowledge, to some extent, can be attributed to a 

relatively small group of visionary scientists and highly prolific researchers (Crane 1972). 

They often form networks of collaboration to advance their fields of study (Newman 

2001). Knowledge mapping, as an important emerging research area, provides a 

mechanism for supporting effective and efficient searches of essential collaboration 

networks among researchers and their seminal works and publications (Börner et al. 

2003; Shiffrin and Börner 2004). Several techniques are fundamental to knowledge 

mapping, including text mining, network analysis, and information visualization (Börner 

et al. 2003; Chen 2003; Chen and Roco 2008). A summary of each technique follows. 

 Text Mining: Text mining aims to structure input textual documents, extract 

patterns from the structured textual documents, and interpret the output (Chen and Chau 

2004). In knowledge mapping, text mining can be used to identify important subjects or 

topic areas embedded in the title, abstract, or main body of documents. Different text 

mining techniques have been developed and can be broadly categorized as natural 

language processing (NLP) or content analysis (Chen and Roco 2008). Examples of NLP 

include automatic indexing (Salton 1989) and information extraction (Chen and Roco 

2008). Automatic indexing is a common NLP technique that represents document 
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contents using a vector of keywords or terms. Compared with the baseline Bag of Words 

(BOW) representation, noun-phrasing techniques for automatic indexing are capable of 

capturing richer linguistic semantics in the (input) documents. Most noun-phrasing 

techniques depend on a combination of part-of-speech-tagging (POST) and grammatical 

phrase-forming rules for extracting semantics from documents. Prevalent noun-phrasing 

tools include MIT’s Chopper, Nptool (Voutilainen 1997) and Arizona Noun Phraser 

(Tolle and Chen 2000). Information extraction is another salient NLP technique, which is 

computationally efficient for identifying important concepts from text documents 

(Shiffrin and Börner 2004). It can effectively and efficiently extract from structured texts 

essential entities of interest; e.g., names of individuals or locations. Entities embedded in 

unstructured textual narratives (e.g., date, time, number expressions, dollar amounts, 

email addresses, and URL) can also be extracted using NLP techniques that follow a rule-

based or statistical approach. Chinchor (1998) showed that effective NLP-based systems 

can extract persons, locations, organizations, date, time, currencies, and percentages from 

newspaper articles with an accuracy exceeding 90% in both recall and precision rates. 

 Content analysis represents another approach for text mining, thereby grouping 

documents on the basis of author, institution, topic area, country, or region, and analyzing 

them to identify important themes, patterns, or trends (Börner et al. 2003; Chen and Roco 

2008). Examples of prevalent content analysis-based techniques include clustering 

algorithms, self-organizing map (SOM), multidimensional scaling (MDS), principal 

component analysis (PCA), co-word analysis, and PathFinder Network (PFNET) (Chen 

and Roco 2008). Clustering algorithms organize and group similar documents or topics in 
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a hierarchical structure. A dendrogram is often generated to represent a hierarchy of 

points and their associated clusters. In particular, a hierarchical agglomerative clustering 

(HAC) algorithm is commonly used for document clustering (Willett 1988). SOM, 

developed by Kohonen (1989; 1995), consists of an unsupervised, two-layered neural 

network and can be used for clustering or dimension reduction. SOM is advantageous 

over other clustering algorithms (Börner et al. 2003) because it offers comprehensible 

visualizations of high dimensional data (i.e., a two-dimensional grid) while preserving the 

similarity between data points. Chen et al. (1996) developed a multi-layered SOM to 

categorize 110,000 Web pages according to their contents. Kohonen et al. (2000) mapped 

6.8 million patent abstracts onto a one million-node SOM. MDS and PCA are classical 

techniques for dimension reduction and have been widely used in different applications. 

Both techniques use a low-dimensional Cartesian coordinate space to approximate the 

corresponding high-dimension vectors. Co-word analysis depicts a network of concepts 

by calculating a matrix of term co-occurrence probabilities between any two terms. 

PathFinder algorithms take as input estimates of the proximity between pairs of items and 

define a network representation of the items by preserving only the most important links. 

The resulting PathFinder network (PFNET) consists of the items as nodes and a set of 

links, directed or undirected for symmetrical or nonsymmetrical proximity estimates, 

which connect pairs of the nodes. White et al. (2004) employed both SOM and PFNET to 

create ―localized‖ mapping of 24 most relevant terms given a single input term, a medical 

subject heading, a co-cited author, or a co-cited journal from the Proceedings of the 

National Academy of Sciences (PNAS), 1971-2002. Mane and Börner (2004) applied 
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Klienberg’s burst detection algorithms, PFNET, and graph layout techniques to generate 

maps for supporting the identification of important research topics or trends in PNAS, 

1982-2001. 

 Network Analysis: Social network analysis (SNA), particularly those techniques 

for analyzing complex networks, represents another stream of research central to 

examining researchers and their collaboration networks. As Chen and Roco (2008) and 

Shiffrin and Börner (2004) note, SNA can be used to segment subgroups of scientists and 

researchers, identify key people in a network, reveal their interaction patterns, and 

uncover the network organization or structure. Burt (1976) applied hierarchical clustering 

methods to identify subgroups in a social network, on the basis of some structural 

equivalence measure (Lorrain and White 1971). Several studies used blockmodel 

analysis, an SNA technique, to explore patterns of interaction between subgroups in a 

network (Wasserman and Faust 1994; Xu and Chen 2005). Blockmodel analysis can be 

used to examine a collaboration or co-author network, thereby revealing patterns of inter-

group interactions and associations as well as depicting the overall network structure. 

Several important measures have been developed to characterize individuals’ roles in a 

network, including degree, betweenness, and closeness (Wasserman and Faust 1994). The 

degree of a node denotes the number of direct links it has. The betweenness of a node is 

the number of geodesics, the shortest path between any two nodes, which passes through 

it. The closeness of a node denotes the number of all the geodesics between that node and 

every other node in the network. Together, these measures portray the importance of each 

individual in the network. 
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 Previous research has used the random graph theory (Albert and Barabasi 2002) 

to study complex networks consisting of individuals and other entities. However, many 

real-world complex networks, such as collaboration or co-authorship networks in 

bioterrorism, are not random; rather, they are often organized or governed by some 

underlying principles (Chen and Roco 2008). Prior studies examined real-world networks 

in terms of topology (Newman 2001; Watts and Strogatz 1998), evolution and growth 

(Jeong et al. 2003), robustness and attack tolerance (Albert and Barabasi 2002), and other 

network properties (Xu and Chen 2005). For example, according to Newman (2001), the 

average shortest path length between co-authors in the MEDLINE collection (with 1.5 

million nodes) was 4.6, showing that large networks often had small path lengths 

between their nodes. Yet, the MEDLINE co-authorship network had a coefficient of 

0.066 which was several orders of magnitude higher than its random counterpart, 

suggesting that real-world networks tended to have relatively high clustering coefficients 

as compared with random graphs. Further, the degree distribution function of the network 

followed the power law scaling with exponent of 1.2, showing the growth and evolution 

of the network by measuring the degrees of nodes. 

 Information Visualization: Knowledge mapping requires information visualization 

for presenting search or analysis results to users in a cognitively efficient, intuitive, easily 

comprehensible, and transparent manner (Börner et al. 2003). Information representation 

and user-system interaction designs are crucial (Zhu and Chen 2005). Shneiderman 

(1996) examined various information representation methods and classified them as one-

dimensional (1D) representation, two-dimensional (2D) representation, three-dimensional 
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(3D) representation, multi-dimensional representation, tree representation, network 

representation, and temporal representation (Shneiderman 1996). Most 1D methods 

represent abstract information using one-dimensional visual objects and display them on 

the screen in a linear or a circular manner (Eick et al. 1992; Hearst 1995). Such methods 

have been applied to display the content of single documents (Hearst 1995) or provide an 

overview of a collection of documents (Eick et al. 1992). With a 2D representation, 

information is represented as two-dimensional visual objects. The visualization of many 

SOM-based systems adopts a 2D representation to display the output (Chen et al. 1996; 

Huang et al. 2004b; Kohonen 1995; Kohonen et al. 2000). Typically, these systems 

display the categories extracted from a large collection of documents and the layout of 

each category is defined by its location in the two-dimensional output of an SOM. Spatial 

proximity on the user-interface represents the semantic proximity of the extracted 

categories. A central challenge then is how to help users deal with a large number of 

categories extracted from vast volumes of textual data. A 3D representation reveals 

information as three-dimensional visual objects, wherein common metaphors that include 

rooms (Card et al. 1996), bookshelves (Card et al. 1996), or buildings (Andrews 1995) 

are often used to convey the abstract information to be communicated to users. Multi-

dimensional representations use a three-dimensional or a two-dimensional space, often 

projecting document clusters or themes into that space using some dimensionality 

reduction algorithm. As such, textual documents are represented as a set of key terms 

analyzed to identify important themes in the documents. Both the Spatial Paradigm for 

Information Retrieval and Exploration (SPIRE) system (Wise et al. 1995) (note: SPIRE 
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has been updated over time and currently is known as InSpire) and the VxInsight system 

(Boyack et al. 2002) employ multi-dimensional representations.  

A tree representation is usually employed to show hierarchical relationships 

among objects. Common examples include tree-map (Johnson and Shneiderman 1991), 

cone tree (Robertson et al. 1991), and hyperbolic tree (Lamping et al. 1995). Network 

representations are often used when a simple tree structure is insufficient for depicting 

complex relationships. Such representations can help users to visualize the citations 

among published articles (Chen and Paul 2001; Mackinlay et al. 1995) or to understand 

the linkages among interconnected Web pages on the Internet (Andrews 1995). A 

temporal visualization can organize information according to the temporal sequence. 

Location and animation can be used as visual variables to augment the presentation 

effectiveness by revealing the temporal aspect of information. In general, visual objects 

are listed along one axis (denoting time) as they occurred, while the other axis may be 

used to display key attributes of each temporal object (Eick et al. 1992). 

 

2.2.2 Review of Web-Based KMS 

Developed by using knowledge mapping techniques, different Web-based KMS 

have been built for several domains that include business and health care. For example, 

Marshall et al. (2004) developed EBizPort, a Web-based KMS for business intelligence, 

and evaluated the system in terms of usability, information quality, and user satisfaction, 

using a prevalent system for performance benchmarking. Chung et al. (2004) developed a 

similar system, CBizPort, which supported business intelligence analyses in Chinese 
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document environments. They experimentally examined CBizPort’s information quality, 

cross-regional searching capability, and the associated user satisfaction, and reported 

encouraging results. In health care, Zhou et al. (2006) designed and implemented a 

Chinese medical portal (i.e., CMedPort), which allowed users to search for Web pages 

from local collections and meta-search engines, together with an encoding conversion 

between simplified and traditional Chinese to support cross-regional search and 

document summarization/categorization. They conducted an experiment to evaluate the 

effectiveness, efficiency, error recovery, interface, and functionality of CMedPort, 

reporting that the use of CMedPort could result in significant improvements in users’ 

search performance, compared with three benchmark regional search engines that 

included Sina, Yahoo! Hong Kong, and Openfind. 

Some studies focused on examining the visualization components of knowledge 

mapping. Chung et al. (2005) assessed users’ satisfaction with a visual framework for 

knowledge discovery. According to their findings, users exhibited higher satisfaction 

with their proposed system’s display format, interface, visualization function, and 

navigation function than those of the benchmark systems that were associated with a 

notable information overload. Zhu and Chen (2005) developed an image retrieval system 

to address a challenge common to conventional retrieval models; i.e., requiring users to 

have complete knowledge about low-level features of an image. They used recall and 

precision rates to assess the system’s performance and compared it with those achieved 

by human subjects. According to their results, the system could perform comparably with 

humans in image analysis and categorization. 
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2.2.3 Knowledge Mapping Analysis for Bioterrorism 

Terrorism is generally difficult to research because of the clandestine nature of 

terrorist groups (Merari 1991; Silke 2001). It is therefore challenging to identify essential 

intellectual structures or characteristics of contemporary terrorism literature (Reid and 

Chen 2007). Biodefense is critical to bioterrorism because its research and practice can be 

used for biological weapon developments or counter attacks. Increasingly, governments 

around the world are paying closer attention to biodefense research and practice, 

disclosing the urgency for monitoring, regulating or controlling these activities. Swanson 

(1986) pioneered the work of mining implicit knowledge (information) from biomedical 

literature to discover the association between fish oil and Raynaud disease. He used a 

literature-based method to infer new relationships; e.g., fish oil helping patients suffering 

from Raynaud disease; magnesium deficiency playing an important role in migraine 

headache; arginine intake affecting the level of somatomedin C in the blood; and 

oestrogen protecting against Alzheimer disease. These results shed light on the 

underlying cause of a particular disease or illness, and new treatment approaches or 

methods.  

Various biomedical informatics tools have been developed to combat bioterrorism 

attacks. Jensen et al. (2006) studied prevalent online biomedical informatics tools and 

identify common resources for information retrieval, entity recognition, information 

extraction, and text mining. Hu and his collaborators (Glance et al. 2005; Hu et al. 2005; 

Hu et al. 2006) took a text mining approach to identify from PubMed literature candidate 



36 

 

viruses and bacteria as potential bioterrorism weapons. For example, they cautioned the 

U.S. public health system and primary healthcare providers to be prepared for pathogens, 

which were rare in the United States historically. Their findings guided future studies and 

enlightened some promising defense measures in public health. Morris et al. (2003) used 

a time line method to analyze a set of literature related to Anthrax, a bioterrorism agent. 

They identified and visualized temporal changes in research activities of different 

research fronts related to Anthrax. For example, they found that the earliest research front 

of Anthrax, dealing mostly with immunology and some preliminary topics on toxins, was 

the origin of basic information for research that followed. In addition, there was some 

flow of information from documents in the vaccine research domain to research involving 

Anthrax bioterrorism. 

Some prior studies used bibliometrics to analyze terrorism research publications, 

thus providing an evolutionary perspective of the development of the field (Kennedy and 

Lum 2003; Reid 1983; Reid 1997). Reid (1983) applied both content analysis and citation 

analysis to identify the most frequently cited (MFC) terrorism publications. Gordon 

(1999) assessed the status of terrorism research by conducting a content analysis of a 

large collection of masters and doctoral dissertations in the terrorism domain. The 

abstract and bibliographical details of the theses and dissertations, published between 

1969 and 1997, were retrieved from Dissertation Abstract International (Gordon 1999). 

Schmid & Jongman (1988; 2005) collected and analyzed survey data to generate insights 

about terrorism of different categories; e.g., whether it was specific individuals, 

politically-based, or state-supported. They also defined a set of theories that might assist 
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in combating terrorism. Silke (2001) studied terrorism research from a psychology 

perspective, performing content analysis on a large set of articles published between 1995 

and 2000 in major terrorism journals. Through basic bibliographic analysis, content map 

analysis, and co-citation analysis, Reid & Chen (2007) developed a knowledge mapping 

framework for identifying leading researchers and salient knowledge creation approaches 

in terrorism. They analyzed the articles about terrorism from ten major databases, 

published between 1965 and 2003, and identified the top 42 core terrorism researchers, 

together with their research focus and representative work. Reid and Chen also found 

clusters of terrorism researchers interested in similar areas.  

However, few (if any) studies have examined the use of knowledge mapping to 

monitor and analyze the current status of global bioterrorism research. In addition, most 

prior studies predominantly used terrorism publications as data sources and therefore fail 

to explore the use of bioterrorism research publications for biodefense. 

 

2.2.4 Motivation  

The literature review points to several notable gaps in research. First, the efforts 

for monitoring and analyzing global bioterrorism research are limited. Second, few 

studies have investigated the use of knowledge mapping to monitor and analyze global 

bioterrorism research. Further, evaluations of Web-based KMS for bioterrorism have 

received little research attention. To address these gaps, an integrated approach to 

monitor and analyze global bioterrorism research literature was taken. Specifically, 

Arizona Literature Mapper was developed. It is a Web-based KMS for identifying 
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researchers in the field of bioterrorism agents or diseases, the collaborations between or 

among them, and the emerging topics and trends in bioterrorism agent or disease 

research. Two evaluation studies were conducted. One study is system-centric, focusing 

on the system’s search function and comparing it with that of PubMed, a well-known 

system widely used globally. Another study is user-centric, targeting the system’s three 

analysis functions: bibliographic analysis, co-authorship analysis, and topic trend 

analysis. The evaluations were methodologically rigorous and were designed to test 

hypotheses developed through the review of salient theories and synthesis of extant 

literature. The following section describes the design and implementation of Arizona 

Literature Mapper. 

 

2.3 Design and Implementation of Arizona Literature Mapper 

As shown in Figure 2.1, the design of Arizona Literature Mapper includes several 

main components; i.e., data acquisition, data parsing and cleaning, and data analysis, 

described as follows. 
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Figure 2.1 System design of Arizona Literature Mapper  

 

Data Acquisition: The data source is research articles from the MEDLINE 

database, which contains approximately eleven million records from over 7,300 journals 

published between January, 1965 and November, 2005 (http://medline.cos.com/). 

Compiled by the U.S. National Library of Medicine (NLM) and published on the Web by 

Community of Science, MEDLINE is the world’s most comprehensive source of life 

science and biomedical bibliographic information. All related articles were collected by 

using keyword filtering. Two test data sets were compiled about human and animal 

related bioterrorism agents or diseases, respectively. To construct the human bioterrorism 

agents or disease data set, 178,599 publication records from MEDLINE (1964-2005) 

were retrieved by searching article abstracts and titles using keywords from CDC’s list of 

agents by category (http://www.bt.cdc.gov/agent/agentlist-category.asp). All the 
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keywords (including those shown in parentheses) provided on the Web page were used, 

resulting in a total of 58 keywords. For the animal bioterrorism agents or disease data set, 

135,774 publication records from MEDLINE (1965-2005) were retrieved by searching 

article abstracts and titles using keywords from OIE’s list of diseases by species 

(http://www.oie.int/eng/maladies/en_classification.htm). By removing the redundancies 

among the listed animal diseases, a total of 58 different keywords related to animal 

diseases were obtained. 

Data Parsing and Cleaning: The title, abstract, author information, and 

publication date of each article were parsed out and then stored in a relational database. 

Authors’ institutions and countries were parsed using dictionaries of countries, states, 

cities, and institutions. Using these dictionaries can assure the correctness in entity, 

location, or institution names. All the authors’ names associated with an article were also 

parsed, however only the first author’s institution was retained for subsequent analyses. 

Some variations existed in foreign institution names and city names; they were  spot 

checked and consolidated manually. For example, both ―University Tokyo‖ and 

―University of Tokyo‖ appeared in authors’ institutions; they referred to the same 

institution, the University of Tokyo. In this case, the difference was reconciled by using 

―University of Tokyo‖ as the institution name. Author names may also create ambiguity. 

For the first authors, their institutions (addresses) were used for disambiguation. If two 

authors with the same name were from different institutions (addresses), they were 

considered to be different authors. However, authors with the same name and the same 

institution (address) were treated as one (the same) author. This disambiguation approach 
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was not perfect because it couldn’t distinguish different authors who had identical names 

and worked in the same institution (address). However, such cases were typically much 

rare and therefore this disambiguation approach could be considered as acceptable. The 

MEDLINE database only allowed extracting institution information for first authors. For 

the non-first authors, there was little additional information available for disambiguation. 

Hence, disambiguation was only performed for first authors. 

Data Analysis: To analyze the status of global bioterrorism research, knowledge 

mapping techniques were used to perform bibliographic analysis, co-authorship analysis, 

and content map analysis. In the bibliographic analysis, the productivity of each author, 

institution, and country on the basis of the number of articles published was examined. 

The emerging trends and the evolution of the bioterrorism agent or disease research field 

were also assessed. Co-authorship analysis was conducted to explore the collaborations 

among researchers. The co-authorship networks enable the identification of a set of 

independent, isolated research groups (i.e., independent networks), where researchers 

only had intra-group collaborations but no inter-group collaborations. SOM was used to 

examine major research topics and to discover emerging themes in different time periods. 

Arizona Literature Mapper was implemented using a three-layer system 

architecture: presentation layer, logic layer, and database layer. The Web pages were 

developed using Java Server Pages (JSP). The Web server was implemented using 

Apache Tomcat and the database was implemented using Microsoft SQL Server 2000. 

Arizona Literature Mapper was designed to support multiple users accessing the system 

and performing analyses simultaneously. The system implementation allowed Web-based 
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access, analytical functionality, and visualization. It has four main functions: search, 

bibliographic analysis, co-authorship analysis, and topic trend. 

Figure 2.2 shows the home page of the system with the search function that 

focuses on two types of search: human and animal disease related bioterrorism 

publications. To search articles on human or animal diseases, a user can specify the title, 

author’ first name, author’s last name, the publication institution, the publication country, 

the publication year range, or their combinations. The user-provided article title, author’s 

name, and institution name can be partial or complete. In response to a user-submitted 

query, the system will return a list of articles, including titles and publication dates, 

which allow users to select particular articles and review their details. 

 

Figure 2.2 Search function of Arizona Literature Mapper  
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Figure 2.3 shows a sample bibliographic analysis. By clicking the hyperlinks, a 

user can view the productivity analysis at three levels: country, institution, and 

individual. In response to a query about the productivity of different countries in human 

disease research, the result table lists the countries and their number of publications 

related to human diseases in decreasing order, with the most productive country at the 

top. As shown, the United States has the most publications, more than four times that of 

Japan, which is ranked second. United Kingdom, Germany, and France complete the top 

five most productive counties. Institution- or individual-level productivity queries will 

yield results displayed in a format with the most productive institutions or individuals at 

the top of the result table. 
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Figure 2.3 Screenshots of country productivity status on human disease research  

 

Figure 2.4 provides a sample co-authorship analysis. Users can view the 

collaborations among researchers by disease or region. Figure 2.4 shows the 

collaborations among researchers on Anthrax, a human related bioterrorism disease. 

NetDraw, a popular social network analysis tool (available at: 

http://www.analytictech.com/Netdraw/netdraw.htm/), was used to create the co-
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authorship networks. Each node represents a researcher. The larger the node, the more 

articles the researcher has published. The link between two researchers means that these 

two researchers have published an article or articles jointly. The thicker the link, the more 

articles these two authors have published together. Only researchers who published more 

than five articles are included, making the network not overly crowded. As shown in 

Figure 2.4, there are several notable groups. The largest group in the center consists of 

researchers from the United States and the second largest group is from France. Most of 

the smaller groups are from India, Israel, Italy, and United Kingdom. In each group, 

researchers collaborate closely with one another but have little collaborations with those 

outside this group. In addition to analyzing the collaborations associated with a particular 

disease, the collaborations in different regions are also examined, including countries that 

have substantial direct state-funded terrorism research (e.g., Iran, Cuba, Sudan, Libya, 

North Korea, and Syria) as well as countries in the Middle East or North Africa. The 

results indicate that researchers in state-sponsored terrorism research engage in more 

collaborated efforts on E. Coli, whereas researchers in the Middle East or North Africa 

show more collaborations in studying Q fever and Brucellosis. 
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Figure 2.4 Screenshots of collaboration status of researchers on Anthrax  

 

Figure 2.5 provides a sample topic trend in human disease research between 2001 

and 2005. The multi-level self-organization map algorithm developed by the Arizona 

Artificial Intelligence Lab (Chen et al. 1996) is used. The algorithm has been used to map 

nanotechnology patents in previous studies (e.g, Huang et al. 2004a; Huang et al. 2006; 

Huang et al. 2003b). Although they all adopt the Arizona Topic Map algorithm, this 

study is different from the prior work in some ways. First, Arizona Literature Mapper 

implements the algorithm as a core component of the system to make the analysis/search 



47 

 

results accessible online and to support various system evaluation studies. In contrast, the 

prior studies, including Huang et al. (2004a; 2006; 2003b), use this algorithm to only 

analyze the nanotechnology literature. It is not implemented in a real-world system. The 

resulting Arizona Literature Mapper system can readily be used to support online 

searches of the bioterrorism literature. Second, Arizona Literature Mapper targets 

bioterrorism research, an area critical to public health and national security that needs 

effective knowledge mapping support. This target application domain involves datasets 

and search words distinct from those for nanotechnology literature analyses. Therefore, 

the content maps in this study show the emerging research topics about bioterrorism; the 

content maps included in Huang et al. (2004a; 2006; 2003b) describe topics about 

nanotechnology.  

To make the analysis/search results accessible online and to support various 

system evaluation studies, this study implements this algorithm as a core component of 

the Web-based KMS targeting bioterrorism research, an area critical to public health and 

national security that needs effective knowledge mapping support. The nodes in the 

folder tree and colored regions represent topics extracted from the input documents. The 

topics are organized by a multi-level self-organization map algorithm. The more related 

two technology topics, as revealed by their co-occurrence, the closer they are positioned 

on the map. The number of papers pertaining to a particular topic is indicated after the 

topic’s label. The size of a topic region corresponds to the number of documents 

pertaining to the topic. Region color indicates the growth rate of the associated topic—the 

warmer the color, the higher the growth rate. The growth rate of a particular topic (or 
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region) was measured by dividing the number of articles published in a time period by 

the number of articles published in the previous time period. As shown in Figure 2.5, the 

dominating topics are ―Yersinia pestis,‖ ―Centers of Disease Control,‖ ―Protective 

antigens,‖ ―Francisella tularensis,‖ and ―Botulinum neurotoxin.‖ Some emerging topics 

are also observed, such as ―Biological weapons,‖ ―Anthracis spores,‖ and ―Smallpox 

vaccination.‖ The analysis results suggest a shifting research interest toward the use of 

Anthrax spores and biological weapons after 2000. 

 

Figure 2.5 Screenshots of the hot and emerging research topics in human disease research 

from 2001 to 2005  
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These functions of Arizona Literature Mapper can help individuals or government 

agencies to monitor and analyze global bioterrorism research. The system can provide 

users with the bioterrorism research articles published by a particular author from an 

organization located in specific country within a specified time horizon (in years). The 

three analysis functions enable users to get a high-level understanding of the research and 

development status or important trends in bioterrorism research. Most existing Web-

based KMS designed for other domains (such as business and general health care) focus 

only on the search function.  In contrary, Arizona Literature Mapper offers additional 

analysis functions crucial to users’ obtaining a comprehensive understanding of the 

bioterrorism research domain. 

 

2.4 Search Function Evaluation Study and Results 

A study was conducted to evaluate the effectiveness, usefulness, and ease of use 

of Arizona Literature Mapper’s search function and the associated user satisfaction and 

intention to use the system. To select an appropriate benchmark system for comparative 

purposes, the following criteria were used: (1) the system is freely accessible online, (2) 

the system is widely used for searching or analyzing the biomedical literature, and (3) the 

system offers a search function similar to that of Arizona Literature Mapper. According 

to these criteria, PubMed (http://pubmed.gov) is chosen to be the benchmark system. 

PubMed is a search engine for accessing the MEDLINE database of citations and 

abstracts of biomedical articles. It is made available by the U.S. National Library of 
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Medicine and consists of nearly eleven million records from over 7,300 journals from 

1965 to November 16, 2005 (http://medline.cos.com/). PubMed is arguably the most 

widely used system in medicine and biomedicine related areas. Given that no existing 

knowledge mapping systems are specifically designed for bioterrorism, PubMed presents 

an appropriate benchmark knowledge mapping system that also provides search services 

related to biomedical research. The choice of PubMed is also advantageous because the 

articles accessible by both PubMed and Arizona Literature Mapper are from the 

MEDLINE database.  

PubMed is designed to assist searches of published articles in medicine and 

biomedicine. In contrast, Arizona Literature Mapper provides not only the article search 

function but also additional advanced analysis functions. For comparison purposes, one 

evaluation study focuses on Arizona Literature Mapper’s search function and includes 

PedMed as the benchmark system. Another evaluation study (see Section 2.5) is 

conducted to examine the analysis functions of Arizona Literature Mapper. In the 

following of this chapter, detailed information about each study’s design, targeted 

questions or hypotheses, dependent variables or measurements, subjects, and tasks is 

presented. 

 

2.4.1 Hypotheses 

This evaluation study compares the search function of Arizona Literature Mapper 

with that of PubMed.  Overall, I posit that the effectiveness, usability, user satisfaction 

and intention to use associated with Arizona Literature Mapper are greater than those of 
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PubMed. The developing of these hypotheses are drawn on the literature in technology 

acceptance (see Venkatesh et al. 2003 for a review).  The specific hypotheses to be tested 

in this evaluation study are as follow: 

H1:  Users are more likely to successfully complete their search tasks when 

using Arizona Literature Mapper than using PubMed. 

 

H2:  Users can successfully complete their search tasks faster when using 

Arizona Literature Mapper than using PubMed. 

 

H3:  Users will perceive Arizona Literature Mapper to be more useful than 

PubMed.  

 

H4:  Users will perceive Arizona Literature Mapper to be easier to use than 

PubMed. 

 

H5:  Users’ satisfaction with Arizona Literature Mapper is higher than that with 

PubMed. 

 

H6:  Users exhibit a higher intention to use Arizona Literature Mapper than 

PubMed in the near future.  

 

2.4.2 Evaluation Design 

Experimental design: To test the hypotheses, a repeated-measures factor design 

was adopted. It is appropriate for testing the hypotheses because it gives greater precision 

than alternative designs that employ only between-subjects factors (Myers and Well 

1995). System is a repeated-measures factor defined at two levels: Arizona Literature 

Mapper and PubMed. Each subject uses one system to complete all the tasks and then 

repeats these tasks using the other system. The sequence of system use IS randomized to 

ensure a comparable number of subjects starting with each system. For example, a 

subject could be randomly assigned to use Arizona Literature Mapper first and PubMed 
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second. In this case, the subject would complete all of the tasks with Arizona Literature 

Mapper first, then complete the same set of tasks using PubMed. The tasks to be 

performed are identical for both systems. Other subjects performed the tasks in the 

opposite order, with PubMed first and Arizona Literature Mapper second.   

  Dependent variables: Each system’s effectiveness is assessed in terms of task 

performance accuracy, which refers to how well a system supports the user to complete a 

search task correctly. An accuracy measurement commonly used in previous knowledge 

mapping and information retrieval research is adopted (Chung et al. 2005; Chung et al. 

2004; Marshall et al. 2004; Zhou et al. 2006). Specifically, task performance accuracy is 

measured as partsofnumberTotal

partsansweredcorrectlyofNumber
Accuracy

   

    


. An expert uses both 

Arizona Literature Mapper and PubMed to derive a gold-standard answer for each search 

task, and then reviews subjects’ search results and assign scores on the basis of respective 

gold-standard answer and the accuracy formula. Efficiency is measured using the amount 

of time a subject took to complete a search task, consistent with prior knowledge 

mapping or information retrieval research (Chung et al. 2005; Marshall et al. 2004; Zhou 

et al. 2006). To keep the experiment within a reasonable time span, a time limit of 15 

minutes is implemented for performing each task using either system, which is 

appropriate as all the subjects in the pilot study were able to complete each of the search 

tasks in a total of 12 minutes or less. Items are adapted from Davis (1989) to measure 

each system’s usefulness and ease of use as perceived by subjects. These items also have 

been used to assess knowledge mapping or information retrieval systems (Chung et al. 
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2005; Chung et al. 2004; Marshall et al. 2004; Zhou et al. 2006). Items from 

Bhattacherjee (2001) are adapted to measure users’ satisfaction and intention to use each 

investigated system.  

 Subjects: Subjects are undergraduate students who enrolled in a sophomore- or 

junior-level information systems class at a major public university located in the 

southwest United States. The instructors assisted the recruiting by providing extra course 

credit as an incentive for student participation in this study.  

Tasks: With the assistance of several domain experts, six scenario-based search 

tasks related to bioterrorism agents or diseases were designed. An example task is: ―Foot-

and-mouth disease (FMD) is one of the most devastating animal diseases. It occurs 

throughout the world and is a significant hazard to agriculture. In 2001, the epidemic in 

United Kingdom led to the loss of six million livestock. Please identify one research 

article published by United Kingdom after year 2001 (2001 excluded), talking about 

FMD. Please write down the title of the article, the institution and country that published 

this article, and the publication year of it.‖  

Experimental Procedure: In the experiment, a subject uses each of the two 

investigated systems to perform all the tasks. To avoid potential bias introduced by the 

system sequence, the order in which each system is assigned to the subject is random. 

After completing the tasks using a system, each subject is asked to assess the system by 

completing a questionnaire soliciting his or her evaluative responses to the system’s 

usefulness and ease of use, as well as the satisfaction with the system and intention to use 
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the system in the near future. Subjects can provide additional comments on each system 

based on their experiences. 

 

2.4.3 Evaluation Results  

A total of forty-three subjects took part in the experiment; all of them completed 

the experiments and filled out the post-experiment survey. The subjects average 22.1 

years of age, with a fairly balanced gender distribution; i.e., 22 male subjects and 21 

female subjects. As a group, the subjects have used computers for approximately 12 

years. In the experiment, twenty-two subjects used Arizona Literature Mapper first and 

the remaining used PubMed first. 

I first performed ANOVA to test the main effect of system on each dependent 

variable. According to the analyses, the search system has a significant effect on the 

likelihood of successfully completing a search task (F(1,84) = 8.74, p-value = 0.0040), 

the amount of time required to complete a search task (F(1,84) = 52.52, p-value < 

0.0001), perceived usefulness (F(1,84) = 50.96, p-value < 0.0001),  perceived ease of use 

(F(1,84) = 63.58, p-value < 0.0001), user satisfaction (F(1,84) = 46.75, p-value < 0.0001), 

and intention to use the system in the near future (F(1,84) = 51.33, p-value < 0.0001). 

The findings suggest that the choice of system matters for users’ search performance in 

terms of accuracy and time efficiency, perceptions of the system’s usefulness and ease of 

use, and their satisfaction and intention to use the system. 

I then performed one-tailed t-tests to test H1 through H6. As summarized in Table 

2.1, the likelihood of successful search task completion is significantly higher when users 
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are supported by Arizona Literature Mapper than by PubMed (p-value = 0.0007). Thus, 

the data support H1. The difference between systems in the amount of time required to 

successfully complete a search task is also statistically significant (p-value < 0.0001). As 

shown in Table 2.2, on average, a user needs 2.88 minutes to complete a search task 

when using Arizona Literature Mapper but spends 4.41 when supported by PubMed. 

Therefore, the data support H2. The analyses show that users perceive Arizona Literature 

Mapper to be more useful and easier to use than PubMed (p-value < 0.0001), in support 

of H3 and H4. The subjects exhibit a significantly higher satisfaction when using Arizona 

Literature Mapper than PubMed (p-value < 0.0001). Their intention to use Arizona 

Literature Mapper is also significantly higher than that for PubMed (p-value < 0.0001). 

Thus, the data support H5 and H6. Table 2.1 summarizes the hypothesis testing results; as 

shown, the data support all the hypotheses, suggesting the crucial role of a knowledge 

mapping system in users’ bioterrorism literature searches and the relative advantage and 

utility of Arizona Literature Mapper over PubMed. Further, subjects’ evaluation 

responses of Arizona Literature Mapper are notably positive, as shown in Table 2.3, 

averaging 6.16 in perceived usefulness, 6.50 in perceived ease of use, 5.81 in satisfaction, 

and 5.76 in intention to use, on the basis of a 7-point Likert scale with 7 being ―strongly 

agree.‖ 
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Table 2.1 Results of hypotheses testing for hypothesis 1 through 6 in the search function 

evaluation study  

Hypothesis p value Result 

H1    0.0007** Supported 

H2 <0.0001** Supported 

H3 <0.0001** Supported 

H4 <0.0001** Supported 

H5 <0.0001** Supported 

H6 <0.0001** Supported 

Note. Significance levels * α = 0.05 and ** α = 0.01. 

 

 

Table 2.2 Effectiveness and efficiency of the two search systems in the search function 

evaluation study  

Search System Measure 
Mean 

Performance 

Std. 

Deviation 

Arizona Literature Mapper Effectiveness 85.76% 33.71% 

 Efficiency 2.88 1.32 

PubMed Effectiveness 78.00% 39.43% 

  Efficiency 4.41 2.24 

Note. The performances of the six search tasks were averaged.  

          Effectiveness was measured as accuracy. Efficiency was measured in minutes. 

 

 

Table 2.3 Results of users’ subjective ratings on the two search systems in the search 

function evaluation study  

  Arizona Literature Mapper PubMed 

Dimension 
Mean Rating 

Std. 

Deviation 
Mean Rating 

Std. 

Deviation 

Perceived usefulness 6.16 0.99 3.96 1.88 

Perceived ease of use 6.50 0.72 4.00 2.04 

Satisfaction 5.81 1.04 3.79 1.78 

Intention to use 5.76 1.46 3.35 2.04 

Note. The range of rating is from 1 to 7 with 7 being the best. 
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I also collected comments from some subjects about the search function of 

Arizona Literature Mapper and PubMed, respectively. Many comments are about users’ 

experiences and assessments of the interface designs or data completeness. Most of the 

subjects point out that the search function of Arizona Literature Mapper is faster, easier 

to use, and more comprehensible than that of PubMed. Arizona Literature Mapper allows 

effective and efficient searches for specific details; but, it does not provide automatic 

spell checking and its display of detailed information needs improvement. In contrast, 

these subjects praise PubMed for effective categorization of searchers and automatic spell 

checking. I observed inconsistent and somewhat interesting assessments of Arizona 

Literature Mapper’s separation of human and animal diseases. Some subjects are in favor 

of categorized searches but others value searching human and animal diseases 

simultaneously. Although the design of Arizona Literature Mapper separates the searches 

on human or animal diseases for increased ease of use and drill-down capabilities, this 

design rationale might need to be further examined. For example, without separating the 

searches on human and animal diseases may create confusion when providing specific 

details and their illustrations to users. Some subjects also comment on data completeness. 

Some perceive that PubMed can access more research articles than can Arizona 

Literature Mapper, which contains a condensed set of articles about bioterrorism agents 

or diseases. As one subject commented, ―PubMed helps for searching medical articles; 

however, Arizona Literature Mapper is more helpful for searching bioterrorism articles.‖ 

Such comments underscore the value of domain-specific knowledge mapping systems to 

facilitate users’ literature searches. In this light, PubMed is effective for supporting 
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general searches in medical literature but its utility seems diminished when users are 

searching for publications in other related domains, such as bioterrorism.  

 

2.5 Analysis Function Evaluation Study and Results   

A second study is conducted to evaluate the core analysis functions of Arizona 

Literature Mapper; i.e., bibliographic analysis, co-authorship analysis, and topic trend 

analysis. No benchmark systems are included in this study because none of the existing 

knowledge mapping systems, including PubMed, offers such analytical functionality. 

Specifically, subjects’ evaluative assessments of the usefulness, ease of use, satisfaction, 

and intention to use Arizona Literature Mapper’s functionality was used instead of 

directly comparing Arizona Literature Mapper’s analysis functions with those of a 

benchmark system. The following lists the hypotheses to be tested, experimental design, 

subjects, tasks, measurements, and data collection used in this study. 

Hypotheses: Several hypotheses concerning the usefulness and ease of use of 

Arizona Literature Mapper’s core analysis functions and the associated user satisfaction 

and intention to use these functions in the near future are tested. Again, the development 

of these hypotheses are drawn on the literature in technology acceptance (e.g., Venkatesh 

et al. 2003). Specifically, I postulate favorable assessments by subjects in perceived 

usefulness, ease of use, satisfaction and intention to use by testing the following 

hypotheses:  

H7:  Subjects perceive positively the usefulness of Arizona Literature Mapper’s 

analysis functions. 
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H8:  Subjects perceived positively the ease of use of Arizona Literature 

Mapper’s analysis functions. 

 

H9:  Subjects are satisfied with Arizona Literature Mapper’s analysis functions. 

 

H10:  Subjects exhibit favorable intentions to use Arizona Literature Mapper’s 

analysis functions in the near future. 

 

Study Design: Each subject is asked to perform twelve tasks using Arizona 

Literature Mapper’s core analysis functions. Six of the tasks are about research 

productivity, four of the tasks are on research collaborations, and the remaining two tasks 

target interesting trends in bioterrorism agent or disease research. These tasks are 

developed with the assistance of several domain experts and perform a pilot test to assure 

their appropriateness.  

Subjects: Subjects are recruited from students enrolled in a junior-level 

information systems class at a major public university located in the south-west United 

States. The instructor assisted the recruiting by offering extra course credit as an 

incentive for student participation in the study. Those subjects who participated in the 

search function evaluation study were excluded. 

Tasks: Each subject is asked to complete twelve tasks using Arizona Literature 

Mapper’s analysis functions. These tasks target research productivity, collaborations, and 

trends in bioterrorism research. An example task on research productivity is: ―Please find 

and write down the names of the 5 most productive countries (i.e., with the most research 

publications), related to human bioterrorism agents or diseases.‖ An example task abut 

research collaborations is: ―Please find the largest research collaborated group on 

Anthrax, a human bioterrorism agent or disease, and write down the names of any three 
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researchers in that group.‖ An example task targeting trends in bioterrorism research is: 

―Please find and write down three emerging research topics in human bioterrorism agent 

or disease research after 2001.‖  

Measurements: Measures of usability, user satisfaction, and intention to use are 

adopted from previously validated scales (Bhattacherjee 2001; Davis 1989), with minor 

wording changes appropriate for the subjects and contexts of this study. These items are 

identical to those used in the search function evaluation study described previously. All 

the items use a seven-point Likert scale, with 7 being ―strongly agree,‖ 4 being ―neutral,‖ 

and 1 being ―strongly disagree.‖ The midpoint (i.e., score of 4) is used as a cutoff 

distinguishing positive and negative assessments by subjects.  

Data Collection: When completing all the tasks, a subject is asked to fill out a 

questionnaire survey designed to gather his or her assessment of the usefulness and ease 

of use of Arizona Literature Mapper’s analysis functions, specify the satisfaction with 

these functions, and indicate the intention to use them in the near future. Subjects are also 

encouraged to provide comments about their use of and experience with these functions. 

Results: A total of 60 subjects participated in this evaluation study; none of them 

had taken part in the search function evaluation study. The subjects average 20.9 years of 

age, with the genders equally represented; i.e., 30 males and 30 females. As a group, the 

subjects report an average of 11.9 years of experience in using computers. Table 2.4 

summarizes the average of subjects’ ratings of perceived usefulness, perceived ease of 

use, user satisfaction, and intention to use these analysis functions in the near future. 

One-tailed t-tests are performed to assess whether subjects’ assessments are significantly 
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higher than the cutoff; i.e., 4 denoting the midpoint of the seven-point Likert scale used in 

the study. As shown in Table 2.5, subjects perceive these functions of Arizona Literature 

Mapper useful and easy to use, with an average rating significantly higher than 4, p value 

< 0.0001 and p value = 0.0002 respectively. Hence, the data support H7 and H8. User 

satisfaction is also positive, significantly higher than 4 (p-value = 0.0002), in support of 

H9. In addition, subjects indicate strong intentions to use the Arizona Literature Mapper’s 

analysis functions in the near future; the average intention significantly exceeds 4 (p-

value < 0.05) and therefore the data support H10. Table 2.5 summarizes the hypothesis 

testing results.  

 

Table 2.4 Results of users’ subjective ratings on the analysis functions of Arizona 

Literature Mapper in the analysis functionality evaluation study  

  Arizona Literature Mapper 

Dimension Mean rating Std. deviation 

Perceived usefulness  4.88 1.47 

Perceived ease of use  4.73 1.56 

Satisfaction 4.50 1.12 

Intention to use 4.32 1.67 

Note. The range of rating is from 1 to 7 with 7 being the best. 

 

Table 2.5 Results of hypotheses testing for hypothesis 7 through 10 in the analysis 

functionality evaluation study  

Hypothesis p value Result 

H7 <0.0001** Supported 

H8   0.0002** Supported 

H9   0.0002** Supported 

H10 0.0493* Supported 

Note. Significance levels * α = 0.05 and ** α = 0.01. 

 



62 

 

I also collected comments from subjects regarding their use of or experiences with 

the analysis functions of Arizona Literature Mapper. According to the results, subjects 

consider these functions fast and easy to use, and result displays organized and easily 

comprehensible. Overall, subjects are positive about their use of these functions, although 

few express some level of challenge in understanding a content map when using the topic 

trend analysis function. In turn, this suggests the value of providing additional detailed 

descriptions and enlarging the pictures in a content map for improved comprehensibility.  

 

2.6 Contributions and Future Research Directions 

2.6.1 Research Contributions 

 

Monitoring global bioterrorism research is increasingly important and represents a 

crucial challenge to governments and research communities around the world. This 

research has made several contributions to addressing that challenge. First, an integrated 

approach to monitoring and analyzing global bioterrorism research literature is proposed, 

which is becoming increasingly critical for biodefense and national security but has 

received little investigative attention. The integrated approach provides an informative 

point of departure for continued research in knowledge mapping. Second research 

contribution is the implementing of Arizona Literature Mapper. The system, built upon 

advanced algorithms and techniques for search, bibliographic analysis, co-authorship 

analysis, and topic trend analysis supports effective and efficient knowledge mapping by 

allowing users to identify productive researchers or institutions studying bioterrorism 
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agents or diseases, their collaborations, and emerging topics or trends in bioterrorism. 

Additionally, Arizona Literature Mapper can enhance user literature search performance 

and satisfaction.  

To demonstrate the advantages of the system, two rigorous evaluation studies are 

performed. One study focuses on the search function of Arizona Literature Mapper and 

examines its effectiveness, efficiency, usefulness, ease of use, user satisfaction and 

intention for future use as compared with those of a prevalent benchmark system. The 

results of this study demonstrate that Arizona Literature Mapper is more effective, more 

efficient, easier to use and more useful than a comparison system (i.e., PubMed).  In 

addition, the results indicate that users are satisfied with the system and have positive 

intentions toward using it.  The second study examines Arizona Literature Mapper’s 

functions for bibliographic analysis, co-authorship analysis, and topic trend analysis, 

using individuals’ evaluations of these functions’ usefulness and ease of use as well as 

their satisfaction and intention to use the functions in the near future. Again, the empirical 

results provide evidence to support positive user satisfaction and favorable intentions to 

use Arizona Literature Mapper. Together, these results indicate that the underlying 

algorithm provides valuable results and the system interface makes Arizona Literature 

Mapper accessible to the users. 

 

2.6.2 Research Implications 

Findings of this study have several important implications for research and 

practice. First, the evaluation results underscore the need for domain-specific knowledge 
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mapping systems that are critical to obtaining a comprehensive understanding of the 

current status of a particular research domain (e.g., bioterrorism) in an effective and 

efficient manner but not well supported by existing general-purpose search systems (e.g., 

PubMed). Second, the study demonstrates the viability of using a knowledge mapping 

system to analyze or monitor global bioterrorism research. Toward that, sources of 

publications are crucial and should include salient digital repositories with timely 

updates. A challenge then is to identify essential sources of bioterrorism articles (e.g., 

MEDLINE) and solve the technical or management issues associated with incorporating 

them into a knowledge mapping system, such as Arizona Literature Mapper. The range of 

bioterrorism agents or diseases is important as well. With expanded publication sources 

and bioterrorism agents or diseases, knowledge mapping systems can become 

increasingly effective and useful for bioterrorism research analyses or surveillance. Third, 

many subjects commented on the visualization and information representation. Some 

sample comments include: ―The content map and stats page were perfect, the network is 

– although the coding is probably amazing – too cramped of a picture, needs to become 

easier to read and derive results from;‖ ―Try changing the fonts of the text for a more 

visual appealing design;‖ ―The analysis functions simplify the information for users to 

understand;‖ ―I really like the visual results. The colored map was my favorite;‖ and ―I 

like seeing the map with colors indicating newer topics in red, which made it very quick 

to have a visual idea of the newest topics.‖ Visualization is an area where knowledge 

mapping systems can benefit substantially from advanced analyses and designs. I 

anticipate visualization to play a more important role as knowledge mapping systems 
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include additional publication sources and bioterrorism agents/diseases. Thus, the current 

study provides important guidance and implications for future domain-specific 

knowledge mapping system development for other domains. 

 

2.6.3 Future Research Directions 

The use of student subjects represents a limitation of this study, since the domain 

experts are going to be important users of Arizona Literature Mapper. The subject 

selection was made for the following reasons. First, the use of Arizona Literature Mapper 

is not completely restricted to bioterrorism experts; rather it can be used by anyone 

interested in understanding or analyzing the bioterrorism literature. This necessarily 

includes students studying bioterrorism, security professionals with limited knowledge of 

bioterrorism, and citizen scientists who are simply inquisitive. Thus, in evaluating 

Arizona Literature Mapper, I wanted to be sure it was accessible by even naïve users. In 

addition, to fully test the hypotheses requires a reasonably large number of subjects. This 

would have been difficult to achieve had I relied entirely on experts. Based on these two 

reasons, I believe the use of student subjects is reasonable. The empirical evidence 

clearly indicates that Arizona Literature Mapper represents a solid foundation upon 

which to build more advanced functionality for bioterrorism research and for other 

important areas of inquiry. It would be valuable to obtains evaluations from domain 

experts in the future.   

There are several possible directions for future research associated with both the 

underlying algorithm and the user interface. First, I used the number of papers published 
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to represent the importance of a certain country, institution, and individual researcher. 

However, the number of papers is only one parameter to determine the importance. 

Future work should examine other parameters including the number of citations and the 

importance (e.g., impact factors) of the journals where the papers were published. This 

approach could lead to different search results that would need to be evaluated by domain 

experts in order to determine which underlying algorithm produces the most useful 

results. Second, I plan to extend the integrated approach to include a multilingual 

knowledge mapping system design. By incorporating a machine translation component, I 

plan to provide cross-regional (with multiple languages) literature search functionality. 

For example, users may submit their interested keywords in English to retrieve a related 

literature in other languages (e.g., Arabic, Chinese, French, Spanish, etc.). Given the 

increasing number of publications in non-English languages and the need to include all 

relevant publications when searching, particularly in the bioterrorism domain, this is an 

important extension of the current work.  Determining how to design and implement the 

machine translation component with satisfactory accuracy and effectiveness is a 

significant research challenge. Finally, the knowledge mapping techniques used in this 

study have existed for some time. As technology users increase sophistication and 

expectations, developing interactive application with visual representation of data will 

become more and more important. Therefore, the need to develop new techniques to 

facilitate searching/analyzing scientific knowledge is increasing. Further work should 

develop and incorporate new information retrieval and visualization tools with more 

dynamic user-interactive features and higher information representation ability. 
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CHAPTER 3. NANO MAPPER: A WEB-BASED KMS FOR MAPPING SCIENTIFIC 

KNOWLEDGE IN NANOTECHNOLOGY 

 

3.1 Introduction 

As discussed in Chapter 2, effective search support is an important tool for 

helping individuals deal with the problem of information overload in a given domain. In 

Chapter 2, an integrated framework for monitoring and analyzing the research literature 

of the bioterrorism domain was proposed and evaluated. In this chapter, further effort is 

made by building a more advanced Web-based KMS that incorporates data from multiple 

scientific data sources and provides user-interactive analysis and visualization 

capabilities. 

The ability to effectively search and analyze information is of significant 

importance to researchers and practitioners alike.  The development of science and 

technology has advanced rapidly, as manifested by the accelerating growth in the number 

of research publications (Börner et al. 2003).  With the rapid increase in information 

availability, it is nearly impossible to stay current with advances in knowledge.  Consider, 

for example, that the world produces about 2.12 million terabytes of unique information 

per year (Lyman and Varian 2000).  This explosive growth in information availability can 

lead to significant information overload for the individuals who are trying to stay current 

in a particular domain. 

One such domain that has experienced significant growth in information 

availability is nanotechnology.  Nanotechnology is a dynamic interdisciplinary domain 
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that has brought about significant impacts in different areas, such as physics, chemistry, 

material science, engineering, and business (Hullmann 2006; Roco 2005; Roco et al. 

2000). An expanding array of innovative applications has been created for clinical 

diagnosis and treatment, environmental monitoring, energy generation and storage, 

aviation, civil engineering, complex engineering, and electronic circuit design. Nearly all 

developed and developing countries are investing heavily in nanotechnology research and 

development. For example, in 2000, the United States launched the National 

Nanotechnology Initiative (NNI) (Roco et al. 2000), and in 2003, enacted the 21
st
  

Century Nanotechnology Research and Development Act (Roco 2005) to ensure 

sufficient federal funding to further nanotechnology research and development. More 

than 60 countries have launched similar national initiatives or programs to spearhead 

nanotechnology research and development (Roco 2005). 

With the investments in research has come an associated growth in information 

availability.  Nanotechnology has expanded significantly in both scope and specialization 

granularity, making it difficult for researchers and practitioners to keep up with the 

rapidly increasing knowledge that includes patent documents, funded projects, research 

articles, and technical reports. A handful of online databases and search services allow 

users to search abstract or bibliographic (index) information to locate specific articles, 

conference proceedings, documents, reports, and books related to nanotechnology. 

Several publishers and professional societies also make their publications available on the 

Web. Examples include the Web of Science 

(http://scientific.thomson.com/products/wos/) by Thomson Scientific, the ACM Digital 
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Library (http://portal.acm.org/dl.cfm) by the Association for Computing Machinery, and 

the IEEE Computer Society Digital Library 

(http://www.computer.org/portal/site/csdl/index.jsp) by Institute of Electrical and 

Electronic Engineers. Some Web-based systems are developed specifically to support 

users’ searches in nanotechnology research. These systems include Nanotechnology Now 

(http://www.nanotech-now.com) providing access to nanotechnology related news 

articles and research reports, Nano Science & Technology Institute (http://www.nsti.org) 

supporting the search of academic conferences related to nanotechnology, and Nano 

Scout (http://www.nanoscout.de) that is a hub on the Web by gathering the URLs of 

Websites offering online resources related to nanotechnology (e.g., forums, books, 

journals, databases). Several other systems are dedicated to supporting searches of 

nanotechnology equipment, education, and software. For example, National 

Nanotechnology Infrastructure Network (http://www.nnin.org) focuses on information 

about nanotechnology equipment. NanoHUB (http://www.nanohub.org) houses a 

community to foster nanotechnology education, professional networking, and interactive 

simulation training tools.  These systems tend to be very focused in their scope, providing 

access to a specific collection of documents or Web pages, rather than an integrated set of 

source documents.   

Ideally, systems designed to search the nanotechnology domain would enable 

users to answer questions that require integration across a number of sources, such as 

―which research institution, in the last three years, published the most number of 

nanotechnology patents in the United States?‖; ―what were the major topics in 
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nanotechnology research in Japan between 2005 and 2008?‖; ―which researchers have 

active projects that receive more than one million dollars of funding from the National 

Science Foundation (NSF)?‖; and ―how has a specific nanotechnology-enabled 

innovation disseminated among different organizations or countries?‖ Unfortunately, 

existing general-purpose search engines (e.g., Yahoo, Google) are only able to locate 

relevant Web resources, articles, or reports – not integrate them. There are some search 

systems designed to specifically support searches in nanotechnology. Examples include 

Nanotechnology Now (http://www.nanotech-now.com), Nano Scout 

(http://www.nanoscout.de), and NanoHUB (http://nanohub.org).However, these systems 

are also limited in their ability to search the breadth and depth of nanotechnology 

research. 

Even if the systems had sufficient integration capabilities, the presentation of the 

results can be overwhelming to the user if not summarized in a meaningful manner. 

Existing mechanisms for presenting search results to the end user are inadequate when 

the volume of information is as large as in the domain of nanotechnology. Some 

analytical methods have been developed to address this problem (Huang et al. 2003b; Li 

et al. 2008). To date, these methods have not been integrated into a single system.  Nor 

have they been empirically evaluated for their utility in enhancing the understandability 

of search and analysis results.  

Three key issues motivate the current study.  First is the problem of information 

overload caused by the exponentially growing volume of scientific documents, which is 

particularly relevant in the nanotechnology domain. Second, few (if any) existing 
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nanotechnology-related search systems aggregate documents from multiple sources nor 

do they provide advanced search and analysis functionality critical to helping users 

process the search results. Third, novel patent (grant) analysis methods developed in prior 

studies have not been implemented in an advanced system for supporting searches and 

knowledge mapping in nanotechnology. To address these issues, Nano Mapper is 

developed. It is an advanced Web-based system that allows users to search documents 

extracted from key source databases and provides effective knowledge mapping in the 

nanotechnology domain. Theories of human cognitive processing – the theory of 

cognitive fit and the theory of cognitive load – are leveraged to inform the design of 

Nano Mapper. Specifically, the theories guide the design of the functionality necessary to 

help users manage the information overload problem. Thus, the current study addresses 

an important challenge in nanotechnology research by developing an advanced, 

integrated system capable of mapping scientific knowledge at different levels of 

aggregation, and presenting it in a way that enables users to process it effectively.  

The remainder of this chapter is organized as follows. Section 3.2 first provides 

an overview of the theoretical perspectives that guide the design of Nano Mapper – 

cognitive fit theory and cognitive load theory. This is followed by a discussion of the 

related technologies for mapping scientific documents. Section 3.3 then discusses the 

design and development of Nano Mapper. Detailed descriptions of the design and 

analysis results of the experimental studies examining the search and analysis functions 

are provided in Sections 3.4 and 3.5 respectively. Finally, Section 3.6 concludes the paper 
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with a discussion of the study’s research contributions, limitations, and directions for 

future research. 

 

3.2 Literature Review 

3.2.1 Cognitive Fit Theory and Cognitive Load Theory 

 

In order to design a system to address the challenge of searching and representing 

vast amounts of information, I turn to theories that focus on the cognitive capabilities of 

humans: cognitive fit theory (CFT) and cognitive load theory (CLT). CFT proposes that 

the correspondence between task and information presentation format leads to superior 

task performance for individual users (Vessey 1991). When information emphasized in 

the data presentation format matches the information needed to complete tasks, 

individuals’ task performance will be enhanced (Vessey 1991). This is because the match 

between the two types of information can lead to the fit between individuals’ mental 

representation of the problems and the tasks being performed. Thus, problem solving 

process will be improved. CFT has been leveraged in various domains such as e-

commerce (Hong et al. 2004), software maintenance (Shaft and Vessey 2006), and social 

network visualization (Zhu and Watts 2010). It has also been used to evaluate different 

visual presentation formats across a variety of tasks (Umanath and Vessey 1994a; Vessey 

1991; Vessey and Galletta 1991).  Thus, CFT is particularly appropriate for guiding the 

current work with respect to the functions of search and analysis (e.g., result 

representation).  
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When considering the fit between task and information representation, it is 

important to acknowledge the role of task complexity. The increase in task complexity 

can lead to higher mental demand for an individual’s information processing (Wood 

1986). According to CFT, the level of fit associated with a representation format is task-

dependent and can be varied, that is, a representation format that fits better for one task 

does not necessarily fit better for another task (Vessey 1991; Zhu and Watts 2010). This 

also indicates that when completing a task, although a particular representation format 

may require high mental demand, using another format may significantly reduce the 

metal demand. Therefore, information representation methods and techniques need to be 

designed based on the characteristics of the targeting tasks with the goals of maximizing 

the fit between task and representation and minimizing the cognitive load of processing 

the information (Zhu and Watts 2010). An example of this is the work by Zhu and Watts 

(Zhu and Watts 2010) that demonstrated that direct mapping for network visualization is 

a better match for low-complexity tasks while the more advanced mapping with pre-

analysis is a better match for high-complexity tasks. 

Cognitive load theory (CLT) proposes that task performance can be enhanced via 

the manner in which information is presented (Sweller 1988). While CFT focuses on 

matching the presentation to the task, CLT focuses on managing the presentation to help 

the user process the information. CLT emphasizes the human memory system that 

contains two types of memory: working memory and long-term memory. The difference 

between the two types of memory is that working memory has limited capacity and 

ability to store and process information, while long-term memory has a much larger, 
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almost unlimited, capacity for information storage and processing; however, humans are 

only conscious of information held in working memory (Cowan 2001; Miller 1956). In 

order to process information to solve problems, knowledge structures (called schemas) 

are constructed. Schemas are formed when an individual processes information in 

working memory to solve a problem. After that, schemas are constructed and stored in 

long-term memory (Leutner et al. 2009; Speier 2006).  

Considerable prior research in CLT examines the relationship between 

instructional design and working memory load in an attempt to provide more effective or 

efficient alternatives (Sweller et al. 1998). A common solution identified in this work is 

the use of information visualization that focuses on creating intuitive visual 

representations of large collections of abstract, non-numerical information (Eick 1994; 

Thomas and Cook 2005). The advantage of information visualization is that it can help 

users to view and understand a great deal of information at once (Thomas and Cook 

2005). Researchers have recognized that visualization displays (such as pictures) can be 

very effective for enhancing individual comprehension and learning (Marcus et al. 1996; 

Mayer and Moreno 2003; Schnotz 2005). Höffler & Leutner (Höffler and Leutner 2007) 

found that dynamic visualizations were generally more effective than static 

visualizations.  According to Leutner et al. (Leutner et al. 2009), visualizations can help 

increase comprehension and lower cognitive load for individuals reading scientific 

documents. 

In essence, visualization is able to amplify human cognitive capabilities in a 

number of ways (Card et al. 1999; Thomas and Cook 2005).  First, it increases cognitive 
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resources due to the use of the visual dimension to expand working memory.  Second, it 

reduces search by representing a large amount of information in a small space.  Third, 

when information is organized in space and time relationships, visualization enhances the 

ability of users to recognize patterns.  Fourth, it enables the user to infer relationships 

more easily than could be done based on the raw data.  Fifth, visualization enables a large 

number of potential events to be processed simultaneously.  Finally, with dynamic 

visualization, the user can explore the space that is represented by various parameter 

values (Thomas and Cook 2005). Thus, CLT is also appropriate for guiding the current 

work, particularly with respect to the analysis (e.g., representation) functions. 

 

3.2.2 Techniques for Mapping Scientific Documents 

A number of techniques can be leveraged to address the issues of cognitive fit and 

cognitive load in the search and analysis functions.  The key techniques include search 

support, text mining, social network analysis, and visualization.   

Effective search support must expand beyond title, author, or key word to enable 

more sophisticated searching, while simultaneously reducing the cognitive burden on the 

user. Advanced algorithms and functions have been developed, targeting complex user 

searches with sophisticated analyses that offer holistic views of research results and 

important trends in various domains. Such algorithms and functions are then 

implemented in a search system to support effective and efficient searches of the 

literature specific to the target domain (Börner et al. 2003; Shiffrin and Börner 2004).  In 

general, three types of search interface designs have been used for the development of 
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online search systems: query language-based search, natural language-based search, and 

keyword-based search (Rose 2006). In query language-based search, users typically 

follow specific syntax to construct a Boolean query. In natural language-based search, 

users conduct their searches by constructing questions using their natural languages. In 

keyword-based search, users just need to simply put a keyword or a set of keywords into 

related text fields. Turtle (Turtle 1994) compared query language-based and natural 

language-based searches and found that, on average, natural language-based searches 

preformed better than query language-based searches.  Several other studies report that 

users, particularly novice users, do not like Boolean query-based systems (Jansen et al. 

2000; Lucas and Topi 2002; Silverstein et al. 1999). Wang, Nass, and Hu (Wang et al. 

2005) compared natural language-based and keyword-based searches and found that 

although the natural language search interface works better than the keyword search 

interface for simple search tasks, keyword-based search is better for complex tasks. Their 

results showed that participants with complex tasks found it difficult to form concise 

questions when performing complex tasks. Given that a natural language-based search 

system has finite processing capability, the more questions participants asked, the more 

likely the system would fail to understand the questions. Such clarification seeking and 

question refinement leads to greater cognitive load for the user. 

Text mining generally refers to the process of deriving high quality information 

from a vast collection of text documents. Several tasks are fundamental to the general 

text mining process, such as structuring input text (e.g., parsing, deriving essential 

linguistic features, and document representation), discovering important patterns from the 
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underlying document corpus, and evaluating and interpreting the output (Chen and Chau 

2004). Text mining has been used to extract important entities and their relationships, 

categorize or cluster text documents, sentiment analysis, and summarize individual 

documents (Chen 2001). Various advanced text mining techniques have been developed 

to discover and summarize important themes, patterns, or trends by grouping and 

analyzing a large amount of related documents (Börner et al. 2003), such as hierarchical 

agglomerative clustering (HAC) algorithm (Willett 1988), self-organizing map (SOM) 

(Kohonen 1989; Kohonen 1995), multidimensional scaling (MDS) (Börner et al. 2003; 

Chen and Roco 2008), principal component analysis (PCA) (Börner et al. 2003; Chen and 

Roco 2008) and PFNET (Lorrain and White 1971). Of particular importance is SOM, 

which consists of an unsupervised, two-layered neural network, and can be used for 

document clustering or dimension reduction (Kohonen 1989; Kohonen 1995). SOM is 

advantageous over other clustering algorithms because it offers comprehensible 

visualizations of high dimensional data (i.e., a two-dimensional grid) while preserving the 

similarity among input documents (e.g.,  patent abstracts) (Börner et al. 2003).  

Social network analysis (SNA) (Sparrow 1991; Xu and Chen 2005) is also 

instrumental to effective search support and knowledge mapping in nanotechnology.  It 

has been used to analyze collaboration and information diffusion patterns (Sparrow 1991; 

Wasserman and Faust 1994; Xu and Chen 2005). Techniques built upon SNA (Sparrow 

1991; Xu and Chen 2005) can be used to discover important patterns of interaction 

between actors in a network. Such techniques have been applied to analyze co-author 

relationships among researchers (Wasserman and Faust 1994). In nanotechnology, SNA 
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allows subgroups of collaborating researchers to be segmented and their patterns of 

collaboration to be understood; SNA can also identify the individuals or institutions 

critical in nanotechnology research through network organization and structure analyses 

(Chen et al. 2008; Shiffrin and Börner 2004). SNA can further be used to study how the 

innovations (as patents) have been diffused across countries (organizations). SNA 

provides a valuable foundation network visualization, a technique leveraged to enhance 

cognitive fit (Zhu and Watts 2010).   

In addition, information visualization is critical for enhancing users’ search 

performance and overall system assessments.  Information visualization seeks to present 

search or analysis results in an effective and efficient manner. According to Shneiderman 

(Shneiderman 1996), information visualization methods can be classified as one-

dimensional (1D), two-dimensional (2D), three-dimensional (3D), multi-dimensional, 

tree, network, and temporal approaches (Shneiderman 1996). A 1D visualization 

represents abstract information as one-dimensional visual objects and displays them on 

the screen in a linear or a circular manner (Eick 1994; Hearst 1995). A 2D visualization 

shows information as two-dimensional visual objects; e.g., self-organizing map (Chen et 

al. 1996; Kohonen 1995; Kohonen et al. 2000). This approach displays the categories 

extracted from a collection of documents and the layout of each category is determined 

by its location in the two-dimensional output. As an example of 2D display, a SOM uses 

spatial proximity to convey the semantic proximity of the categories extracted. A 3D 

visualization represents information as three-dimensional visual objects, wherein 

metaphors such as rooms (Card et al. 1999), bookshelves (Card et al. 1999), and 
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buildings (Andrews 1995) are often used to convey the abstract information to users. The 

multi-dimensional approach displays information as multi-dimensional objects and 

projects them into a three-dimensional or a two-dimensional space. A tree-based 

visualization is often used to represent hierarchical relationships. A  network 

representation method is often used when a tree structure cannot sufficiently depict 

complex relationships such as the linkages among interconnected Web pages (Andrews 

1995). The temporal approach organizes information according to the temporal sequence. 

Location and animation are commonly used to enrich the temporal aspects of information 

(Eick 1994). To support effective searches and knowledge mapping in nanotechnology, 

issues surrounding information presentation must be properly addressed. Thus, the design 

of the user interface and result displays need to be intuitive and understandable to users 

without demanding substantial additional cognitive processing. 

 

3.2.3 Summary of Literature Review 

The theoretical foundations, comprised of CFT and CLT, suggest that task type, 

task complexity, and information representation are critical elements for supporting 

knowledge mapping in nanotechnology. To create a desirable cognitive fit and reduce the 

associated cognitive load, distinct search interfaces should be developed for low- and 

high-complexity tasks. According to prior research, a keyword-based search design 

should be included to better guide users’ searches in nanotechnology and reduce the 

cognitive load associated with searching. In addition, several analysis functions are 

crucial and should be implemented in Nano Mapper, together with effective visualization 
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techniques that help to amplify users’ cognitive capabilities, provide a match between the 

task and the information presentation, and reduce users’ cognitive load. The next section 

describes the design and implementation of Nano Mapper. Specifically, it presents the 

various data sources used in the system, the architecture of the system, and different 

search and analysis functions the system provided. 

 

3.3 Design and Implementation of Nano Mapper 

The design of Nano Mapper is informed by CFT and CLT. While the system 

integrates across data sources, separate user interfaces for Nano Mapper’s search and 

analysis functions are developed for each data source. To enhance consistency of the user 

experience, the same interface designs are used for the same or similar functionality, 

regardless of the data source. The system architecture design facilitates data access and 

presentation in a way that is ubiquitous to users. The search functionality uses a keyword-

based search design, and provides separate user interfaces depending on whether the 

search task is low- complexity or high-complexity. The analysis functions utilize various 

visualization techniques to present comprehensive views of nanotechnology research and 

development in a manner that lessens the user’s cognitive processing burden. Important 

design elements are selected to provide a better cognitive fit between the task and the 

information presentation format and thereby reduce the associated cognitive load. The 

following sections describe Nano Mapper’s data sources, system architecture, and 

functions in detail. 
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3.3.1 Data Sources 

Nano Mapper includes documents from the patent databases of the USPTO, the 

EPO, and the JPO, as well as the NSF grant database. The USPTO database supports 

online full-text access to all the patents issued since 1976. The EPO database offers free 

access to European patents since 1978. The JPO database consists of the patents issued 

since 1976. The NSF, a major independent federal agency established in 1950, has an 

annual budget of $5.5 billion and accounts for approximately 20 percent of the federal 

funding to higher education institutions in the United States. The NSF database supports 

online title-abstract searches of all the funded projects since 1989, nearly 200,000 grants 

in total. 

A set of key words provided by domain experts (Huang et al. 2003b) was used to 

obtain nanotechnology related documents from each source database. Nanotechnology-

related patents and grant documents were collected from the EPO and the JPO databases 

and the NSF database respectively, using the search keywords appearing in the document 

title and abstract; i.e., ―title-abstract‖ search that represents an important search 

functionality supported by each database. Three sets of nanotechnology patent documents 

were gathered from the USPTO database by searching keywords appearing in the 

document title and abstract (i.e., ―title-abstract‖ search); in the document title, abstract, 

and claims (i.e., ―title-claims‖ search); and in the entire patent document (i.e., ―full-text‖ 

search) (Huang et al. 2003b). In general, title-abstract searches seem to generate more 

accurate results but title-claims and full-text searches seem to provide a greater coverage 

of nanotechnology related patents. After gathering the patent documents from each 
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source database, several heuristic rules were applied to identify and remove documents 

not related to nanotechnology; i.e., ―noise‖ introduced by the keyword-based searches. 

As a result, irrelevant patents extracted by the incidental ―noise terms‖ (mostly in the 

form of ―nano*‖) were removed from the document corpuses; e.g., nanosecond, 

nanometer, or NaNO3. 

From the USPTO database, 7,406 nanotechnology related patent documents are 

collected using the ―title-abstract‖ search, 17,544 using the ―title-claims‖ search, and 

97,509 using the ―full-text‖ search. A total of 3,596 nanotechnology related patents are 

collected from the EPO database and 1,150 are collected from the JPO database. In 

addition, 10,114 nanotechnology-related grant documents were gathered from the NSF 

database. The citation information for the JPO patent documents or the NSF grant 

documents is not available at the respective sources. 

 

3.3.2 System Architecture  

Nano Mapper adopts a three-layer system architecture; as shown in Figure 3.1, its 

architecture consists of database layer, logical control layer, and presentation layer, from 

bottom to top. The database layer stores the parsed patent (grant) data. Different modules 

are implemented in the logic control layer to handle user queries or requests for different 

functions. The presentation layer houses the user interface and provides Web access to 

various functions, including search, statistical analysis, citation network analysis, and 

content map analysis. 
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Figure 3.1 System design of Nano Mapper  

 

The database layer is kernel to the Nano Mapper system, wherein all the collected 

documents are parsed and then stored in a relational database implemented using 

Microsoft SQL Server 2000. Different parsing programs are developed to extract from 

the patent documents patent identification information (i.e., patent ID, patent application 

number, patent priority number), bibliographic information (i.e., publication date, 

inventor name, applicant name), classification information (i.e., International 

classification, United States classification, European classification), citation information, 

and content information (i.e., title, abstract, claims, and description). Parsing programs 

are also developed to extract from the NSF grant documents grant identification number, 
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bibliographic information (i.e., start and expiration date, grant amount, and principal 

investigator), funding program information (i.e., NSF directorate and program), and 

content information (i.e., title and abstract).  

The logic control layer contains multiple modules for handling user queries and 

requests of various functions. This layer acts as a middleware that connects the 

presentation layer (i.e., user front end) and the back-end database layer. The search, 

statistics generation, and citation network modules are implemented on the basis of SQL 

queries that can generate intermediate tables to store pre-computing results for improved 

response time. For the content map generation module, the self-organization map (SOM) 

algorithm (Chen et al. 1996; Ong et al. 2005) was used to identify main topics from the 

documents and then generate content maps accordingly. All the documents support the 

search, statistics generation, and content map generation modules. However, only the 

USPTO and EPO documents support the citation network modules whereas the JPO 

database and the NSF database do not provide citation information and therefore do not 

support the citation network module. 

The presentation layer provides user interfaces to enable access to specific 

functionality (e.g., search, statistical analysis, citation network analysis, or content map 

analysis functions) against a collection of documents (i.e., USPTO patent documents, 

EPO patent documents, JPO patent documents, NSF grant documents). HyperText 

Markup Language (HTML) and JavaServer Pages (JSP) were used to implement the 

search functionality. For the statistical analysis module, the visualization of dynamic 

tables and charts were implemented using several Java Applet packages and Chart 2D 
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(http://chart2d.sourceforge.net), an open source java library. For the citation network 

visualizations module, Graphviz, an open source graph generation software by AT&T 

Labs (http://www.research.att.com/sw/tools/graphviz) (Gansner and North 2000), was 

customized. For the visualizations of the content maps, the content analysis module was 

created.  The Topic Map package developed by the Artificial Intelligence Lab at the 

University of Arizona (Chen et al. 1996; Ong et al. 2005) was used for this. 

 

3.3.3 System Functions 

Search functions: Following the theoretical foundations, i.e., cognitive fit theory 

(Vessey 1991) and cognitive load theory (Sweller 1988), and consistent with previous 

search system interface design research (Jansen et al. 2000; Lucas and Topi 2002; Rose 

2006; Silverstein et al. 1999; Turtle 1994; Wang et al. 2005), distinct search functions 

were implemented to support different levels of  task complexity. For each document 

collection, Nano Mapper provides three search functions: patent (grant) number search, 

quick search, and advanced search. Both patent (grant) number search and quick search 

constitute basic search functions of Nano Mapper. They aim to support users’ low-

complexity search tasks by matching the task with a low-complexity search interface, 

thus providing better cognitive fit. A patent (grant) number search returns the patent 

(grant) document with the specified patent (grant) number. A quick search allows users to 

specify one or multiple keywords to be used to search in the document title, abstract, 

and/or claims. The advanced search supports high-complexity task searching demands. It 

allows users to search patent or grant documents using a combination of search criteria 
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defined over multiple fields of a document. As shown in Figure 3.2, example fields 

supported by the advanced search on USPTO patent documents include patent title, 

examiner, inventor, assignee, assignee country, classification code, abstract, and claims. 

In response, Nano Mapper will return a list of patent or grant documents that include the 

patent or grant number, title, and publication date, thereby allowing users to review 

specific articles for details. 

 

 

Figure 3.2 Sample screenshots of advanced search function using USPTO patent 

documents  
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Statistical analysis function: Nano Mapper provides a statistical analysis function 

that enables users to visualize the analysis results obtained from patent (grant) documents 

and their citations within a specific time interval, across different specialized subareas, 

countries, institutions, or individuals (e.g., researchers, investigators, patent owners). To 

provide better cognitive fit and reduce the associated cognitive load, the statistical 

analysis function generates dynamic tables and charts to present the analysis results at 

different levels of aggregation in a manner that is intuitive and easily understood.  As 

shown in Figure 3.3, users can view analysis results in dynamic tables or line charts and 

can sort the results by the number of patents (grants), the total number of citations, or the 

average number of citations. A line chart allows users to analyze trends in the patent 

(grant) documents over time, from different perspectives and levels of aggregation. 

Furthermore, users can download the resulting statistics as a CSV file for future detailed 

examinations or reviews.  
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Figure 3.3 Screenshots of the statistics analysis function on USPTO patent collection  

Citation Network Analysis Function: For both USPTO and EPO patent 

documents, Nano Mapper provides a citation network analysis function, thereby enabling 

users to visualize patent citation networks in a specified time period, from different 

perspectives or at different levels of aggregation. To make the important citation 

relationships more prominent, the top 100 relationships between analytical units that have 

the largest numbers of citations are selected and shown visually. The links in a citation 

network are directional; i.e., a link originates from a node representing the citing 

document and points to a node denoted as the cited document. As illustrated in Figure 

3.4, a link from the ―United States‖ pointing to ―Japan‖ conveys US patent documents 

cited Japan patent documents. Each link has an associated number that denote the total 

number of citations between the documents. 
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Figure 3.4 Screenshots of the citation network analysis function on USPTO patent 

collection  

 

Content Map Analysis Function: The content map analysis function allows users 

to visualize major research topics in different time periods. A content map consists of a 

folder tree and a hierarchical content map; the former shows the topics identified from the 

patent or grant documents, and the latter displays the corresponding topic regions. Highly 

related topics, measured by their co-occurrence patterns, are adjacent to one another on 

the map. Each topic is associated with a number denoting the number of documents 
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pertaining to that topic. The size of a topic region on the map is proportional to the 

number of documents pertinent to that topic. The color of a region indicates the growth 

rate of the corresponding topic; specifically, the warmer the color, the higher the growth 

rate. The growth rate of a topic was calculated by dividing the total number of articles 

pertaining to the topic published in a time period by the number of articles published in 

the previous time period. A region that represents a new topic is shown in the color red. 

Figure 3.5 shows a sample content analysis map generated from USPTO patent 

documents by Nano Mapper. 

 

 

Figure 3.5 Sample screenshots of a content map generated by Nano Mapper’s analysis 

function using USPTO patent documents between 2000 and 2004 
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Together, these functions allow users to search nanotechnology patent or grant 

documents and obtain a holistic understanding of the nanotechnology field. From a 

literature search perspective, Nano Mapper supports both low- and high-complexity 

tasks; i.e., through its patent (grant) number search or quick search function, and 

advanced search function that allows users to examine nearly every document field of 

patent (grant) documents. Nano Mapper also provides statistical analysis, citation 

network analysis, and content map analysis, which provide users with holistic, 

comprehensive views of nanotechnology research, developments, and trends. 

 

3.4 Comparative Evaluations of Nano Mapper’ Search Functions 

Two controlled experiments were conducted to examine the search functions of 

Nano Mapper. The evaluations focus on the system’s perceived usefulness and ease of 

use, user satisfaction and behavioral intention, and search effectiveness and efficiency. 

Each experiment includes a benchmark system: one using the USPTO patent search 

system (http://patft.uspto.gov/) that provides full-text access to patents issued by the 

USPTO since 1976, and another uses the NSF grant search system 

(http://www.nsf.gov/awardsearch/) that offers online title-abstract access to all the NSF 

grants since 1989. The benchmark system choice is advantageous because it includes the 

same collection of documents (i.e., USPTO patent database or NSF grant database) 

accessible to Nano Mapper, thereby offering a necessary baseline for the intended 

comparative evaluation.  
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The USPTO system allows users to search patent information in different areas, 

which is also supported by Nano Mapper’s search functions. Both systems support 

different types of search that can be categorized as patent number search, quick search, or 

advanced search. Patent number and quick searches constitute the basic search commonly 

supported by existing search systems. Basic searches are low in task complexity and are 

supported by Nano Mapper as well. Advanced searches are more complex and usually 

involve the use of sophisticated analytical algorithms.  

The NSF system allows users to search funded projects in various science or 

technology areas. Nano Mapper and the NSF search system have the same document 

corpus extracted from the NSF grant database. In Nano Mapper, users can search grant 

documents in the form of grant number search or quick search. Similarly, the NSF search 

system provides a combined search functionality, called ―Search All Free-Text,‖ that 

allows users to search information about specific grants using the grant number or the 

keyword or keywords appearing in the grant title or abstract. In addition, the NSF system 

also supports ―Search All Fields,‖ an advanced search functionality that allows users to 

search grant information using different data fields or their combinations. 

 

3.4.1 Hypotheses 

The search tasks were classified on the basis of the search functionality involved. 

Patent (grant) number or quick searches are categorized as low-complexity and advanced 

searches are categorized as high-complexity. Unlike the advanced search function in 

Nano Mapper, the advanced search function in the USPTO system uses a query language-
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based search interface design. To use it, users need to first learn the specific query 

language. In turn, this will likely increase the user’s cognitive load to perform the query 

(Jansen et al. 2000; Lucas and Topi 2002; Silverstein et al. 1999; Turtle 1994). Nano 

Mapper supports quick searches by allowing users to enter keywords into two data fields 

chosen from patent title, abstract, and claim, which, according to the three 

nanotechnology experts, are the most important fields of patent documents. Although the 

USPTO system also adopts a keyword search interface design for quick searches, it 

requires users to enter keywords into two data fields chosen from a total 30 document 

fields. There are many plausible combinations that can be constructed using two out of 

the 30 data fields, hence it can demand a higher cognitive load from users. On the other 

hand, the NSF system’s advanced search functionality adopts the keyword search 

interface design. However, users can specify keywords in 18 data fields, whereas Nano 

Mapper’s advanced search functionality has 11 data fields. These 11 data fields used in 

the advanced search functionality of Nano Mapper are identified and verified by several 

domain experts. Thus, the larger set of options is expected to demand greater cognitive 

processing by users. Congruent with the analyses anchored in CFT and CLT, I posit that, 

in each experiment, Nano Mapper can better support users performing low- and high-

complexity search tasks than the benchmark system. 

One means of evaluating a system is to identify key objectives that the system is 

designed to address.  In the case of Nano Mapper, I expect that the search functionality 

and analysis functions will enable users to find answers to their queries faster and more 

accurately than using the benchmark systems.  In addition, I draw on the vast literature in 
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technology acceptance that identifies key system components associated with system use. 

The well-researched technology acceptance model (TAM: Davis et al. 1989) provides a 

solid foundation for evaluating users’ future intentions regarding system use.  TAM 

posits that ease of use and usefulness influence behavioral intention, which ultimately 

determines system use. TAM is built upon the theory of reasoned action (TRA: Ajzen 

and Fishbein 1973) which argues that intentions are direct determinants of behavior.  

Thus, intention to use a system is a reasonably good indicator of success. A series of 

hypotheses are developed by relying on TAM as the basis and leveraging the guiding 

theories – CFT and CLT. Low- and high-complexity tasks are also specifically addressed 

in the hypothesis development and testing. 

Ease of use refers to an individual’s perception that his/her use of the system is 

relatively free of effort (Venkatesh et al. 2003).  This concept maps well to the cognitive 

load that a user experiences while using a system; a system that is easier to use places 

less cognitive burden on the user. Given the use of CFT and CLT in guiding the design of 

Nano Mapper, users should perceive that it matches how they prefer to perform searches.  

This, in turn, should result in reduced cognitive load – and thus, lead to perceptions that 

the system is easy to use. I further expect users will find it easier to use than the 

benchmark systems, due to the attention to matching the search functionality to users’ 

preferred modes of searching.  Thus I hypothesize: 

H1:  Users consider Nano Mapper easier to use than the benchmark system 

when performing (A) low-complexity tasks and (B) high-complexity tasks. 
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When systems are designed to fit the task, as recommended by CFT, the outcomes 

of system use should contribute positively to overall productivity.  Perceived usefulness 

is the degree to which a system enhances performance (Venkatesh et al. 2003). As Speier 

and Morris (Speier and Morris 2003) demonstrate, when there is a fit between 

information presentation and the task, users are able to perform better. Since Nano 

Mapper was designed to provide that fit between the search and analysis tasks, I expect it 

will be perceived to be useful.  Because I not only identified gaps in the existing systems, 

but I also leveraged CFT in addressing those gaps in the design of Nano Mapper, I expect 

that users will perceive Nano Mapper to be more useful than the benchmark systems. 

Thus, I hypothesize: 

H2:  Users consider Nano Mapper more useful than the benchmark system 

when performing (A) low-complexity tasks and (B) high-complexity tasks. 

 
User satisfaction is a key indicator of system quality (DeLone and McLean 2003).  

Some prior research in technology acceptance has evaluated satisfaction with the system 

as either an antecedent to intention or as a replacement for it (Brown and Venkatesh 

2005; Karahanna et al. 1999), thus suggesting that it is influenced by ease of use and 

usefulness.  Given the arguments for H1 and H2, it follows that users should be satisfied 

with Nano Mapper.  Ultimately, well-designed systems are likely to generate higher user 

satisfaction (DeLone and McLean 2003).  Again, given the design considerations, I 

expect that Nano Mapper will be perceived more favorably than the benchmark system 

with respect to user satisfaction. Thus, I hypothesize: 

H3:  User satisfaction is higher with Nano Mapper than with the benchmark 

system in (A) low-complexity tasks and (B) high-complexity tasks. 
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Prior research has identified key determinants of behavioral intention, specifically 

ease of use and usefulness (Davis 1989; Venkatesh et al. 2003), as well as attitude (i.e., 

satisfaction) (Brown and Venkatesh 2005; Karahanna et al. 1999).  Based on the 

arguments presented for the earlier hypotheses, I expect that Nano Mapper will be 

evaluated more highly than the benchmark systems on all of these dimensions.  It 

follows, then, that users should have a higher intention to use Nano Mapper than the 

benchmark systems. Thus, I hypothesize: 

H4:  The intention to use is significantly higher for Nano Mapper than for the 

benchmark system in (A) low-complexity tasks and (B) high-complexity tasks. 

 

The design of Nano Mapper focuses on establishing a desirable fit between the 

search task and how the information is presented to the user.  Prior research suggests that 

when this fit occurs, the resulting outcomes should be positive (Vessey 1991).  As an 

example, Speier and Morris (Speier and Morris 2003) examined the impact of 

information presentation fit on decision making and found that when there was a fit, users 

made better decisions faster.  These aspects of accuracy and speed are particularly 

relevant in the current study, as Nano Mapper was designed to aid users in finding 

accurate answers to their queries quickly.  Thus I assess the success of task completion 

(i.e., accuracy) and the speed of task completion (i.e., time) in the evaluation study.  

Given the role of CFT in the design, I expect Nano Mapper to perform better on both of 

these metrics than the benchmark systems.  Thus, I hypothesize: 

H5:  Users are more likely to successfully complete (A) low-complexity tasks 

and (B) high-complexity tasks when using Nano Mapper than using the 

benchmark system.  
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H6: Users can successfully complete (A) low-complexity tasks and (B) high-

complexity tasks faster when using Nano Mapper than using the benchmark 

system. 

 

 

3.4.2 Experimental Design and Measurements 

To test the hypotheses, I adopted a ―one between-groups factor, one repeated-

measures factor‖ experimental design. The between-groups factor is the search system 

and is defined at two levels: Nano Mapper and the benchmark system. Search task 

complexity is the repeated-measures factor, also defined at two levels: low and high. 

Subjects were asked to perform each search task only once, using either Nano Mapper or 

the benchmark system. Compared with alternative experimental designs (e.g., a ―two 

repeated-measures factors‖ design), the design choice allows us to test the hypotheses 

without overwhelming the subjects. For each subject, the order of the tasks was 

randomized to be performed, thus mitigating the potential impact of task sequence. 

I adapt items from Davis (Davis 1989) to measure perceived ease of use and 

usefulness. Items for measuring user satisfaction and intention to use were adapted from 

Bhattacherjee (Bhattacherjee 2001). All the items used a seven-point Likert scale, with 7 

being ―strongly agree,‖ 4 being ―neutral,‖ and 1 being ―strongly disagree.‖ Search 

effectiveness was measured using task performance accuracy, which refers to how well 

each system supports the subject in successfully completing a search task. Specifically, 

accuracy is design as 
partsofnumberTotal

partsansweredcorrectlyofNumber
Accuracy

   

    
 , which is 

commonly used in information retrieval and knowledge mapping research (Chung et al. 
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2005; Chung et al. 2004; Marshall et al. 2004; Zhou et al. 2006). Two knowledge 

management experts performed each search task with both Nano Mapper and the 

benchmark system to generate a gold-standard result for that task, and reviewed each 

subject’s search results and assigned a score, using the gold-standard result and the 

accuracy formula. Efficiency was measured in terms of the amount of time a subject took 

to complete a search task (Chung et al. 2005; Marshall et al. 2004; Zhou et al. 2006). To 

keep the experiment within a reasonable time span, a time limit of 15 minutes for each 

high-complexity search task and 10 minute for each low-complexity search task was 

introduced. These time limits are appropriate as all the subjects participating in a pilot 

study were able to complete each high-complexity search task in 12 minutes or less, and 

each low-complexity task in 8 minutes or less.  

 

3.4.3 Nano Mapper versus USPTO Search System 

With the assistance of two knowledge management experts as well as three 

nanotechnology experts, six scenario-based search tasks related to nanotechnology were 

designed. Three of them are low in complexity and three are high in complexity.  

Subjects. The subjects are undergraduate students who enrolled in a junior/senior-

level introductory information systems class at a major public university located in 

southwest United States. The instructors assisted the recruiting by providing extra course 

credit as an incentive for students’ voluntary participation in the study. Each subject was 

asked to use patent number searches and quick searches to complete three low-

complexity tasks, and use advanced searches to complete three high-complexity tasks; 
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i.e., a subject used one of the two investigated systems to perform all the search tasks. 

The order by which the tasks are assigned to a subject is random, thus reducing the 

potential bias introduced by the task sequence. That is, a subject performed low-

complexity tasks first and then using the same system completed the remaining (high-

complexity) tasks, or vice versa. After completing all the low- or high-complexity tasks 

using a system, a subject was asked to answer questions to solicit his or her evaluative 

responses to the system’s ease of use and usefulness, user satisfaction, and intention to 

use the system in the near future.  

Results. A total of 48 subjects took part in the experiment, 31 males and 17 

females, with an average age of 22.31 years.  As a group, they have used computers for 

more than 12 years, and the Internet for more than 10 years. Twenty-four subjects used 

Nano Mapper, among them, 12 performed the low-complexity tasks first and the 

remaining performed the high-complexity tasks first. The other 24 subjects used the 

USPTO search system, with the same task ordering.  

One-tailed t-tests were performed to test H1 through H6. The results are presented 

in Table 3.1. According to the results, subjects consider Nano Mapper easier to use and 

more useful than the USPTO search system for both low- and high-complexity tasks, thus 

supporting H1(A), H1(B), H2(A), and H2(B). Subjects exhibit a significantly higher 

satisfaction with Nano Mapper than with the USPTO search system for both low- and 

high-complexity tasks. Therefore, the data support H3(A) and H3(B). Subjects’ intention 

to use Nano Mapper is significantly higher than that for using the USPTO search system 

for both low- and high-complexity tasks. Hence, the data support H4(A) and H4(B). The 
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likelihood that a subject successfully completed a low-complexity search task is 

significantly higher when using Nano Mapper than using the USPTO search system. 

However, no similar effect is observed in high-complexity tasks. Thus, the data support 

H5(A) but not H5(B). The amount of time subjects needed to successfully complete the 

low- or high-complexity tasks is significantly less when using Nano Mapper than using 

USPTO system. Therefore, the data support H6(A) and H6(B). 

 
 
 
 
 

Table 3.1 Summary of hypothesis testing results (H1-H6) for Nano Mapper versus 

USPTO  

Hypothesis 
Nano Mapper 

Mean / SD 

USPTO 

Mean / SD 

Nano Mapper vs. 

USPTO 

p - value 

H1 (A) 6.60 / 0.68 

(B) 5.21 / 1.28 

(A) 5.97 / 1.20 

(B) 2.28 / 1.04 

(A) 0.0119*  

(B) <0.0001**  

H2 (A) 6.36 / 0.74 

(B) 5.44 / 1.18 

(A) 6.00 / 0.87 

(B) 3.35 / 1.81 

(A) 0.0374*  

(B) 0.0001**  

H3 (A) 6.18 / 0.80 

(B) 5.02 / 1.23 

(A) 5.59 / 0.85 

(B) 2.92 / 1.21 

(A) 0.0020**  

(B) <0.0001**  

H4 (A) 6.28 / 0.70 

(B) 5.47 / 0.88 

(A) 5.51 / 1.20 

(B) 3.03 / 1.79 

(A) 0.0018**  

(B) <0.0001**  

H5 (A) 99.17% / 4.08% 

(B) 67.64% / 26.44% 

(A) 85.28% / 25.54% 

(B) 53.75% / 33.68% 

(A) 0.0084**  

(B) 0.0727  

H6 (A) 2.33 / 0.63 

(B) 3.63 / 1.23 

(A) 2.71 / 0.80 

(B) 7.54 / 2.26 

(A) 0.0462*  

(B) <0.0001**  

Note. Hypotheses supported at the following significance levels * α = 0.05 and ** α = 

0.01. The rating scale ranges from 1 to 7, with 7 being the best. Task performance was 

measured by averaging performance across tasks. Effectiveness was measured by 

accuracy. Efficiency was measured in minutes. 
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3.4.4 Nano Mapper versus NSF Search System 

With the assistance of the same group of experts, six scenario-based search tasks 

related to nanotechnology grants were designed. Three of them are low in complexity 

three are high in complexity. 

Subjects. Subjects were recruited from undergraduate students enrolled in an 

introductory information systems class at a major public university located in southwest 

United States. The instructors assisted the recruiting by providing extra course credit as 

an incentive for students’ voluntary participation in the study. Subjects who had 

participated in the study comparing Nano Mapper and the USPTO search system were 

excluded. In the experiment, a subject uses one of the two investigated systems to 

perform all the search tasks. The order by which the tasks were assigned to each subject 

is random, thus reducing the potential bias introduced by the task sequence. That is, a 

subject was asked to use a search system to perform low-complexity tasks first and then 

the high-complexity tasks, or vice versa.  A search system was randomly assigned to each 

subject, who performed low-complexity tasks using either the grant number and quick 

search function of Nano Mapper or the ―Search All Free-Text‖ function of the NSF 

system; and high-complexity tasks using the advanced search function of Nano Mapper 

or the ―Search All Fields‖ function of the NSF search system. After completing the tasks, 

each subject was asked to assess the system by answering the question items designed to 

solicit his or her evaluative responses to perceived ease of use, usefulness, user 

satisfaction, and intention to use in the near future.  
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Results. A total of 48 subjects took part in the experiment; none of them had taken 

part in the user study comparing Nano Mapper and the USPTO search system. These 

subjects consisted of 25 males and 23 females, with an average age of 23.15 years. The 

subjects have used computers for more than 13 years, and the Internet for almost 10 

years. Twenty-four subjects used Nano Mapper in the experiment; among them, 12 

performed the low-complexity tasks first and the remaining performed the high-

complexity tasks first. The other 24 subjects used the NSF search system, with a similar 

task pattern. 

One-tailed t-tests were performed to test H1 through H6. The results are presented 

in Table 3.2. According to the analyses, subjects consider Nano Mapper easier to use and 

more useful than the NSF system for high-complexity tasks but not low-complexity ones. 

The data support H1(B) and H2(B) but not H1(A) or H2(A). User satisfaction and 

intention to use are not significantly different across the systems. That is, the data do not 

support H3 or H4. Subjects are more likely to successfully complete search tasks using 

Nano Mapper than using the NSF system for both low- and high-complexity tasks. Thus, 

the data support H5(A) and H5(B). The amount of time subjects needed to complete a 

search task is less when supported by Nano Mapper than by the NSF for high-complexity 

tasks but not low-complexity tasks, in support of H6(B) but not H6(A). 
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Table 3.2 Summary of hypothesis testing results (H1-H6) for Nano Mapper versus NSF  

Hypothesis 
Nano Mapper 

Mean / SD 

NSF 

Mean / SD 

Nano Mapper 

vs. NSF 

p - value 

H1 (A) 6.50 / 0.70 

(B) 6.26 / 0.74 

(A) 6.58 / 0.64 

(B) 5.47 / 1.55 

(A) 0.3542  

(B) 0.0275*  

H2 (A) 6.42 / 0.64 

(B) 6.25 / 0.92 

(A) 6.29 / 0.71 

(B) 5.43 / 1.57 

(A) 0.2825 

(B) 0.0212*  

H3 (A) 5.80 / 0.85 

(B) 5.84 / 0.96 

(A) 6.06 / 0.86 

(B) 5.32 / 1.49 

(A) 0.1807  

(B) 0.1006  

H4 (A) 6.04 / 0.74 

(B) 6.04 / 0.76 

(A) 6.08 / 0.95 

(B) 5.42 / 1.65 

(A) 0.4367  

(B) 0.0675  

H5 (A) 99.58% / 2.04% 

(B) 87.22% / 19.63% 

(A) 84.72% / 21.93% 

(B) 49.58% / 44.17% 

(A) 0.0017**  

(B) 0.0007**  

H6 (A) 2.60 / 0.42 

(B) 2.86 / 0.72 

(A) 2.64 / 0.88 

(B) 3.51 / 1.17 

(A) 0.4110  

(B) 0.0170*  

Note. Hypotheses supported at the following significance levels * α = 0.05 and ** α = 

0.01. The rating scale ranges from 1 to 7, with 7 being the best. Task performance was 

measured by averaging performance across tasks. Effectiveness was measured by 

accuracy. Efficiency was measured in minutes. 

 

3.4.5 Summary 

For the comparison between Nano Mapper and the USPTO search system, almost 

all hypotheses are supported (except effectiveness on high-complexity tasks). For the 

comparison between Nano Mapper and the NSF search system, only H5 is supported for 

low-complexity tasks; while four out of the six hypotheses are supported for high-

complexity tasks. Such differences may be caused by the different interface designs that 

represent different levels of cognitive load for the users. The support of all six hypotheses 

on low-complexity tasks compared with USPTO could be attributed to the extra cognitive 

load added to the users when choosing from among 30 data fields versus only the three 

most important data fields (i.e. title, abstract, and claim) used in Nano Mapper. Not 
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surprisingly, when performing the high-complexity tasks, Nano Mapper is significantly 

better than USPTO search system in all six dimensions. As mentioned earlier, the 

advanced search function of USPTO uses a query language-based search interface design 

that causes increased cognitive load for users (Jansen et al. 2000; Lucas and Topi 2002; 

Silverstein et al. 1999; Turtle 1994). Although a ten-minute training session was provided 

for users to learn and become familiar with the specific query language before they 

actually performed the search tasks, many users still had some difficulty with it.  

In contrast, there is not a significant interface design difference between Nano 

Mapper and the NSF search system. Both systems adopt the keyword search interface 

design. For low-complexity tasks, NSF does not differentiate grant number search and 

quick search. Users can specify either a grant number or a keyword in the same text box 

to conduct the search. Except for effectiveness (accuracy), Nano Mapper does not 

perform significantly better than the NSF search system on low-complexity tasks. The 

better effectiveness of Nano Mapper may be attributed to the separation of grant number 

search and quick search, which gives users clearer guidance on where to go when they 

want to search for a specific grant using its grant number or search for certain keywords 

to see all the grants that are related to the keyword. However, in terms of ease of use, 

usefulness, user satisfaction, intention to use, and efficiency, Nano Mapper is not better 

than the NSF search system for low-complexity tasks. As described earlier, the advanced 

grant search in NSF has 18 data fields for users to specify keywords; however, Nano 

Mapper provides the most important 11 data fields suggested by nanotechnology experts. 

Therefore, I anticipated that the advanced search function could alleviate users’ cognitive 
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load. The hypothesis testing results indicate that Nano Mapper’s advanced search 

function is significantly better than that of the NSF search system in terms of perceived 

ease of use and usefulness, effectiveness, and efficiency. There is no significant 

difference in user satisfaction or intention to use, which is not quite surprising, since the 

two functions adopt the same keyword search interface design. Overall, the results 

regarding Nano Mapper’s search functions are positive. 

 

3.5 Evaluations of Nano Mapper’ Analysis Functions 

Evaluation studies were also conducted to examine the analysis functions of Nano 

Mapper; i.e., statistical analysis, citation network analysis, and content map analysis. The 

evaluations use the USPTO database and the NSF database, but do not include a 

benchmark system because neither the USPTO system nor the NSF system provides 

similar analysis functions. Therefore, subjects’ evaluative assessments of different 

measurement dimensions were used. 

 

3.5.1 Hypotheses 

Visualization can help reduce cognitive load by providing visual representations 

of large-scale collections of information and conveying the abstract information in 

intuitive ways (Leutner et al. 2009; Thomas and Cook 2005). Meanwhile, task 

performance is enhanced when there is a fit between the task and the information 

presentation (Vessey 1991; Wood 1986). To achieve such a fit and reduce the user’s 
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cognitive load, different visualization methods are applied to different analysis functions 

of Nano Mapper. For the statistical analysis function, dynamic tables and charts are used 

to show the aggregated patent (grant) document publication status at different levels of 

detail, such as country, organization, and individual researcher. For the citation network 

analysis function, social network visualization is used to present the citation relationships 

among different countries (organizations). For the content map analysis function, SOM is 

used to automatically extract and visualize the major research topics from the patent 

(grant) documents. I expect that users will exhibit positive feelings towards Nano 

Mapper’s analysis functions in terms of both cognitive fit with the task and reduced the 

cognitive load. 

Similar to the search function evaluation studies, I draw on the rich literature in 

technology acceptance to evaluate the analysis functions. The well-researched technology 

acceptance model (TAM: Davis et al. 1989) provides a solid foundation for evaluating 

users’ future intentions regarding system use. Relying on TAM and guided by CFT and 

CLT, I develop a set of hypotheses for the analysis functions. 

User’s perceptions of a system’s ease of use (Venkatesh et al. 2003) are closely 

related to their cognitive load for using the system. I anchor the design of Nano Mapper’s 

analysis functionality in the guidelines suggested by CFT and CLT. Therefore, I expect 

that the various analysis tools will aid in reducing the cognitive load that a user 

experiences while trying to process large amounts of information. As mentioned earlier, 

cognitive load and ease of use are related concepts. Since the analysis functions were 

designed to reduce cognitive load, users should find it easy to use. Thus, I hypothesize: 
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H7:  Subjects consider the analysis functions of Nano Mapper easy to use.  

 

The analysis functionality of Nano Mapper (i.e., statistical analysis, citation 

network analysis, and content map analysis) is instrumental to users’ obtaining a 

comprehensive understanding of nanotechnology research and development.  The designs 

of these functions are guided by CFT and CLT.  By ensuring a fit between how the users 

see the results and the particular task they are performing, they should be more 

productive when they query and attempt to understand the vast amount of information 

associated with nanotechnology (Speier and Morris 2003).  Thus, I hypothesize: 

 

H8: Subjects consider the analysis functions of Nano Mapper useful. 

 

User satisfaction represents an important dependent variable in information 

systems research (DeLone and McLean 2003).  It can be influenced by a system’s design 

quality, usefulness and ease of use (DeLone and McLean 2003).  Prior technology 

acceptance research has evaluated satisfaction with the system as either an antecedent to 

intention or as a proxy for it (Brown and Venkatesh 2005; Karahanna et al. 1999). Given 

the theory-guided design of the analysis functionality, and the previous arguments 

regarding ease of use and usefulness, I expect that users will be satisfied with the analysis 

functions of Nano Mapper, and ultimately have positive intentions to use it. Thus, I 

hypothesize:  

H9:  Subjects are satisfied with the analysis functions of Nano Mapper. 

 

H10:  Subjects exhibit positive intentions to use the analysis functions of Nano 

Mapper.  
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3.5.2 Study Design  

Each subject was asked to perform three tasks using Nano Mapper’s analysis 

functions. In one task, subjects gathered patent publication statistics, using the statistical 

analysis functionality of Nano Mapper. In another task, subjects used Nano Mapper’s 

citation network analysis functionality to examine patent citation networks. In the third 

task, subjects used Nano Mapper’s content map analysis functionality to gain an overall 

understanding of the different research topics. These tasks were also designed with 

assistance from the same group of experts. A pilot study with several voluntary subjects 

was performed to ensure task understandability and data collection adequacy.  

The measures items of ease of use, usefulness, user satisfaction, and intention to 

use were adapted from previously validated scales (Bhattacherjee 2001; Davis 1989), 

with minor wording changes appropriate for the subjects and contexts. These 

measurement items are similar to those used in the comparative evaluations of Nano 

Mapper’s search functions, adapted for the analysis functions. All the items used a seven-

point Likert scale, with 7 being ―strongly agree,‖ 4 being ―neutral,‖ and 1 being ―strongly 

disagree.‖ The midpoint (i.e., score of 4) was used as a cutoff for distinguishing positive 

and negative assessments by subjects. 

After completing all the tasks, subjects were asked to fill out a questionnaire 

survey designed to gather their assessments of their perceived ease of use and usefulness, 

satisfaction and intention to use of Nano Mapper’s analysis functions. 
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3.5.3 Analysis Functions for USPTO Patent Documents 

Subjects were recruited from those assigned to use Nano Mapper in the search 

functionality evaluation study involving the USPTO documents. I chose these subjects 

because they are familiar with Nano Mapper and have experienced using the system to 

complete specific tasks. Each subject was asked to complete three tasks, using the 

statistical analysis functionality, citation network analysis functionality, and the content 

map analysis functionality respectively.  

Results: A total of 24 subjects participated in the study. These subjects averaged 

23.57 years of age and are balanced in the gender distribution: 12 males and 12 females. 

As a group, these subjects report an average of 11.83 years of experience in using 

computers, and 10.17 years of experience in using the Internet. 

One-tailed t-tests were performed to assess whether subjects’ assessments are 

significantly higher than the cutoff; i.e., the midpoint of the seven-point Likert scale. As 

shown in Table 3.3, subjects perceived Nano Mapper’s analysis functions favorably, 

considering them easy to use and useful, as suggested by an average rating significantly 

higher than 4. Hence, the data support H7 and H8. User satisfaction is also positive, 

significantly higher than 4, in support of H9. In addition, subjects indicate strong 

intentions to use these analysis functions in the near future, reporting an average intention 

significantly exceeds 4. Therefore, H10 is supported. 
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Table 3.3 Summary of hypothesis testing results (H7-H10) for Nano Mapper’s analysis 

functions on USPTO patent documents  

Hypothesis Mean / SD p - value 

H7 5.82 / 1.30 <0.0001** 

H8 5.58 / 1.25 <0.0001** 

H9 5.75 / 1.02 <0.0001** 

H10 5.58 / 1.25 <0.0001** 

Note. Hypotheses supported at the following significance levels * α = 0.05 and ** α = 

0.01. The rating scale ranges from 1 to 7, with 7 being the best. 

 

3.5.4 Analysis Functions for NSF Grant Documents 

Subjects were recruited from those assigned to use Nano Mapper in the search 

functionality evaluation study involving the NSF documents. I chose these subjects 

because they are familiar with Nano Mapper and have experienced using the system to 

complete specific tasks. Each subject was asked to complete two tasks, using the 

statistical analysis functionality and the content map analysis functionality respectively. 

As mentioned before, since citation information is not available in NSF database, Nano 

Mapper does not have the citation network analysis functionality for the NSF grant 

documents.  

Results: A total of 24 subjects took part in the study. These subjects averaged 

23.17 years of age, 14 of them are male and 10 are female. As a group, these subjects 

report an average of 15.04 years of experience in using computers, and 10.35 years of 

experience in using the Internet. 

One-tailed t-tests were performed to assess whether subjects’ assessments are 

significantly higher than the cutoff; i.e., the midpoint of the seven-point Likert scale. As 
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shown in Table 3.4, subjects perceive the analysis functions of Nano Mapper easy to use 

and useful; each of which receives an average rating significantly higher than 4. Hence, 

the data support H7 and H8. User satisfaction is also significantly higher than 4, in 

support of H9. Further, subjects report strong intentions to use Nano Mapper’s analysis 

functions in the near future, showing an average intention significantly exceeds 4. Hence, 

H10 is supported. 

 
Table 3.4 Summary of hypothesis testing results (H7-H10) for Nano Mapper’s analysis 

functions on NSF grant documents  

Hypothesis Mean / SD p - value 

H7 6.08 / 0.81 <0.0001** 

H8 5.88 / 0.92 <0.0001** 

H9 5.68 / 1.03 <0.0001** 

H10 5.97 / 0.89 <0.0001** 

Note. Hypotheses supported at the following significance levels * α = 0.05 and ** α = 

0.01. The rating scale ranges from 1 to 7, with 7 being the best. 

 

3.6 Contributions and Future Research Directions 

3.6.1 Research Contributions 

This study addresses the need for Web-based KMS with advanced search and 

knowledge mapping functionality in nanotechnology, a fast-growing interdisciplinary 

area that has attracted the attention of researchers, practitioners, and business analysts. 

Several gaps in existing search and analysis systems are identified and address using a 

theory-guided design approach. The system, Nano Mapper, is designed and implemented 

to support users’ scientific document searches and their acquisition of the higher level 

information related to research and development status and trends in the nanotechnology 
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domain. Cognitive fit theory (Vessey 1991) and cognitive load theory (Sweller 1988) are 

leveraged to inform the system design and implementation. I subsequently evaluate the 

system using these theories to guide the hypothesis development. The results of the user 

evaluation indicate that Nano Mapper’s search functions are easier to use and more useful 

than the benchmark systems.  Further, users of Nano Mapper are more satisfied with the 

system, intend to use it in the future, and complete their search tasks faster and more 

accurately than users of the benchmark systems. In addition, the results demonstrate that 

users view the analysis functions favorably. 

Unlike most existing search systems, Nano Mapper has advanced functions that 

allow users to perform statistical analyses, citation network analysis, and (topic) content 

analyses against its document corpus extracted from key source databases. Hence, 

researchers and practitioners can use Nano Mapper to complete their search tasks, acquire 

holistic understanding of the collective body of nanotechnology, and develop 

comprehensive views of its research, developments, intellectual property landscape, and 

trends at different levels of aggregation. The statistical analysis function uses dynamic 

tables and two-dimensional line charts to present the analysis results in an intuitive and 

understandable manner, together with their citations within a specific time period. The 

citation network analysis function enables users to visualize patent citation networks at 

different levels of aggregation within a specific time period. The content map analysis 

function allows users to identify major research topics and important trends. Together, 

these functions support users’ scientific information searches and acquisition of the 
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overall understanding of the nanotechnology domain in an effective and time-efficient 

manner.  

As an interdisciplinary field that has affected a wide range of application areas, 

nanotechnology is expected to be one of the most important technologies of this century. 

The overwhelming volume of nanotechnology related scientific documents contributes to 

the information overload problem. Therefore, the need to better support users’ 

understanding of the nanotechnology domain and find specific research results and 

related information is crucial and in high demand. This research has made several 

contributions to address that challenge. First, the integrated framework is promising for 

alleviating information overload and discovering the overall knowledge of the research 

and development status and trends of the nanotechnology domain through various 

functions embedded in the framework. Both the functions and the analysis results they 

provided are potentially useful to nanotechnology researchers, citizen scientists, and 

policy makers. Second, Nano Mapper was implemented using the proposed integrated 

framework. By incorporating two types of scientific data sources, patents and grant 

documents, the system supports effective and efficient search of scientific information 

and other related knowledge for the nanotechnology domain. The functions, i.e., search 

(both the simple and advanced searches), statistical analysis, citation network analysis, 

and content map analysis functions, are built upon advanced algorithms and techniques. 

The analysis functions and the enabling techniques are particularly suitable for 

effectively mining and visually summarizing a large number of scientific documents. 

They helped to transform raw textual data from individual pieces into higher level 
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knowledge that depicts a comprehensive picture of the domain, thus augmenting existing 

search support systems for nanotechnology. In addition, the results of the user studies 

demonstrate that Nano Mapper can enhance user scientific document search performance 

and satisfaction. Two sets of evaluation studies were performed, focusing on the patent 

collection and the grant document collection respectively. Again, the empirical results 

provide evidence to support positive user satisfaction and favorable intentions to use 

Nano Mapper. Together, these results indicate that the underlying algorithm provides 

valuable results and the system interface makes Nano Mapper accessible to the users. 

 

3.6.2 Research Implications 

The results in the user evaluation studies have practical implications for search 

support system developers who can use the findings to develop new techniques to 

facilitate scientific document and information searching. The results suggest that 

leveraging our understanding of human cognitive processes can aid significantly in 

designing systems to address the information overload problem. For example, system 

developers should consider the cognitive fit between the task – be it search or analysis – 

and the representation format used in the task when designing such systems. These 

elements ultimately influence ease of use and usefulness perceptions, which are well-

known for the positive impact on system use (Venkatesh et al. 2003). 
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3.6.3 Future Research Directions 

Based on this initial study, there are a number of interesting ways to extend the 

research. First, as technology users increase in sophistication and expectations, 

developing interactive applications with visual representation of data will become more 

important. Therefore, new underlying algorithms and techniques should be developed and 

applied to the proposed framework to enhance user interaction and information 

representation in the system. Currently, all the results returned by the analysis functions 

are based on the data of a particular, user-selected time period and displayed in two-

dimensional tables or figures. Future work should examine the additional temporal 

components to each analysis function and incorporate the ability to visualize the results 

as three-dimensional displays with animations to provide users more dynamic and 

continuous presentation of the analysis results instead of individual depictions of separate 

time points. Second, in addition to the functionality, the interface design should be 

explored more fully. Optimally organizing and displaying information in the interface of 

Web-based systems is an important topic to human-computer interaction researchers 

(Galitz 2007; Petersen et al. 2008; Wright et al. 2008). By leveraging alternative 

theoretical foundations beyond CFT and CLT, future work may be able to improve 

interface design. Third, other domain areas and other data sources should be explored 

using the proposed framework. The proposed system framework can be applied to areas 

where information search and analysis is required to discover knowledge from a large 

amount of textual data. With the advent of Web 2.0, more and more user generated 

content (such as forums and blogs) have appeared online. Thus, the potential data sources 



116 

 

that can serve as input to systems such as these are quite vast. In addition to the standard 

scientific document sources, such user-generated content may help us to understand a 

given domain from another perspective. Organizing the user generated content and 

applying the established analysis functionality to it is an interesting avenue for future 

research.  
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CHAPTER 4. THE ROLES OF MENTAL WORKLOAD AND TASK TECHNOLOGY FIT 

IN THE DESIGN OF WEB-BASED KNOWLEDGE MANAGEMENT 

SYSTEMS FOR SOCIAL MEDIA DATA 

 

4.1 Introduction 

In Chapter 3, a Web-based KMS for mapping scientific knowledge across 

multiple data sources was developed and evaluated. Following the future research 

direction suggested in Chapter 3, in this Chapter, a Web-based KMS for user-generated 

social media data is designed. The system aims to provide better access to multilingual 

social media information in a cognitively effective manner. Theories of mental workload 

(MWL), task-technology (TTF) and the unified theory of acceptance and use of 

technology (UTAUT) are leveraged to guide the design of the system. A new research 

model is also proposed to extend theory. 

With the fast development and increased accessibility of the Internet, there has 

been a huge amount of information available online. As to scientific knowledge, for 

example, the Web of Science SCI Database (http://scientific.thomson.com/products/wos/) 

currently includes academic publications from over 6,650 major journals across 150 

scientific disciplines with an average of 19,000 new publication records and 423,000 new 

cited references added per week. The United States Patent (http://www.uspto.gov/) and 

Trademark Office, one of the world’s largest patent offices, has granted over 7,950,000 

patents with over 150,000 patents issued per year. 

http://scientific.thomson.com/products/wos/
http://en.wikipedia.org/wiki/List_of_top_United_States_patent_recipients
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The rapid increase in information availability makes it nearly impossible to stay 

current with advances in knowledge. By providing search and analysis functionality, 

Web-based knowledge management systems (KMS) enable individuals to access and 

understand the accumulated knowledge in an effective and efficient way. Various KMS 

have been developed to provide access to different sources of scientific knowledge. 

Examples include MEDLINE, generated by the National Library of Medicine 

(http://www.nlm.nih.gov/), for medicine related publications; Web of Science for 

research publications in a broad range of domains; and Web-based systems, maintained 

by leading patent offices, to access patent documents (e.g., USPTO patent search system: 

http://patft.uspto.gov/). 

In addition to providing scientific data sources, over time, the Internet has evolved 

towards multimedia-rich content delivery, end-user content generation, and community-

based social interaction, called ―Web 2.0‖ (O'Reilly 2005). Increasingly, Web 2.0 social 

media, such as Web forums, blogs, and social network sites (e.g., Facebook), are widely 

used. These media enable two-way communication among participants; a user can both 

read the content generated by others and write his/her own content, thereby enhancing 

information sharing, opinion generation, and community-based discussion.  

With the increased popularity of Web 2.0 social media, a tremendous amount of 

data has been generated. It has been reported that as of December 2009, 234 million 

websites, 100 million forums, and 126 million blogs have been produced and remain 

active; 27.3 million tweets are generated on Twitter per day; 350 million people are 

active on Facebook (http://www.softwarenewsdaily.com). Increasingly, much of this data 

http://www.nlm.nih.gov/
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is multilingual. From the latest statistics for Internet users by language, non-English 

speaking users are more than 70% of the whole 

(http://www.internetworldstats.com/stats7.htm). Thus, it is important to have tools that 

enable the development of a comprehensive understanding of user-generated social media 

content in different languages.  

The goals of the tools are to: (1) provide a unified access to data from various 

important social media data sources in different languages, (2) help users to efficiently 

find information from these data sources, and (3) provide multilingual translation support 

to enable users to understand the content in other languages in an intuitively easy manner. 

However, no system exists that can integrate multilingual social media data. This study 

therefore aims to develop a Web-based KMS to support search and analysis of 

multilingual social media data. 

Since no such system has been developed to date, to achieve the abovementioned 

goals, this study leverages both the design science and the behavioral science paradigms 

in Information Systems (IS) research. The design science paradigm seeks to create 

innovations that define the ideas, practices, technical capabilities, and products through 

which the analysis, design, implementation, management, and use of information systems 

can be effectively and efficiently accomplished (Denning 1997; Hevner et al. 2004; 

Tsichritzis 1998). The behavioral-science paradigm seeks to develop and justify theories 

(i.e., principles and laws) that explain or predict organizational and human phenomena 

surrounding the analysis, design, implementation, management, and use of information 

systems (Hevner et al. 2004).  
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Although they are distinct paradigms involving different methodologies, they are 

complementary and can influence each other (Gregor 2006). Behavioral science theories 

can provide guidance to the design of the functionality of information systems and the 

use experience of these systems can provide insights, thus leading to the correction of 

current theories or the creation of new theories. In this study, I adopt a ―bridging‖ 

approach that seeks to create innovation by leveraging theory to guide the design and 

evaluation of IT. Specifically, I utilize theories to guide the design of a Web-based KMS 

for social media data and, in turn, use the Web-based KMS to validate and extend the 

theory.  

The remainder of this chapter is organized as follows. Section 4.2 lists the 

research questions of this study. Section 4.3 provides the theoretical background. Section 

4.4 describes the proposed research model. Section 4.5 shows detailed information of the 

research methods. Section 4.6 discusses data analyses and results, including measurement 

model assessment and structural model testing. Section 4.7 summarizes the contributions 

of this study and future research directions.   

 

4.2 Research Questions 

As mentioned above, this study aims to develop a Web-based KMS for user 

generated Web 2.0 social media data by leveraging both the design science and 

behavioral science paradigms. The research questions this study seeks to address are: 

1. How to leverage theory to design and develop a Web-based KMS for user 

generated content? 

2. How to leverage theory to assess the system and then extend theory? 
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Compared to other data sources such as scientific publication, the characteristics 

of the user generated content makes it more challenging to develop a Web-based KMS. 

For example, user generated content is much less structured compared to scientific 

knowledge data sources. In addition, user generated content, which is growing rapidly, is 

typically held in multiple data sources, while these data sources are often stored in 

multiple locations. Thus, a great deal of data and information needs to be searched and 

organized. Multilingual access is another issue – some information can be in different 

languages. All these problems could lead to an increased burden on users’ cognitive 

systems.  

Further, people search in different ways. General search engines, such as 

Google.com and Bing.com, are good at searching more structured data sources in the 

Web such as particular online publications or websites, but they are typically not good at 

searching for information in user generated content such as the messages posted by a 

particular forum user. Some user generated data sources (e.g., Web forums) may provide 

their own search support, but they seldom allow users to search for information across 

multiple data sources; sometimes the interfaces are difficult to use or require varying 

degrees of assistance. Therefore, they might not by suitable for finding the needed 

information.  

In sum, to design a Web-based KMS for user generated social media data, it is 

important to make sure that users neither perceive the system functions as too demanding 

or complex when using them to complete their jobs, nor feel a lot of pressure or 

frustration when using the system, thus making them unwilling to continue using it. In 
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addition, the system functionality should be designed exactly to help users to search and 

understand the information. Two related theories, mental workload (Hart and Staveland 

1988; Sweller 1988) and task-technology fit (Goodhue and Thompson 1995) are 

therefore appropriate to be utilized in guiding the design and development as well as the 

evaluation of the system. A third theory, the Unified Theory of Acceptance and Use of 

Technology (Venkatesh et al. 2003), is also leveraged in this study to understand user 

intentions in using the system. In Section 4.3, detailed discussions are provided about the 

three theories.  

 

4.3 Theoretical Background 

This section presents the theoretical background of this study. 

 

4.3.1 Mental Workload (MWL) 

 

The concept of mental workload (MWL) or cognitive load is central to many 

disciplines, including cognitive psychology, educational psychology, and cognitive 

ergonomics (Cegarra and Chevalier 2008). It focuses on understanding humans’ 

information processing ability considering certain cognitive limitations and demands 

involved (Hart and Staveland 1988; Sweller 1988).  

An individual has two types of memory: working memory and long-term 

memory. Working memory has limited capacity and ability to store and process 

information (Miller 1956), while long-term memory has a much larger, almost unlimited, 
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capacity for information storage and processing (Van-Merriënboer and Ayres 2005). It 

has been found that working memory can hold only seven (plus or minus two) items or 

chunks of information at a time (Miller 1956). However, humans are only conscious of 

information held and processed in working memory; they tend to ignore the information 

stored in long-term memory (Sweller 1988; Sweller et al. 1998). Information held in 

long-term memory is organized and stored as knowledge structures, called schemas 

(Sweller 1988).  

Schemas are formed in working memory, and then stored in long-term memory. 

Although working memory can hold only seven (plus or minus two) chunks of 

information at a time, the size and complexity of those chunks are unlimited (Sweller et 

al. 1998). This means that a schema can be very complex, but only be treated as one 

chunk of information in working memory (Artino 2008). Therefore, to support effective 

learning of new materials, the primary importance is to help users easily construct 

schemas by reducing the cognitive burden imposed on working memory and increasing 

the ease with which information can be processed in working memory (Artino 2008; 

Schmutz et al. 2009). 

Subjective measures (or rating scales) are widely used to measure MWL. The 

underlying assumption is that people are capable of introspecting on their cognitive 

processes and reporting the amount of mental effort they spent to complete tasks (Paas 

1992; Rubio et al. 2004). There are several advantages to using subjective measures. 

They are relatively nonintrusive and easy to implement, and they have significant 

theoretical support (Hart and Staveland 1988; James et al. 1995). Moreover, participants 
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are usually very consistent in their self-assessment of the ratings (Schvaneveldt et al. 

1998).  

One of the most popular subjective measures with the highest user acceptability 

(Cain 2007) is the NASA Task Load Index (NASA-TLX) which is a multidimensional 

rating scale procedure that has been shown to be very sensitive to changes in MWL levels 

in many different contexts (Hart and Staveland 1988). NASA-TLX provides an overall 

MWL score based on a weighted average of ratings on the six bipolar dimensions of 

mental demand, physical demand, temporal demand, performance, effort, and frustration 

level (Hart and Staveland 1988). The inclusion of these six dimensions was based on 

extensive research and psychometric analyses by Hart and her associates in a variety of 

contexts, including laboratory experiments and simulated flight experiments (Hart 1986; 

Hart and Staveland 1988; Lysaght et al. 1989). Table 4.1 lists the six dimensions of 

NASA-TLX and their descriptions. 
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Table 4.1 NASA-TLX rating scale descriptions (Hart and Staveland 1988)  

Title Endpoints Description 

Mental 

Demand 
Low/High 

How much mental and perceptual activity was required 

(e.g., thinking, deciding, calculating, remembering, 

looking, searching, etc.)? Was the task easy or 

demanding, simple or complex, exacting or forgiving? 

Physical 

Demand 
Low/High 

How much physical activity was required (e.g., 

pushing, pulling, turning, controlling, activating, etc.)? 

Was the task easy or demanding, slow or brisk, slack or 

strenuous, restful or laborious? 

Temporal 

Demand 
Low/High 

How much time pressure did you feel due to the rate or 

pace at which the tasks or task elements occurred? Was 

the pace slow and leisurely or rapid and frantic? 

Performance Good/Poor 

How successful do you think you were in 

accomplishing the goals of the task set by the 

experimenter (or yourself )? How satisfied were you 

with your performance in accomplishing these goals? 

Effort Low/High 
How hard did you have to work (mentally and 

physically) to accomplish your level of performance? 

Frustration 

Level 
Low/High 

How insecure, discouraged, irritated, stressed, and 

annoyed or secure, gratified, content, relaxed, and 

complacent did you feel during the task? 

 

 

As a well-established measurement scale with a sound basis, NASA-TLX is 

believed to be a robust technique for MWL estimation with generic items that can be 

applied to any domain (Battiste and Bortolussi 1988; Hart and Staveland 1988; Hill et al. 

1992; Rubio et al. 2004; Stanton et al. 2005). It has been used in research conducted for 

various domains and translated in different languages (Hart 2006). Different versions of 

the measurement descriptions have been produced, including verbal, written, and 

computer-based versions (Noyes and Bruneau 2007; Noyes and Garland 2008).  
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It has also been used in a variety of applications and settings, including: aviation 

(Averty et al. 2004; Hart and Staveland 1988), nuclear power plants (Jou et al. 2009; Park 

and Jung 2006), ground transportation (Hakan and Nilsson 1995; Takao et al. 2002), 

healthcare and clinical systems (Bertram et al. 1992; Saleem et al. 2007; Wachter et al. 

2006), mobile communication systems (Christiansson and Svidt 2006; Kamvar and 

Baluja 2008), disaster monitoring systems (Bayrak 2007), robot control (Parikh et al. 

2007), etc. It has been widely used in psychology and ergonomics literature. However, 

little attention has been paid to it by researchers in the IS field. 

Guidelines for designing usable interfaces of information systems recommend 

reducing users’ MWL (Schmutz et al. 2009). Previous studies have utilized MWL to 

assess design and performance of various information systems. For example, Saleem et 

al. (2007) compared four alternative designs of computerized clinical information 

systems according to MWL, efficiency, and usability. Kamvar and Baluja (2008) 

compared two search interfaces of  mobile phones, with and without query suggestions, 

and found that the one with query suggestions had less MWL and higher enjoyment for 

users. Schmutz et al. (2009) compared users’ MWL of using the websites of four 

eCommerce systems and found a significant negative correlation between MWL and user 

satisfaction. 

However, most of these studies used one aggregated value based on NASA-TLX 

to measure MWL of alternative system designs instead of using a set of systematically 

developed measurement items for each dimension of NASA-TLX. Furthermore, none of 
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them examined MWL as a construct in a nomological network to investigate its causal 

relationships with other IS usage behavior constructs. 

 

4.3.2 Task-Technology Fit Theory (TTF) 

Two of the most important ―fit‖ theories are task-technology fit (TTF) theory and 

cognitive fit theory (CFT). TTF was derived from CFT with the focus of the fit between 

the tasks and the information technology that is designed to support users to perform the 

tasks, while in general CFT has a broader focus.  

Developed by Vessey (1991), CFT proposes that the correspondence between task 

and information presentation format leads to superior task performance for individual 

users. A match between representation and the task can lead to the sense of similarity in 

system usage. Users can then form consistent problem-solving processes with a 

consistent mental representation (Vessey 1991). CFT has provided an explanation for 

performance differences among users across different presentation formats such as tables, 

graphs, and schematic faces (Umanath and Vessey 1994b; Vessey 1991; Vessey and 

Galletta 1991). 

Focusing on Information Technology (IT), TTF holds that IT is more likely to 

have a positive impact on individual performance and be used if the capabilities and 

functionality of the IT match the requirements of the tasks that the user must perform 

(Goodhue and Thompson 1995). As stated by Goodhue and Thompson (1995), ―tasks are 

broadly defined as the actions carried out by individuals in turning inputs into outputs‖ 

(p. 216). Certain task characteristics might make users to rely more on certain aspects of 
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IT. ―Technologies are viewed as tools used by individuals in carrying out their tasks‖ 

(Goodhue and Thompson 1995, p. 216). For IS research, technology means computer 

systems and user support services that can help users to complete tasks. Lim and 

Benbasat (2000) have extended TTF to a task-representation fit model to examine the 

relationship between the richness of representation and the analyzability of task. 

Since the initial work, TTF has been applied in the context of general Web-based 

services and systems (D’Ambra and Rice 2001) and to a diverse range of specific 

information systems including: group support systems (Dennis et al. 2001; Maruping and 

Agarwal 2004), communication tools (Goette 2000), e-commerce systems (Gebauer and 

Shaw 2004; Klopping and McKinney 2004), spatial decision support systems 

(Jarupathirun and Zahedi 2007), travel systems (D’Ambra and Wilson 2004), etc. 

According to TTF, when developing an IS, the functionality of the system needs to fit the 

requirements of the tasks that users need to perform. 

 

4.3.3 Unified Theory of Acceptance and Use of Technology (UTAUT) 

The Unified Theory of Acceptance and Use of Technology (UTAUT) aims to 

explain user intentions to use an IS and subsequent usage behavior (Venkatesh et al. 

2003). It was developed through a review and consolidation of the constructs of eight 

models that earlier research had employed to explain IS usage behavior. The theory holds 

that four key constructs, performance expectancy (PE), effort expectancy (EE), 

facilitating conditions (FC), and social influence (SI) are direct determinants of usage 

intention and behavior. The theory also posits that gender, age, experience, and 
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voluntariness of use can moderate the impact of the four key indicators on usage intention 

and behavior. 

Venkatesh et al. (2003) suggested that ―future research should focus on 

integrating UTAUT with research that has identified causal antecedents of the constructs 

used within the model‖ to ―provide a better understanding of how cognitive phenomena 

that were the focus of this research are formed‖ (p. 470). Venkatesh et al. (2003) also 

mentioned that ―determinants that have not been explicitly tied into this stream but merit 

consideration in future work include task-technology fit‖ and individual ―cognitive 

ability/intelligence‖ (p. 470). Following their suggestions, this study examines causal 

relationships between MWL (i.e., an individual cognitive element) and TTF. 

 

4.4 Research Model 

MWL, TTF, and UTAUT are particularly relevant theories and can be leveraged 

to design and evaluate the Web-based KMS for multilingual Web 2.0 social media data. 

UTAUT is used as the theoretical basis for understating user intentions to use the system. 

Focusing on individual cognitive ability, MWL is used to assess the cognitive burden 

imposed on users, and the ability of the system to reduce it. TTF provides an 

understanding of the level of fit between the functionality of the system and the 

requirements of the tasks that users are going to perform with the system. 

In this study, I propose a research model to examine the relationship among 

MWL, TTF, and UTAUT constructs. Figure 4.1 shows the proposed research model. 
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Figure 4.1 Research model  

 

The dependent variable is behavioral intention (BI), individual’s intention to use 

technology (Davis et al. 1989; Venkatesh et al. 2003). It has been widely accepted as an 

important dependent variable when studying how and why individuals adopt new 

information technologies (Venkatesh et al. 2003).  

According to UTAUT, there are four major direct determinants of BI: 

performance expectancy (PE), effort expectancy (EE), facilitating conditions (FC), and 

social influence (SI). PE is defined as the degree to which an individual believes that 

using the system will help him or her to attain gains in job or task performance. EE is 

defined as the degree of ease associated with the use of the system. FC is defined as the 

degree to which an individual believes that an organizational and technical infrastructure 

exists to support use of the system. SI is defined as the degree to which an individual 

perceives that important others believe he or she should use the new system. 
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Consistent with UTAUT, I posit that PE, EE, FC, and SI will have positive 

impacts on users’ intentions to use the Dark Web Forum Portal. Hypotheses 1 to 4 are as 

follows. 

 H1: Performance expectancy will positively influence behavioral intention.  

 

 H2: Effort expectancy will positively influence behavioral intention. 

 

 H3: Facilitating Conditions will positively influence behavioral intention.  

 

 H4: Social influence will positively influence behavioral intention. 

 

UTAUT also introduces four moderators that will influence the impacts of the 

four key indicators (i.e., PE, EE, FC, and SI) on usage intention and behavior. The four 

moderators are gender, age, experience, and voluntariness of use. The moderators are not 

included in the research model because the main focus of this study is to examine the 

impacts of MWL and TTF on UTAUT indicators (as noted in the dotted box in Figure 

4.1). 

MWL is the cognitive burden imposed on a person’s working memory when 

using a system to perform a particular task (Hart and Staveland 1988; Sweller 1988). A 

high MWL perceived when using a new information system means that the schema 

construction process in the user’s working memory is complex and difficult. A high 

MWL will make users feel that the gains of using the system to do the job are few and it 

is difficult to use the system to finish the tasks. Users may also perceive that the existing 

technical infrastructure to support their use of the system is not good. In contrast, a low 

MWL indicates that the schema construction process is simple and easy. The user will 
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feel an increased performance, ease of use, and technical infrastructure support of using 

the system. I therefore propose the following hypotheses 5 to 7. 

 H5: Mental workload will negatively influence performance expectancy.  

 

 H6: Mental workload will negatively influence effort expectancy. 

 

 H7: Mental workload will negatively influence facilitating conditions. 

 

According to TTF, a match between the technology (an information system in this case) 

and the task requirements can lead to the use of similar, and therefore consistent, 

problem-solving processes. This will lead to a belief of increased performance gains, ease 

of use, and technical infrastructure support associated with the use of the system to finish 

tasks. On the contrary, when a mismatch occurs between the system and task 

requirements, similar processes cannot be used to act on the representations of task 

characteristics and technology characteristics, and users will therefore no longer be 

guided by consistent problem-solving processes. This can lead to decreased gains in task 

performance, ease of use, and technical infrastructure support associated with the use of 

the system. I therefore propose the following hypotheses 8 to 9. 

 H8: Task technology fit will positively influence performance expectancy.  

 

 H9: Task technology fit will positively influence effort expectancy. 

 

 H10: Task technology fit will positively influence facilitating conditions. 

 

Note that according to the definition of SI, that is, ―the degree to which an 

individual perceives that important others believe he or she should use the new system,‖ 

SI is not expected to have significant relations with MWL or TTF, since SI aims to 
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measure how others’ perceptions toward a system will influence an individual’s use of 

the system while both MWL and TTF focus on the individual’s own perceptions of the 

system. 

 

4.5 Methods 

Two methods are used in this study, including: (1) theory-guided system 

development, and (2) a lab experiment of research model assessment. The theory-guided 

system development utilized design science methodology to develop a technical 

framework for building a Web-based KMS for user-generated content. The lab 

experiment of system assessment was conducted using behavior science methodology to 

test the proposed theoretical model and the hypotheses. Sections 4.5.1 and 4.5.2 provide 

detailed description about the two methods. 

 

4.5.1 Theory-Guided System Development  

 The two-way communication enabled by Web 2.0 (O'Reilly 2005) has fostered 

the exponential growth of user-generated content on the Web. Different from formal 

media, this new platform contains a vast amount of rich information about individuals’ 

opinions and ideas. Such information is typically not as structured as the information in 

formal media that is also often generated in different languages. But the rich nature 

makes it important for both researchers and practitioners to understand people’s opinions 

and ideas in a particular domain. A systematic Web-based KMS can therefore help them 
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to access and understand the multilingual social media information in an effective and 

efficient manner.  

 As summarized in the Introduction section, the goals of a Web-based KMS 

system include: (1) provide unified access to data from various important social media 

data sources in different languages, (2) help users to find information from these data 

sources efficiently, and (3) provide multilingual translation support to enable users to 

understand the content in other languages in an intuitive and easy manner. Accordingly, 

three major components have been developed and integrated into the system: data 

integration, search support, and multilingual translation support. 

 The system framework adopts a three-tier architecture. As shown in Figure 4.2, 

the architecture consists of database layer, logical control layer, and presentation layer, 

from bottom to top.  
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Figure 4.2 System framework architecture  

 

The database layer stores the collected multilingual user generated data from Web 2.0 

media sires in a relational database. Different data collection programs were developed 

for different languages. Detailed data fields are extracted, including message/thread titles, 

main message bodies, author names, and post dates. The data integration functionality 

was implemented in this layer. A unified database design was adopted for different data 

sources. 

 The logic control layer contains modules for handling search support and 

multilingual translation support functionalities. This layer acts as middleware that 

connects the presentation layer and the back-end database layer. The search functionality 
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allows users to search postings from each data source by searching keyword(s) in various 

data fields such as message/thread title, message body, author name, and/or post date. In 

addition to searching information in one particular data source, the system also enables 

users to search information across different data sources. To provide users with improved 

consistency and a more positive user experience, a unified search interface design was 

adopted for different data sources as well as for the across-all data sources search 

function. 

 The multilingual translation support functionality is provided in order to process 

multilingual content written in various languages. It was implemented using Google 

Translation API (http://code.google.com/apis/ajaxlanguage/documentation/#Translation). 

When users search non-English forums, the results will be returned in both the original 

language and in English. Results in both languages are displayed on the same page using 

a double-column table format, each column for one language and each row for the same 

posting. To further reduce the mental burden when users conduct keyword searches in 

non-English forums, the system allows users to express their search terms in English even 

when the forum is mainly in another language (e.g., Arabic). In that case, the search will 

return matches for both the English terms and the Arabic translations of those terms.  

 The presentation layer provides user interfaces that enable access to specific 

functionality. JavaServer Pages (JSP) technology was used to develop the Web pages. 

 A prototype system has been developed based on the abovementioned system 

framework. Currently, the system contains user generated content from 29 important 

Web forums related to homeland security and selected by domain experts, with a total of 
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13 million postings from 340 thousand participants. Among them, 17 are in Arabic, 7 in 

English, 3 in French and 2 in German and Russian. Figure 4.3 shows a screenshot of the 

search support and multilingual translation support functionalities of the system. 

 

 

Figure 4.3 A screenshot of the search support and multilingual translation support 

functionalities  
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4.5.2 Lab Experiment of Research Model Assessment  

4.5.2.1 Experiment Process 

The subjects were undergraduate students who enrolled in a junior/senior-level 

introductory information systems class at a major public university located in the 

southwest United States. The instructors assisted the recruiting by providing extra course 

credit as an incentive for students’ voluntary participation. A total of 190 subjects (77 

females and 113 males) participated the study with an average age of 21.8, and 12.6 years 

of using computers, 10.2 years of using the Internet, and 9.3 years of using Web-based 

search support systems. Among them, only 3 could read or write Arabic; 1 could read or 

write German; 3 could read or write Russian; 23 could read or write French. In the 

experiment, the non-English tasks were based on Arabic. I therefore did not expect the 

results to be influenced by the subjects’ own language abilities. 

By consulting several security researchers and educators, seven scenario-based 

search tasks were developed. Two tasks were about searching English forums, two tasks 

about searching Arabic forums, and another three tasks about searching across all forums 

in different languages. The order of the tasks was randomized to avoid the potential 

influence of task sequencing. In the experiment, each subject was asked to perform all 

seven tasks using the system and then complete a survey with question items about 

MWL, TTF, PE, EE, FC, SI, and BI. 
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4.5.2.2 Measurement of MWL 

The measurement of MWL was developed based on NASA-TLX (Hart and 

Staveland 1988). Most previous studies used the original 6 dimensions of NASA-TLX by 

providing subjects the original descriptions of these dimensions, with each description as 

one question item. When studying Web-based services, previous studies dropped the 

physical demand dimension due to the fact that the keyboard and mouse actions needed 

to navigate through pages were not assumed to produce noticeable physical demand 

compared to operating aircraft or other large-scale machines (Li et al. 2009; Schmutz et 

al. 2009). In this study, since the operations needed to complete the tasks were just basic 

keyboard and mouse actions, the physical demand dimension was excluded. Instead of 

the original 0 to 100 numeric score range, some studies have adopted point scales, such 

as 10-point scales (Schmutz et al. 2009) and 7-point scales (Chen et al. 2009).  

However, no previous study has developed survey-based items for different 

dimensions of NASA-TLX. Using the description for each dimension as its definition, 

survey items for each dimension (except for the physical demand dimension) were 

developed in this study. To make sure the face and content validity of these items 

remained intact, most of the original wordings of the definitions were kept with only 

minor changes as appropriate to the context. Table 4.2 shows the developed survey-based 

NASA-TLX measurement items with Cronbach’s alpha value for items associated with 

each dimension. 
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Table 4.2 Survey-based NASA-TLX measurement items  

Dimension 
Item 

No. 
Item (Cronbach's 

Alpha) 

Mental Demand 

Dimension  

(0.832) 

MDD1 
A large amount of thinking was required when using 

the Dark Web Forum portal to complete the tasks. 

MDD2 
A large amount of deciding was required when using 

the Dark Web Forum portal to complete the tasks. 

MDD3 
I had to remember a large amount of things to use the 

Dark Web Forum portal to complete the tasks. 

MDD4 
Overall, using the Dark Web Forum portal to complete 

the tasks was: easy / demanding. 

MDD5 
Overall, using the Dark Web Forum portal to complete 

the tasks was: simple / complex. 

Temporal 

Demand 

Dimension  

(0.788)  

TDD1 
I felt a lot of time pressure when using the Dark Web 

Forum portal to complete the tasks. 

TDD2 

When using the Dark Web Forum portal to complete 

the tasks, the pace was: relaxed leisurely / extremely 

hurried. 

TDD3 
When using the Dark Web Forum portal, I had spare 

time to complete the tasks: very often / almost never. 

Performance 

Dimension  

(0.943)  

PD1 
Using the Dark Web Forum portal, I successfully 

achieved the task goals. 

PD2 
I was successful in accomplishing the goals of the tasks 

using the Dark Web Forum portal. 

PD3 
I was satisfied with my performance in accomplishing 

the tasks using the Dark Web Forum portal. 

PD4 
I was pleased with the results of my task performance 

using the Dark Web Forum portal. 

Effort 

Dimension 

(0.904)  

ED1 
I needed to work very hard to get familiar with the 

Dark Web Forum portal to complete the tasks. 

ED2 

I needed to work very hard to get satisfactory 

performance when using the Dark Web Forum portal to 

complete the tasks. 

Frustration 

Level 

Dimension  

(0.876)  

FLD1 
When using the Dark Web Forum portal to complete 

the tasks, I felt: gratified / discouraged. 

FLD2 
When using the Dark Web Forum portal to complete 

the tasks, I felt: relaxed / irritated. 

FLD3 
When using the Dark Web Forum portal to complete 

the tasks, I felt: content / stressed. 

FLD4 
When using the Dark Web Forum portal to complete 

the tasks, I felt: complacent / annoyed. 



141 

 

 

As shown in Table 4.2, the Cronbach’s alpha values range from 0.79 to 0.94, 

greater than the recommended minimum value of 0.7 (Hair et al. 1998; Nunnally 1978). 

Therefore, all items are reliable: mental demand dimension (5 items, Cronbach's Alpha = 

0.83), temporal demand dimension (3 items, Cronbach's Alpha = 0.79), performance 

dimension (4 items, Cronbach's Alpha = 0.94), effort dimension (2 items, Cronbach's 

Alpha = 0.91), and frustration level dimension (4 items, Cronbach's Alpha = 0.88).  

 

4.5.2.3 Measurement of TTF 

System specific measures of TTF (Fuller and Dennis 2009) were developed, 

focusing on the three major functionality components: data integration, search support, 

and multilingual translation support. To make sure the validity of these items remained 

intact, each item asked whether or not a given component of the system fit the tasks that a 

user would need to perform. Table 4.3 shows the measurement items with Cronbach’s 

alpha value for items of each component. 
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Table 4.3 Measurement items of TTF  

Dimension 
Item 

No. 
Item (Cronbach's 

Alpha) 

Data 

Integration 

Support Fit   

(0.891) 

DISF1 
The Dark Web Forum portal fit the way I preferred to view 

messages across forums. 

DISF2 
In the Dark Web Forum portal, the integration of messages 

from different forums fit my cross-forum search tasks. 

DISF3 
In the Dark Web Forum portal, data from different forums 

were displayed in a consistent manner. 

DISF4 
Using the Dark Web Forum portal, it was easy for me to 

compare and consolidate data from different forums. 

DISF5 
The Dark Web Forum portal organized the output across 

forums in a meaningful manner. 

Search 

Support Fit   

(0.891)  

SSF1 
The Dark Web Forum portal fit the way I needed to view 

information to accomplish my search tasks. 

SSF2 
The Dark Web Forum portal was compatible with my 

search tasks. 

SSF3 
The search interfaces of the Dark Web Forum portal were 

clear and adequate for performing my tasks. 

SSF4 
The search results were displayed in a readable and 

understandable format in the Dark Web Forum portal. 

SSF5 

The data relating to my tasks that were returned by the 

search functionality of the Dark Web Forum portal was easy 

to find out. 

Multilingual 

Translation 

Support Fit  

(0.883)  

MTSF1 
The Dark Web Forum portal fit the way I preferred to get 

the translations of multilingual forum messages. 

MTSF2 
The Dark Web Forum portal was compatible with my 

multilingual translation tasks. 

MTSF3 

The translation functionality of the Dark Web Forum portal 

made it easier to understand the multilingual forum 

messages. 

MTSF4 

I found the translation functionality of the Dark Web Forum 

portal useful in helping me get a better understanding of 

multilingual forum messages. 

MTSF5 
It was easy to learn how to use the translation functionality 

of the Dark Web Forum portal to conduct my tasks. 

MTSF6 

The Dark Web Forum portal’s display of the original 

message and its English translation helped me to understand 

the content. 
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All Cronbach’s alpha values are greater than the recommended minimum value of 

0.7 (Hair et al. 1998; Nunnally 1978), indicating that all items are reliable: data 

integration support fit (5 items, Cronbach's Alpha = 0.89), search support fit (5 items, 

Cronbach's Alpha = 0.89), and multilingual translation support fit (6 items, Cronbach's 

Alpha = 0.88). 

 

4.5.2.4 Measures of UTAUT Constructs 

Standard items of measuring BI, EE, FC, PE and SI from the original UTAUT 

paper (Venkatesh et al. 2003) were adopted. There are 3 items for BI, 4 items for EE, 4 

items for FC, 3 items for PE (the original item ―If I use the system, I will increase my 

chances of getting a raise‖ was dropped because it was not appropriate for the context of 

this study), and 2 items for SI (two original items ―The senior management of this 

business has been helpful in the use of the system‖ and ―In general, the organization has 

supported the use of the system‖ were dropped because it they were not appropriate for 

the context of this study).  

As shown in Table 4.4, the Cronbach's Alpha values for all the above constructs 

(except for FC) are greater than the 0.7 guideline (Hair et al. 1998; Nunnally 1978). For 

FC, the reliability test results suggested dropping items FC3 and FC4. After that, the 

Cronbach's Alpha value for FC increased to 0.716, thus passing the 0.7 guideline.  
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Table 4.4 Measurement items of the UTAUT constructs  

Construct 
Item 

No. 
Item (Cronbach's 

Alpha) 

Behavioral 

Intention 

(0.948)  

BI1 

The next time I need to search and translate multilingual 

forum messages on this topic, I intend to use the Dark Web 

Forum portal. 

BI2 

The next time I need to search and translate multilingual 

forum messages on this topic, I predict I would use the 

Dark Web Forum portal. 

BI3 

The next time I need to search and translate multilingual 

forum messages on this topic, I plan to use the Dark Web 

Forum portal.  

Effort 

Expectancy 

(0.928) 

EE1 
My interaction with the Dark Web Forum portal was clear 

and understandable. 

EE2 
It was easy for me to become skillful at using the Dark 

Web Forum portal. 

EE3 I found the Dark Web Forum portal easy to use. 

EE4 
Learning to operate the Dark Web Forum portal was easy 

for me. 

Facilitating 

Conditions 

(0.627*) 

FC1 
I have the resources necessary to use the Dark Web Forum 

portal. 

FC2 
I have the knowledge necessary to use the Dark Web 

Forum portal. 

FC3 
The Dark Web Forum portal is NOT compatible with other 

systems I use. 

FC4 
A specific person (or group) is available for assistance with 

system difficulties. 

Performance 

Expectancy 

(0.898) 

PE1 
I found the Dark Web Forum portal useful in doing my 

tasks. 

PE2 
Using the Dark Web Forum portal enabled me to 

accomplish tasks more quickly. 

PE3 
Using the Dark Web Forum portal increased my 

productivity. 

Social 

Influence 

(0.908) 

SI1 
People who influence my behavior think that I should use 

the Dark Web Forum portal. 

SI2 
People who are important to me think that I should use the 

Dark Web Forum portal. 

Note. *After the reliability test, FC3 and FC4 were dropped, and then the Cronbach's 

Alpha value has increased to 0.716. 
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4.6 Data Analyses and Results 

Following the original UTAUT study (Venkatesh et al. 2003), the indicators of 

behavioral intention (BI), effort expectancy (EE), Facilitating Conditions (FC), 

performance expectancy (PE), and Social Influence (SI) were modeled as reflective 

measures. However, the indicators of mental workload (MWL) and task-technology fit 

(TTF) were modeled as formative measures since each dimension of the indicators (5 

dimensions for MWL and 3 dimensions for TTF) contributed to one certain aspect of the 

corresponding latent construct. These indicators are causes, rather than caused by, their 

latent constructs (Chin 1998; Petter et al. 2007). For MWL and TTF, each construct has 

several dimensions and each dimension has several measurement items. To simplify the 

analysis and presentation, summated scales (standardized to 7-Likert scale) were used to 

measure each dimension, resulting in 5 summated scales for MWL and 3 for TTF (Au et 

al. 2008). 

 

4.6.1 Measurement Model Assessment  

Two streams of structural equation modeling (SEM) techniques can be used to 

measure causal models: covariance-based (e.g., SAS and LISREL) and component-based 

(e.g., SmartPLS and PLS-Graph) (Chin 1998). The proposed research model was tested 

using the partial least squares (PLS) method since PLS is a component-based method and 

therefore can handle both formative and reflective constructs (Chin 1998). Smart PLS 2.0 

(M3) beta (Ringle et al. 2005) was used to conduct the analyses. The covariance-based 



146 

 

methods were not appropriate for this study since by nature reflective indicators are not 

expected to have covariation within the same latent construct (Lee and Xia 2010).  

Reflective indicators and formative indicators require different approaches and 

criteria for validating reliability, convergent validity, and discriminant validity (Gefen et 

al. 2000; Petter et al. 2007). 

 

4.6.1.1 Reliability Test 

To test reliability, the weights (for formative items), loadings (for reflective 

items), and their t-values were calculated. Unlike reflective items (i.e., items caused by a 

latent construct), for formative items (i.e., items themselves causing a latent construct) 

only the weights rather than the loadings need to be considered in assessing the 

measurement model (Au et al. 2008; Chin 1998). For reflective items, the standardized 

item loadings should be above the commonly specified minimum value of 0.4 (Hair et al. 

1998) or a more stringent threshold of 0.7 (Au et al. 2008; Hair et al. 1998), and items 

should load more highly on their intended construct than on other constructs (Hair et al. 

1998). Table 4.5 lists the reliability test result for all constructs.  
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Table 4.5 Reliability test result  

Construct 
Cronbach's 

Alpha 
Item Weight Loading T-statistics 

MWL 
 

MDD 0.163    2.654* 

  
TDD (dropped) -0.052    0.780  

  
PD*** 0.527    8.876* 

  
ED 0.292    3.936* 

  
FLD 0.332    5.460* 

TTF 
 

DISF 0.364    5.132* 

  
SSF 0.387    6.581* 

  
MTSF 0.348    5.158* 

BI 0.948 BI1   0.944  82.720* 

  
BI2   0.964  145.741* 

  
BI3   0.947  122.238* 

EE 0.928 EE1   0.900  67.435* 

  
EE2   0.896  55.143* 

  
EE3   0.930  72.525* 

  
EE4   0.903  51.630* 

FC 0.627 FC1   0.819  23.099* 

 
(0.716**) FC2   0.873  46.342* 

  
FC3 (dropped)   0.514  8.439* 

  
FC4 (dropped)   0.420  4.863* 

PE 0.898 PE1   0.926  87.481* 

  
PE2   0.937  101.264* 

  
PE3   0.871  43.412* 

SI 0.908 SI1   0.965  85.720* 

    SI2   0.948  73.684* 

Note. * Significant at 0.01 level. ** Reliability after some items dropped. *** Reverse 

coding 

 

 

Except for TDD, the weights for the formative measures were statistically 

significant at the 0.01 level, indicating satisfactory item reliability (Au et al. 2008). TDD 

was dropped from later analyses. The loadings for all the constructs with reflective 

measures were well above the minimum value of 0.4 (Hair et al. 1998) and statistically 
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significant at the 0.01 level. Items FC3 and FC4 which did not pass the more stringent 

threshold of 0.7 (Au et al. 2008; Hair et al. 1998) were dropped. After that, the reliability 

for FC increased to 0.716, thus passing the 0.7 guideline.  

 

4.6.1.2 Internal Consistency and Validity of Reflective Indicators 

Table 4.6 shows the descriptive statistics, composite reliability, average variance 

extracted (AVE), and square root of the AVE, as well as the correlations between the 

reflective constructs. The composite reliability values of all of the constructs were above 

the recommended level of 0.70, indicating adequate internal consistency between items 

(Au et al. 2008; Bagozzi and Yi 1988; Hair et al. 1998). Convergent validity is 

demonstrated as the AVE values for all constructs were higher than the suggested 

threshold value of 0.50 (Fornell and Larcker 1981), which is the same as the requirement 

of the square root of AVE to be at least 0.707 (Gefen et al. 2000). Comparing the square 

root of the AVE with the correlations among the constructs indicates that each construct 

is more closely related to its own measures than to those of other constructs, and 

discriminant validity was therefore supported (Chin 1998). 
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Table 4.6 Internal Consistency and Validity test result 

Latent 

Construct 
Mean 

Standard 

Deviation 

Composite 

Reliability 
AVE BI EE FC PE SI MWL TTF 

BI 5.958  0.981  0.966  0.906  0.952            

EE 6.267  0.818  0.949  0.823  0.766  0.907          

FC 5.695  1.215  0.869  0.769  0.597  0.592  0.877        

PE 6.132  0.883  0.937  0.831  0.748  0.774  0.551  0.912      

SI 3.889  1.336  0.956  0.916  0.244  0.195  0.238  0.150  0.957    

MWL 2.634 0.898 N/A N/A -0.773 -0.774 -0.588 -0.716 -0.232 N/A  

TTF 6.464 0.829 N/A N/A 0.811 0.815 0.568 0.830 0.199 -0.758 N/A 

Notes: Diagonal elements in bold case are the square root of average variance extracted 

(AVE) by latent constructs from their indicators; off-diagonal elements are correlations 

among latent constructs. 

 

4.6.1.3 Variance Inflator Factor (VIF) Test for Formative Indicators  

Very high reliability can be undesirable for formative constructs because 

excessive multicollinearity among formative indicators can destabilize the model (Petter 

et al. 2007). Multicollinearity is a statistical phenomenon in which two or more predictor 

variables in a model are highly correlated. In this situation, the coefficient estimates may 

change erratically in response to small changes in the model or the data.  

To ensure that multicollinearity is not a significant issue, the VIF (variance 

inflator factor) statistic was assessed as shown in Table 4.7. If the VIF statistic is greater 

than 3.3, the conflicting item should be removed as long as the overall content validity of 

the construct measures is not compromised (Diamantopoulos and Siguaw 2006; Lee and 

Xia 2010). The traditional criteria of the threshold is 5 or 10 (Lee and Xia 2010), the 

value of 3.3 used in this study is more conservative. 
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Table 4.7 Descriptive statistics and VIF statistics for formative indicators  

Latent 

Construct 
Mean 

Standard 

Deviation 
Indicator Ri-Squared VIF 

MWL 2.634  0.898  

MDD 0.381  1.616  

PD* 0.414  1.707  

ED 0.468  1.878  

FLD 0.192  1.237  

TTF 6.464  0.829  

DISF 0.633  2.724  

SSF 0.594  2.465  

MTSF 0.693  3.253  

Notes: Items are mental demand dimension (MDD), time demand dimension (TDD), 

performance dimension (PD), effort dimension (ED), frustration level dimension (FLD), 

data integration support fit (DISF), search support fit (SSF), and multilingual translation 

support fit (MTSF). 

* To be consistent with other dimensions of MWL, reverse coding was used for PD. 

 

 

The VIF statistic for a formative indicator Xi was calculated by the following 

formula: 

    , where      is the coefficient of determination of the 

regression equation:             . As shown in Table 4.7, 

the results suggest that all indicators had VIF statistics lower than the most stringent 

threshold of 3.3. Therefore, the two formative constructs did not have the 

multicollinearity issue. 
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4.6.2 Structural Model Assessment and Hypothesis Testing  

Figure 4.4 shows the PLS testing results of the research model. As hypothesized, 

PE was positively correlated with BI, with a path coefficient of 0.352 and a significant t-

stats of 6.245 at the 0.001 level of significance. Thus, H1 was supported. The path from 

EE to BI was also positive and significant, with a path coefficient of 0.386 (t = 6.204) at 

the 0.001 level of significance. Therefore, H2 was supported. Both FC and SI positively 

influenced BI, with path coefficients of 0.156 (t = 3.268) at the 0.001 level of 

significance and 0.078 (t = 2.182) at the 0.05 level of significance, respectively. Thus, H3 

and H4 were supported. According to the path coefficients and t-stats, PE and EE were 

relatively more important indicators of BI, followed by FC and then SI. PE, EE, FC, and 

SI explained 67.1 percent of the variance of BI. 

 
Note. * Significant at 0.05 level. ** Significant at 0.001 level 
 

 

Figure 4.4 PLS testing results of the research model  
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 MWL was negatively correlated to PE, EE, and FC with path coefficients of -

0.202 (t = 3.560), -0.373 (t = 6.243), and -0.409 (t = 6.923) at the 0.001 level of 

significance, respectively. Thus, H5, H6 and H7 were supported. TTF was positively 

correlated to PE, EE, and FC with path coefficients of 0.675 (t = 13.399), 0.533 (t = 

9.959), and 0.247 (t = 3.517) at the 0.001 level of significance, respectively. Therefore, 

H8, H9 and H10 were supported. MWL and TTF explained 70.4 percent of the variance 

of PE, 72.5 percent of the variance of EE, and 38.2 percent of the variance of FC. MWL 

and TTF had greater predictive power to PE and EE than to FC.  

To assess whether or not common method bias was a significant issue, the marker 

variable technique was used (Lindell and Brandt 2000; Malhotra et al. 2006). In this 

study, SI was the post hoc marker variable since it has ―the smallest correlation among 

the manifest variables‖ (Lindell and Whitney 2001, p.115). The common method 

variance (CMV) adjusted correlation and the associated t-stats between variables were 

calculated as follows: 

                                                                  ,    

, where rA is an adjusted correlation value; rU is the original correlation value; rM is the 

smallest positive value in the correlation matrix, and n is the sample size. Using the 

adjusted correlation values, it was found that all significant relationships in the model 

remained significant. Thus, the present study is relatively robust against common method 

bias. 
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4.7 Contributions and Future Research Directions  

4.7.1 Research Contributions  

 This study bridges the design science and behavioral science paradigms in IS 

research by using theories to guide the design and development of an information system 

and then using system evaluation results to further validate and extend the theory. The 

study has contributions to both design science research and behavioral science research. 

 For design science research, this study provided a general system framework to 

develop a Web-based KMS for user-generated Web 2.0 social media data. Focusing on 

the characteristics (such as the vast amount of semi- and unstructured data, widely 

dispersed data sources, and multilingual issues) of the user-generated content, the 

framework was developed to better organize the data sources and to help users find the 

information they would want in a cognitively effective manner. The framework is general 

and can be adopted for various types of social media data for different domains. In 

addition, this study served as an exemplar of following design science guidelines, the 

building-and-evaluating cycle, and conducting technical research in IS. For a solid design 

science study, both technique development and evaluation are equally important. A 

methodologically sound evaluation is important to make sure the technique conveyed in a 

study is convincing and robust. Furthermore, the prototype system developed in this 

study following the proposed framework can be useful for security practitioners and 

researchers.  

  As to implications for behavioral science research, this study introduced MWL as 

an important factor for users’ intentions to use an IS. MWL is a very important multi-
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dimensional construct for assessing people’s perceptions associated with using a system 

or technique from the cognitive perspective. However, little attention has been paid to it 

in the IS field. Although some previous studies have utilized MWL to assess alternative 

system designs, most used an aggregated value to measure MWL instead of a set of 

systematically developed measurement items for each dimension. This study 

operationalized the latent construct of MWL and provided a set of survey-based 

measurement items for different dimensions of MWL which can be used for future 

research. Furthermore, no previous study examined MWL as a construct in a nomological 

network to investigate its causal relationships with other IS usage behavior constructs. 

This study examined the relationship among MWL, TTF and UTAUT. The results 

indicate that MWL is a significantly important determining factor of PE, EE, and FC; this 

aspect of MWL has not been examined before. The theoretical model proposed in this 

study can help us better understand the determinants of users’ intentions to use an IS. 

 

4.7.2 Practical Implications  

 The findings and insights of this research have significant practical implications 

for both system designers and managers. For designers, from the MWL perspective, 

trying to alleviate users’ mental burden when using a system can lead an increased 

intention to use the system. Specifically, for the system with a huge amount of widely 

stored multilingual data sources, a consistent user interface, unified data access, and 

automatic translation support imbedded in the system can help reducing the mental 

burden of users. According to TTF, when designing the functionality of a system, it is 
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better to systematically investigate the characteristics of the tasks that users are going to 

use the system to perform first, and then design different functions accordingly.   

 For managers adopting an IS, it is important to ensure that the MWL is reasonably 

low for employees when they are using the system to complete their jobs. The survey-

based measurement items developed in this study could be leveraged to examine the 

employees’ MWL levels. In addition, according to TTF, it is important to assess whether 

the functions provided by the new system are important, needed, or enough for 

employees to complete their tasks or work. As the proposed theoretical model suggested, 

if managers would like to ensure that employees have the intention of using and are 

willing to use the IS, they need to address the issues from the employees’ points of view 

by examining the mental burden imposed by using the IS, and the fit between the 

functionality provided by the IS and the tasks needing to be completed. By doing this, 

employees will have expectations of better performance, decreased effort, and a positive 

perception of the facilitating conditions, thus having more intention to continue their use 

of the system. 

 

4.7.3 Future Research Directions  

 MWL is a major construct that was systemically introduced in this study. Future 

research can examine how MWL changes over time with increased user familiarity. 

Some dimensions of MWL could be important at the initial use of an IS while others 

could be more important at the later stage of system usage. It is also important to 

investigate the differential impacts of MWL on system adoption by domain experts vs. 
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general (novice) users. In general, novice users might perceive a higher burden than 

domain experts when using a domain specific system. By understanding the specific 

differences in MWL, different system interfaces could be developed for domain experts 

and novice users to assure effective system use. Future research can also study the 

relative importance of the MWL dimensions for influencing adoption of different types of 

systems, such as systems for voluntary use vs. required use. It is important to know how 

MWL and system characteristics together influence people’s intention to use an IS. In 

addition, further research can further examine the relationships in the proposed 

theoretical model when moving from individual-focused system to team-based, or from 

physical use system to virtual environment. 
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CHAPTER 5. MULTILINGUAL SOCIAL MEDIA PORTAL EVALUATION USING THE 

IS SUCCESS MODEL 

 

5.1 Introduction 

 In Chapter 4, an integrated framework of Web-based KMS for user-generated 

content was developed by leveraging the theories of mental workload, task-technology, 

and the unified theory of acceptance and use of technology. A theoretical model was also 

proposed and tested to extend theory. To further evaluate the performance of the 

proposed Web-based KMS for user-generated content, in this chapter, a comprehensive 

evaluation based on various measurement dimension in the IS Success Model is 

conducted. 

 As discussed in Chapter 4, Web 2.0 has created a large amount of user-generated 

content from online social media such as forums, blogs, social-networking sites, etc. 

(Chen 2010). As a result, the volume of social media data has been growing 

exponentially. Such user-generated data contains valuable information about people’s 

ideas and opinions toward products, services or social/political issues. 

 However, certain characteristics of user-generated content make it difficult to 

analyze this type of data. One characteristic is that most of such content is 

unstructured/semi-structured and stored across various data sources. Typically, there is no 

standard format when users post information on various social media sites such as 

forums, blogs, or social networking sites. Compared with other formal online data 

sources such as news websites and scientific dataset sources, such unstructured/semi-
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structured user-generated content first needs to be organized before further analysis. 

When people search information in social media sites, even for one specific topic or 

event, they will find more than one site (often a lot of sites) providing related 

information. Therefore, to use multiple data sources, another issue is raised - the data 

organizing procedure developed for one particular social media site typically cannot be 

applied to another. Another characteristic is that much user-generated content is written 

in different languages. According to the latest statistics (updated in June 2010) of Internet 

users by language, 72.7% of Internet users are non-English speaking users 

(http://www.internetworldstats.com/stats7.htm). Providing effective mechanisms to deal 

with multilingual data sources is critical for searching and analyzing social media data. 

Because of these two characteristics, traditional data analytical tools may not be able to 

access social media data or present it in a usable format (Kawamura 2010). In addition, as 

the foundation for further data analytics, it is important to provide an automated, flexible 

way to access various social media sites in real-time, extract only the relevant content, 

and add structure to the data (Kawamura 2010). 

 In Chapter 4, an integrated framework of Web-based KMS for multilingual user-

generated content was developed. Three major functions were provided in the 

framework. They are Data Integration, Search Support, and Automatic Multilingual 

Translation Support. 

 To comprehensively evaluate the performance of the proposed Web-based KMS, 

two studies are conducted and presented in this chapter. The first study compared the 

performance of the system with that of a benchmark system in terms of effectiveness, 

http://www.internetworldstats.com/stats7.htm
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efficiency, information quality, system quality, user satisfaction, intention to use, 

individual benefit and social benefit. The proposed system performed significantly better 

in all dimensions. The second study systematically tested and validated the D&M IS 

Success Model in the social media context. The results showed that both information 

quality and system quality were significantly important factors to influence users’ 

intention to use and satisfaction, which in turn significantly influenced users’ perceptions 

of the individual benefit of using the system. 

 The remainder of this chapter is organized as follows. Section 5.2 provides the 

related literature and theoretical background. Section 5.3 lists the research questions of 

this study. Section 5.4 briefly summarizes the system functionality. Section 5.5 provides 

detailed information of the first system evaluation study with research hypotheses, 

research method and data analysis and results. Section 5.6 describes the second system 

evaluation study with research model, research method and data analysis and results. 

Section 5.7 summarizes this study and discusses future research directions. 

 

5.2 Related Literature and Theoretical Background 

 Web 2.0 has enabled the creation of a great deal of user-generated content which 

contains valuable information for various areas. The followings are some examples. 

 Business Intelligence 2.0: Companies try to identify ways to make profits by 

analyzing users’ online activities, opinions and feedbacks (Chen 2010; Kaplan 

and Haenlein 2010). 
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 Government 2.0: Decision and policy makers try to establish a real-time 

online interactions with citizens, businesses, and government agencies to 

further enhance the efficiency and effectiveness of the decision/policy making 

process (Chen 2009; Palvia and Sharma 2007). 

 Health 2.0: Doctors, patients, and scientists utilize social media sites to 

provide personalized health care, collaborate, and promote health education 

(Hughes et al. 2008). 

 

5.2.1 Data Integration Demand of Social Media Data 

 Most user-generated content is unstructured/semi-structured. Recently, it has been 

reported that 95% of the 1.2 zettabytes of data in the digital universe is unstructured, 70% 

of which is user-generated content from social media (Roberts 2011). Traditional data 

analytical tools may not be able to access the unstructured/semi-structured social media 

data or present it in a usable format (Kawamura 2010). Therefore, integrating social 

media data has become the biggest challenge (Kawamura 2010). An automated, flexible 

way to access various social media sites in real-time and to extract only the relevant 

content is in demand. 

 The goal of data integration of user-generated content is to enrich the 

unstructured/semi-structured data (e.g., online postings, comments, and conversations) by 

structuring them in a way that various types of information can be obtained - when it 

occurred, who said it, and what main points it conveyed (Kawamura 2010). Although 

different social media sites often have different styles, after data integration, a consistent 
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format can be obtained. Further data analytical tools can then be developed based on the 

consistent data format. 

 

5.2.2 Multilingual Issue of User-Generated Content 

 When the Internet was first created in 1969 as DARPANET, it was dominated in 

English (Crystal 2001). Nowadays, the World Wide Web contains information in more 

than 1,000 languages (Crystal 2001). Since 2000, there have been more non-English-

speaking users than English-speaking users on the Internet (Global Reach 2004). 

According to the latest statistics (updated in June 2010) of Internet user by language, 

72.7% of Internet users are non-English speaking users 

(http://www.internetworldstats.com/stats7.htm).  

 Since a lot of user-generated content was written in different languages, an 

automatic translation support would be important to assist people’s understanding of such 

multilingual content. Different methods have been explored to execute translation tasks 

(Abusalah et al. 2005; Zhou et al. 2008; Zhou et al. 2005), such as machine translation-

based approach, dictionary-based approach, and corpus-based approach.  

 The machine translation-based approach uses existing machine translation 

techniques to provide automatic translation (Abusalah et al. 2005, Zhou et al. 2005).  

Examples include Google Translation (http://translate.google.com/), Babel Fish 

(http://babelfish.altavista.com), and FreeTranslation.com 

(http://www.freetranslation.com).  

http://www.internetworldstats.com/stats7.htm
http://translate.google.com/
http://babelfish.altavista.com/
http://www.freetranslation.com/
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 In the dictionary-based approach, a bilingual dictionary is first constructed, and 

then a translation result is obtained by looking up a given term in the dictionary 

(Abusalah et al. 2005; Zhou et al. 2005). Depending on needs, the dictionary can be 

general or domain-specific.  

 The corpus-based approach analyzes a large collection of documents to construct 

a statistical translation model (Abusalah et al. 2005; Zhou et al. 2005). A corpus is a 

repository consisting of textual documents, paragraphs and sentences written in one or 

more natural languages. The advantage of the corpus-based approach is that there is no 

need to rely on manually created bilingual dictionaries. Thus, this approach is more 

suitable for newly emerging domains where dictionaries are not available. 

 

5.2.3 DeLone and McLean Model of IS Success 

 Theories have been developed and adopted to justify and explain phenomena 

surrounding the design, implementation, management, and use of information systems 

(Hevner et al. 2004). They can be leveraged to evaluate the performance of information 

systems. One of the most widely referenced approaches to assess the successfulness of 

information systems is the DeLone and McLean Model of IS Success (D&M IS Success 

Model: DeLone and McLean 1992; DeLone and McLean 2003). DeLone and McLean 

conducted an extensive review of the existing definitions of IS success and their 

corresponding measures, and classified them into six major categories: system quality, 

information quality, use, user satisfaction, individual impact, and organizational impact 

(DeLone and McLean 1992). Figure 5.1 shows the D&M IS Success Model. 
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Figure 5.1 D&M IS Success Model (DeLone and McLean 1992, p. 87)  

 

 Ten year after the publication of the original model, DeLone and McLean 

proposed an updated IS success model based on the results of many validation attempts 

(DeLone and McLean 2003). The updated model includes six interrelated dimensions of 

IS success: information quality, system quality, service quality, (intention to) use, user 

satisfaction, and net benefits. Compared to the original model, it adds the service quality 

dimension and combined individual impact and organizational impact into net benefits. 

Figure 5.2 shows the updated D&M IS Success Model. 
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Figure 5.2 The updated D&M IS Success Model (DeLone and McLean 2003, p. 24)  

 

 

 A major contribution of the D&M IS Success Model is that it provides a 

classification for all the evaluation measures that have been reported in the IS literature 

(Heo and Han 2003; Myers et al. 1997). It provides a general and comprehensive 

definition of IS success that covers different perspectives of evaluating information 

systems.  

 

5.2.4 Constructs in the D&M IS Success Model 

 Information quality measures the output of an information system (DeLone and 

McLean 1992). It relates to the specific qualities of information gathered by an 
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information system (Rai et al. 2002). Information quality is a very important aspect to 

measure the success of a social media based system because the two major issues (i.e., a 

great deal of unstructured/semi-structured data across various data sources and 

multilingual content) associated with this type of system are both related to the quality of 

the information that social media based systems provide. The unstructured/semi-

structured data needs to be better organized by structuring them in a way that relevant 

and important information can be extracted. To assist people’s understanding of the 

multilingual content, automatic translation support is needed for social media based 

systems. Rai et al. (2002) introduced a set of seven measurement items for information 

quality. In this study, I adapted these items to measure information quality of the 

proposed system framework. 

 System quality measures the information processing system itself (DeLone and 

McLean 1992). It relates to the specific qualities of the system itself (Rai et al. 2002). 

System quality is a very important design-based factor to measure social media systems. 

For example, data integration support is needed to provide integrated access to the 

unstructured/semi-structured user-generated data, obtain the most important information 

from such data, and adopt a consistent data representation format for different data 

sources. Improved integration support, which is essential to social media based systems, 

can significantly improve the performance of other system functions built upon it. To 

address the multilingual issue, an automatic translation function also needs to be 

embedded in the system to enable users to understand the multilingual content in a timely 

manner. Being considered as an important component of system quality, ease of use has 
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been utilized as the measure of system quality in previous research (Doll and Torkzadeh 

1998; Rai et al. 2002; Seddon and Kiew 1994). While information quality measures 

semantic success, systems quality measures technical success of an information system 

(DeLone and McLean 2003).  

 Intention to use refers to users’ intention to continue using an IS. User satisfaction 

measures a user’s attitude to an IS. I adapted items from Bhattacherjee (2001) to measure 

intention to use and user satisfaction. 

 Net benefit refers to the impact of using an information system. It can be at 

different levels: individual impact, organizational impact, and social impact. In this study, 

I adapted items from Wixom and Watson (2001) to measure individual benefit and items 

from Seddon (1997) to measure social benefit. 

 Service quality and (actual) use were not measured in this study because of the 

nature of the proposed system framework. Service quality aims to examine the success of 

an information system as a service provider (DeLone and McLean 2003). It is suggested 

that for studies focusing on the overall success of the IS department, service quality could 

be an important variable, while for studies focusing on individual information systems, 

information quality and system quality could be the most important quality components 

(DeLone and McLean 2003). In addition, the main goal of the proposed system 

framework is not to provide specific services. The proposed system framework was 

newly developed in this study, and hasn’t got actual usage experience. I therefore 

examined users’ perceived intention to use the system instead of actual usage behavior.  
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5.2.5 A Comprehensive Measure of System Quality – QUIS 

 Ease of use has been treated as an important component of system quality, and 

previous research used it as the measure of system quality (Doll and Torkzadeh 1998; Rai 

et al. 2002; Seddon and Kiew 1994). To obtain a more comprehensive assessment of 

system quality, I used the Questionnaire for User Interaction Satisfaction (QUIS) to 

measure system quality in this study. The QUIS was developed to measure software 

usability in a standard, reliable and valid way (Chin et al. 1988). It provides measurement 

items that focus exclusively on assessing users’ perceptions of their interactions with a 

computer system from various aspects (Chin et al. 1988; Harper et al. 1997). 

 After its initiation, the QUIS has been updated and several versions have been 

released. Currently, the newest version is the QUIS 7.0 (http://lap.umd.edu/quis/) which 

contains five major dimensions including: Overall Reactions to the System, Screen 

factors, Terminology and System Information, Learning Factors, and System Capabilities 

(Harper et al. 1997). The QUIS 7.0 also contains several optional dimensions, such as 

technical manuals, on-line tutorials, multimedia and teleconferencing, which can be used 

to assess computer systems with certain capabilities (Harper et al. 1997). The five core 

dimensions were used in this study to measure system quality which was modeled as a 

second-order construct. The optional dimensions were excluded because they are not 

suitable for the system framework proposed in this study. 

 

http://lap.umd.edu/quis/
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5.3 Research Questions 

 Several research gaps were identified from the discussions in the previous section. 

First, a systematic approach to integrate multilingual user-generated social media data is 

important and in demand. No previous research has developed an integrated framework 

to provide the access to multilingual, unstructured/semi-structured user-generated content 

from different social media data sources. To address this, an integrated framework of 

Web-based KMS for multilingual user-generated content has been developed (see 

Chapter 4). Second, no empirical study has been done to validate the D&M IS Success 

Model for social media system. Therefore, this chapter aims to systematically measure 

the performance of the proposed Web-based KMS for multilingual user-generated 

content based on the D&M IS Success Model, and further tested the model in the social 

media context. The research questions that this chapter seeks to address are: 

1. How to systematically measure the performance of the Web-based KMS for 

multilingual user-generated content by comparing with alternative ways of 

searching information in multilingual user-generated content? 

 

2. Does the D&M IS Success Model hold in the social media context? 

 

 

5.4 Summary of System Functionality  

 This section briefly summarizes the major functions of the Dark Web Forum 

Portal (DWFP). Detailed system development was described in Chapter 4 (see Section 

4.5.1). The system framework architecture was shown in Figure 4.2. 

 Data Integration: Spidering programs are developed to collect user-generated 

content from social media sites as HTML Web pages. When a social media site is first 
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added to the data collection, the complete spidering is applied to collect all available 

postings. Incremental spidering is adopted if the social media sites already exist in the 

data collection. Only postings generated after the last updating time will be collected. 

Parsing programs are then developed to extract the detailed information from the raw 

HTML Web pages and store it in a relational database. In this way, the 

unstructured/semi-structured data is organized into structured data.  

 Search Support: Keyword-based search support is developed for users to search 

and browse the detailed postings. Users can conduct search based on different data fields, 

such as poster name, posting date (time) range, posting title, and posting body. In 

addition to searching information in one particular social media site, the system also 

provides the capability for users to search information across all social media sites 

embedded in the system. 

Automatic Multilingual Translation Support: This function can automatically 

translate the returned searching results from non-English to English. When users search 

non-English data sources, the results will be returned in both the original language and 

English. In addition, the system allows users to express their search terms in English even 

when the data source is mainly in another language (e.g., Arabic). This function was 

implemented by using the machine translation-based approach. Specifically, Google 

Translation was used. Google Translation is one of the most popular machine translation 

tools (http://code.google.com/apis/ajaxlanguage/documentation/#Translation). The 

Google Translation Service provides translation functions for more than 80 languages. 
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Currently, the DWFP contains user-generated content from 29 important Web 

forums related to homeland security and selected by domain experts, with a total of 13 

million postings from 340 thousand participants. Among them, 17 are in Arabic, 7 in 

English, 3 in French and 2 in German and Russian.  

 

5.5 System Evaluation Study One 

The first system evaluation study compared the performance of the DWFP with 

that of a benchmark system. 

 

5.5.1 Benchmark System  

There is no existing system providing the same content or functionality as of the 

DWFP. I therefore used the original Web forum plus the web-based Google translation 

function (http://translate.google.com/) as the benchmark system. To make fair 

comparison, the original Web forum also needs to provide keyword-based search 

functionality which is similar as the search support provided in the DWFP. By consulting 

a couple of domain experts, they mentioned that without an aggregated system as the 

DWFP, using the search function provided in the original Web forum plus an online 

stand-alone translation function could be the best way they can leverage to search 

information in multilingual social media. 

To avoid potential bias with any single language, two benchmark systems for two 

different languages were used. One benchmark system is the Arabic Web forum 

http://translate.google.com/
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―Alokab,‖ and the other benchmark system is the English Web forum ―Islamic 

Awakening.‖ The Alokab (Islamic Awakening) data collection in the DWFP contains the 

same set of data as that of the original Web form ―Alokab‖ (―Islamic Awakening‖). In 

addition, both the DWFP and the two original forums provide keyword-based search 

functions. Since the embedded translation support in the DWFP was implemented using 

Google Translation API, to make a fair comparison, subjects were asked to use the web-

based Google translation function (http://translate.google.com/) when using the original 

Web forums to complete tasks. 

 

5.5.2 Hypotheses 

A set of hypotheses were developed. By providing consistent data format and user 

interface of system functionality across multiple data sources as well as integrating the 

automatic translation capability to the system, I expect that users would be more likely to 

complete multilingual search tasks successfully and faster when using the DWFP than 

using the benchmark system. Thus, I hypothesize: 

H1: Users achieve higher efficiency when using the DWFP than using the 

benchmark system. 

 

H2: Users achieve higher effectiveness when using the DWFP than using the 

benchmark system. 

 

With the system capabilities of data integration, search support, and automatic 

multilingual translation support, and some other helpful functions such as allowing users 

to use keywords in the target language to search information in forums in other languages 

http://translate.google.com/
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and the display of messages in both languages with the keywords in both languages 

highlighted, I expected that users would perceive higher information quality, system 

quality, usefulness and ease of use associated with the DWFP compared with the 

benchmark system. Therefore, I hypothesize: 

H3: Users perceive higher information quality of the DWFP than the benchmark 

system. 

 

H4: Users perceive higher system quality of the DWFP than the benchmark 

system. 

 

H5: Users perceive the DWFP to be easier to use than the benchmark system. 

 

H6: Users perceive the DWFP to be more useful than the benchmark system. 

 

Based on all the above dimensions, users could then perceive higher satisfaction 

and be more willing to use the DWFP than the benchmark system. Thus, I hypothesize: 

H7: Users perceive higher satisfaction of the DWFP than the benchmark system. 

 

H8: Users perceive higher intention to use the DWFP than the benchmark system. 

 

By addressing the issues of unstructured/semi-structured data and multilingual 

content associated with social media, users could perceive that the DWFP would provide 

higher benefit to them compared with the benchmark when searching and understanding 

user-generated content. Also considering the application domain, users could perceive the 

DWFP with higher social benefit. Therefore, I hypothesize: 

H9: Users perceive higher individual benefit of the DWFP than the benchmark 

system. 

 

H10: Users perceive higher social benefit of the DWFP than the benchmark 

system. 
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5.5.3 Experimental Design 

Repeated factor design was used. The system is the repeated factor at two levels: 

the DWFP and the original Web form plus Web-based Google translation function 

(http://translate.google.com/). Each subject used both the DWFP and a benchmark system 

to complete a set of tasks. For each subject, the order of the system usage was randomly 

assigned.  

 

5.5.4 Measurement Variables 

Both objective measures and users’ subjective measures were used. Objective 

measures include efficiency and effectiveness. Efficiency was measured as the amount of 

time a subject took to complete a task. Effectiveness was measured in terms of task 

performance accuracy, which refers to how well a system supports the user to complete a 

search task correctly. It is calculated as: accuracy = number of correctly answered parts / 

total number of parts.  

Users’ subjective measures were based on the constructs from the D&M IS 

Success Model (as discussed in Section 5.2.4). The same measures were also used in the 

second system evaluation study (Section 5.4). 

 

http://translate.google.com/
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5.5.5 Subjects 

Subjects were senior level students from a police university in Taiwan. After 

graduation, most of them either would become police officers or security analysts. They 

were the potential target users of the DWFP. Subject recruiting and data collection were 

conducted and provided by collaborator researchers from Taiwan. 

 

5.5.6 Tasks 

Four scenario-based tasks were designed with the assistance of several domain 

experts, two tasks for searching information from the ―Alokab‖ data collection and the 

other two for searching information from the ―Islamic Awakening‖ data collection. Each 

subject used one system (either the DWFP or the benchmark system) to complete the four 

tasks and then completed a questionnaire to provide their assessment of the system based 

on the measurement variables. They repeated these tasks using the other system and 

completed the questionnaire to assess the second system. The order of the tasks to be 

performed by each subject was randomized, thus mitigating the potential influences of 

task sequencing.  

 

5.5.7 Data Analysis and Results 

A total of 78 subjects participated in the study, 67 males and 11 females. The 

mother language of all subjects was Chinese. Both Arabic and English were foreign 

languages to them. To ensure the success of data collection, the experiment tasks were 
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provided to the subjects in Chinese. The measurement items in the questionnaire were 

also translated to Chinese. Back translation was conducted to make sure the quality of the 

translation.  Table 5.1 lists the aggregated subject information. On average, the subjects 

had experience of using computers for around 10 years. About half of them were trained 

to be police officers and the other half were trained to be security analysts. They had 

limited English reading and writing ability, and none of them could either read or write in 

Arabic. 

 

Table 5.1 Aggregated subject information  

Atrribute Subjects' Characteristics 

Gender Male: 67; Female: 11 

Age Mean: 25.01; Std dev: 6.67 

Years of using computer Mean: 9.86; Std dev: 3.16 

Training focus Being police officers: 41; Being security analysts: 37 

General computer skill
1
 Mean: 4.08; Std dev: 1.11 

English ability
2
 Mean: 3.85; Std dev: 1.25 

Arabic ability
2
 Mean: 1; Std dev: 0 

Note. 
1
Rating scale ranges from 1 to 7, with 1 being very unskilled and 7 being very 

skilled. 
2
Rating scale ranges from 1 to 7, with 1 being "can neither read nor write" and 7 

being "can read and write very fluently." 
 

 

Table 5.2 summarizes the mean and standard deviation values of all measurement 

dimensions. On average, a user needed 2.33 minutes to complete a multilingual search 

task when using the DWFP but spent 3.19 minutes when supported by the benchmark 

system. On average, a user achieved 61.86% accuracy when using the DWFP to complete 

multilingual search tasks but had 43.40% accuracy when using the benchmark system. 

For the subjective measurement dimensions, the average ratings toward the DWFP were 
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all above the midpoint (i.e., score of 4) of the 7-point Likert scale, ranging from 4.48 to 

4.86. The average ratings toward the benchmark system were all slightly below the 

midpoint, ranging from 3.20 to 3.83. 

 

Table 5.2 Descriptive statistics  

Measure DWFP 

Benchmark 

System 

  Mean Std dev Mean Std dev 

Efficiency 2.33  1.06  3.19 1.67 

Effectiveness 61.86% 28.34% 43.30% 25.77% 

Information Qulity 4.65  0.95  3.68  1.17  

System Quality - A. Overall Reactions to 

the System 
4.53  1.05  3.34  1.22  

System Quality - B. Screen 4.72  1.10  3.58  1.28  

System Quality - C. Terminology and 

System Information  
4.56  0.90  3.82  1.05  

System Quality - D. Learning  4.48  1.14  3.51  1.28  

System Quality - E. System Capabilities  4.79  0.74  3.83  1.09  

Ease of Use 4.79  1.20  3.37  1.42  

Usefulness 4.86  1.13  3.60  1.45  

Satisfaction 4.60  1.14  3.31  1.45  

Intention to Use 4.73  1.29  3.20  1.33  

Individual Benefit 4.62  1.22  3.31  1.45  

Social Benefit 4.85  1.11  3.74  1.46  

Note. Efficiency was measured in minutes. Effectiveness was measured by accuracy. 

Rating scale for the other measures ranges from 1 to 7, with 7 being the best. 

 

 

The hypothesis testing results are shown in Table 5.3. All hypotheses were 

significant (p-values < 0.0001). Users achieved significantly higher efficiency and 

accuracy when using the DWFP than using the benchmark system. Users perceived 

significantly higher information quality and system quality (in all five dimensions) of the 
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DWFP than the benchmark system. Users perceived the DWFP to be significantly easier 

to use and more useful than the benchmark system. Users perceived significantly higher 

satisfaction of and intention to use the DWFP than the benchmark system. Users 

perceived significantly higher individual benefit and social benefit of the DWFP than the 

benchmark system. 

Table 5.3 Hypothesis testing results  

Hypotheses Measure p-value Result 

H1 Efficiency <0.0001 Supported 

H2 Effectiveness <0.0001 Supported 

H3 Information Qulity <0.0001 Supported 

H4a 
System Quality - A. Overall Reactions 

to the System 
<0.0001 Supported 

H4b System Quality - B. Screen <0.0001 Supported 

H4c 
System Quality - C. Terminology and 

System Information  
<0.0001 Supported 

H4d System Quality - D. Learning  <0.0001 Supported 

H4e System Quality - E. System Capabilities  <0.0001 Supported 

H5 Ease of Use <0.0001 Supported 

H6 Usefulness <0.0001 Supported 

H7 Satisfaction <0.0001 Supported 

H8 Intention to Use <0.0001 Supported 

H9 Individual Benefit <0.0001 Supported 

H10 Social Benefit <0.0001 Supported 

Note. All supported at α=0.01. 
 

 

5.6 System Evaluation Study Two 

5.6.1 Research Model and Measures 

 The research model is based on the D&M IS Success Model (as shown in Figure 

5.3). Information quality and system quality are expected to influence user satisfaction, 

and they three will influence users’ intention to use. Both satisfaction and intention to use 
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will then influence users’ perceptions of the individual benefit and social benefit of the 

system. 

 

 
Figure 5.3 Research model  

 

 All data points (N=156) collected from the first evaluation study were used to test 

the research model. System quality was modeled as a formative second-order construct 

formed by the five dimensions of QUIS: QUISA (Overall Reactions to the System), 

QUISB (Screen Factors), QUISC (Terminology and System Information), QUISD 

(Learning Factors), and QUISE (System Capabilities). All the other constructs were 

modeled as first order constructs. According to the original measures (see descriptions in 

Section 5.2.4), all first order constructs (including the five dimensions of QUIS) were 

modeled as reflective constructs. 
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5.6.2 Reliability and Validity Tests 

 Table 5.4 shows the reliability test results of all first order reflective constructs. 

The loadings (except for IQ4) for all the constructs were above the minimum value of 0.4 

(Hair et al. 1998) and statistically significant at the 0.01 level. IQ4 was dropped for later 

analysis. QUISC5 which did not pass the more stringent threshold of 0.7 was also 

dropped (Au et al. 2008; Hair et al. 1998). The Cronbach's Alpha values for all the 

constructs were greater than the 0.7 guideline (Hair et al. 1998; Nunnally 1978).  

 

Table 5.4 Reliability test results  

Construct 
Cronbach's 

Alpha 
Item Loading T-stats 

QUISA 0.960  QUISA1 0.909  46.217 * 

    QUISA2 0.942  86.831 * 

    QUISA3 0.932  82.031 * 

    QUISA4 0.931  78.625 * 

    QUISA5 0.875  31.233 * 

    QUISA6 0.885  29.444 * 

QUISB 0.916  QUISB1 0.858  26.485 * 

    QUISB2 0.891  40.237 * 

    QUISB3 0.908  38.640 * 

    QUISB4 0.916  50.735 * 

QUISC 0.901  QUISC1 0.814  20.014 * 

  (0.907**) QUISC2 0.891  43.336 * 

    QUISC3 0.849  25.873 * 

    QUISC4 0.839  25.617 * 

    

QUISC5 

(dropped) 
0.682  9.171 * 

    QUISC6 0.831  28.696 * 

QUISD 0.943  QUISD1 0.879  40.814 * 

    QUISD2 0.875  33.889 * 

    QUISD3 0.923  74.408 * 

    QUISD4 0.892  35.891 * 

    QUISD5 0.840  23.173 * 

    QUISD6 0.878  38.160 * 
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QUISE 0.826  QUISE1 0.757  14.793 * 

    QUISE2 0.790  13.555 * 

    QUISE3 0.835  21.381 * 

    QUISE4 0.857  29.809 * 

IQ 0.893  IQ1 0.896  39.604 * 

  (0.939**) IQ2 0.910  42.168 * 

    IQ3 0.894  45.796 * 

    IQ4 (dropped) 0.115  0.804 

    IQ5 0.840  19.685 * 

    IQ6 0.859  30.486 * 

    IQ7 0.855  30.350 * 

IU 0.948  IU1 0.959  112.651 * 

    IU2 0.966  139.282 * 

    IU3 0.929  58.594 * 

SAT 0.967  SAT1 0.957  109.488 * 

    SAT2 0.947  91.718 * 

    SAT3 0.960  119.791 * 

    SAT4 0.951  100.368 * 

IB 0.966  IB1 0.955  75.428 * 

    IB2 0.974  178.038 * 

    IB3 0.972  174.841 * 

SB 0.938  SB1 0.941  76.761 * 

    SB2 0.951  90.757 * 

    SB3 0.937  62.017 * 

* Significant at 0.01 level. 

** Reliability after some items were dropped 

 

 

 Table 5.5 lists the validity test results of all first order reflective constructs. 

Composite reliability, average variance extracted (AVE), square root of the AVE, and the 

correlations between the reflective constructs were calculated.  
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Table 5.5 Validity test results  

Latent 
Construct 

Composite 
Reliability 

AVE IB IQ IU QUISA QUISB QUISC QUISD QUISE SAT SB 

 IB 0.978  0.936  0.967                                                                          

 IQ 0.952  0.767  0.787  0.876                                                                  

 IU 0.966  0.905  0.908  0.785  0.951                                                          

QUISA 0.968  0.833  0.815  0.840  0.815  0.913                                                  

QUISB 0.941  0.798  0.776  0.761  0.772  0.861  0.894                                          

QUISC 0.931  0.729  0.746  0.744  0.770  0.789  0.836  0.854                                  

QUISD 0.954  0.777  0.787  0.729  0.790  0.817  0.813  0.777  0.882                          

QUISE 0.884  0.657  0.692  0.641  0.727  0.706  0.707  0.778  0.767  0.811                  

SAT 0.976  0.910  0.860  0.810  0.877  0.868  0.801  0.770  0.831  0.736  0.954          

SB 0.960  0.889  0.752  0.652  0.754  0.687  0.666  0.669  0.607  0.596  0.686  0.943  

 

Notes: Diagonal elements in bold case are the square root of average variance extracted 

(AVE) by latent constructs from their indicators; off-diagonal elements are correlations 

among latent constructs. 

 

 

 The composite reliability values of all of the constructs were above the 

recommended level of 0.70, indicating adequate internal consistency between items (Au 

et al. 2008; Bagozzi and Yi 1988; Hair et al. 1998). Convergent validity is demonstrated 

as the AVE values for all constructs were higher than the suggested threshold value of 

0.50 (Fornell and Larcker 1981), which is the same as the requirement of the square root 

of AVE to be at least 0.707 (Gefen et al. 2000). Comparing the square root of the AVE 

with the correlations among the constructs indicates that each construct is more closely 

related to its own measures than to those of other constructs, and discriminant validity 

was therefore supported (Chin 1998). 
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5.6.3 Model Testing Results 

 Figure 5.4 shows the results of the formative second-order model of system 

quality. The impacts of all five first-order constructs (i.e., QUISA, QUISB, QUISC, 

QUISD, and QUISE) on system quality were significant.  

 

 
Note. Numbers are in the format of coefficient (t-stat) 

** Significant at 0.01 level. 
 

 

Figure 5.4 Second-order construct result  

 

 

 Figure 5.5 shows the research model testing results. Except for the relationship 

between satisfaction and social benefit, all the causal relationships in the model were 

significant. The R-squared values are high, indicating that the model accounts for most of 

the variation in the dependent variables. IQ, SQ, and SAT explained 80.1 percent of the 

variance of IU. IQ and SQ explained 80.8 percent of the variance of SAT. IU and SAT 

explained 84.2 percent of the variance of IB. IU and SAT explained 57.1 percent of the 

variance of SB. The study empirically validated the D&M IS Success Modal in the social 

media context.  

System 

Quality 
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0.176**(20.346) 
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* Significant at 0.05 level 

** Significant at 0.01 level 
 

Figure 5.5 Research model testing results  

 

 To access whether or not potential common method bias was a significant issue 

(Malhotra et al. 2006), I used the marker variable technique (Lindell and Brandt 2000; 

Malhotra et al. 2006). Fashion consciousness (FC), which refers to the importance that 

one attaches to being fashionably dressed, was chosen as a marker variable. FC is not 

supposed to relate to the phenomena under investigation. It has been used as the marker 

variable to assess TAM (Lumpkin and Darden 1982; Wells and Tigert 1971). Using the 

adjusted correlation values based FC, I found that all significant relationships in the 

model remained significant. Thus, this study is relatively robust against common method 

bias.  
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5.7 Contributions and Future Research Directions 

5.7.1 Research Contributions 

A large amount of unstructured/semi-structured data sources and multilingual 

content are major issues associated with user-generated social media data. To address 

these issues, an integrated framework of Web-based KMS for multilingual user-generated 

content was developed. The framework enables an integrated access to various 

unstructured/semi-structured social media data sources by embedding three major 

capabilities: data integration, search support, and automatic multilingual translation 

support. The system framework is generic and can be applied to different domains. Based 

on the proposed framework, a prototype system, the DWFP, was built. This prototype 

system can be useful for security practitioners and researchers. 

In this study, two evaluation studies were conducted to assess the performance of 

the proposed system framework. The involved subjects were from the domain area of the 

prototype system. They are the potential users of the system. Therefore, compared with 

using general subjects, the results of the evaluation studies could be more focused and 

convincing. The first study systematically compared the DWFP with the benchmark 

system based on a wide range of measures related to various aspects of IS adoption and 

success. The test results showed that users achieved significantly higher efficiency and 

effectiveness, and perceived significantly higher information quality, system quality, ease 

of use, usefulness, satisfaction, intention to use, and individual and social benefits when 

using the DWFP. This demonstrated the advancement of the proposed system framework. 
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The second study systematically tested and validated the D&M IS Success model 

in the social media context. The D&M IS Success model is treated as the most 

comprehensive model for assessing the success of an information system. This is the first 

study to test the model in the context of social media. The results showed that most of the 

causal paths in the model were significant. This suggests that the model also holds in the 

social media context at large.  

In addition, different from previous research on validating the D&M IS Success 

model, system quality was modeled as a second-order formative construct in this study in 

order to obtain a comprehensive assessment of it from various related aspects including 

users’ overall reactions to the system (e.g., frustrating/satisfying, dull/stimulating, and 

rigid/flexibly), screen factors (e.g., fonts, highlights, information organization and 

sequence), terminology and system information (e.g., consistent use of terms, hint and 

error messages), learning factors (e.g., straight-forward use of system features and help 

messages), and system capabilities (e.g., speed, reliability, and error-correction 

capability). 

 

5.7.2 Implications for Developing Social Media Systems and Applications 

 As emphasized in this study, data integration is a critical issue for social media 

systems and applications. Organizing the user-generated content from different sources 

and providing a consistent data format is very important and can highly improve the 

performance of other system functions based on using such data. The data integration 

process could be very time-consuming since different social media sites have different 
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formats and most information posted by users is free-style. Individual data processing 

procedure may need to be developed for each data source. Information retrieval and text 

mining techniques can also be applied to identify the related and important information 

(e.g., when it occurred, who said it, and what main points it conveyed) from the 

unstructured/semi-structured content. In addition, user-generated content in a social 

media site often increases rapidly. To obtain the data and integrate it in the system in a 

timely manner, incremental spidering can be used. That is to only collect data generated 

after the last updating time if the data source already exists in the system’s data 

collection. 

 Another key capability needed for the social media systems and applications is the 

automatic translation support. With such support, it will be much easier for users to 

understand the information provided by a system. This function may not be designed as a 

stand-alone function but to be embedded in other functions such as search, data analysis, 

and visualization. The results of those functions can be displayed to end users in both the 

target language and the original language at the same time. For example, the search 

results returned by the DWFP are displayed in both Chinese and the original language. In 

this way, users can understand the search results and have a general feeling about the 

original messages as well. 

 Two system design related factors, information quality and system quality, were 

measured in the evaluation studies. The analysis results showed the importance of these 

two factors in determining the success of a social media system. Users’ subjective 

evaluation results also indicated the effectiveness of the design of the proposed system 
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framework in terms of information quality and system quality (see Table 5.3). 

Information quality examines the preciseness (IQ1), exactness (IQ2), sufficiency (IQ3), 

accuracy (IQ5), and helpfulness (IQ7) of the information provided in a social media 

system; whether the system has errors (IQ4); and the system’s output options such as 

fonts and page sizes (IQ6). Except for IQ4, subjects perceived all the other dimensions as 

significant indicators of information quality (see Table 5.4). Therefore, when developing 

social media systems and applications, obtaining precise, exact, sufficient, accurate, and 

helpful data is critical. This again emphasizes data cleaning and data integration for social 

media based systems and applications. A clear display of such data to end users is also 

important. 

 The comprehensive measure of system quality provides some insights for future 

social media system development. The testing results of the second-order system quality 

construct showed the significant importance of all five dimensions (see Figure 5.4). 

When developing social media systems, developers need to keep in mind to provide a 

better screen display for the huge amount of data sources. Factors as fonts, highlights, 

organization of information and data fields, and sequence of screens all need to be 

carefully designed. Since different users may use different terms even when talking about 

the same thing, consolidating and providing a consistent terminology is also important for 

social media systems. Trying to reduce users learning effort of using system features is 

important as well. If the system contains multiple data sources, providing a consistent 

display of similar functions for different data sources can help ease users’ learning 

process. In addition, providing help messages is also helpful to improve their learning. 
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Other system capabilities such as system speed, reliability, and error-correction capability 

(e.g., prompting error messages) can also help improve the system quality of social media 

systems. With a huge amount of user-generated content as data sources, improving speed 

and reliability are the keys to the success of social media systems and applications. 

 

5.7.3 Future Research Directions 

This study has some limitations that can be addressed in future research. First, the 

current system framework focuses on providing efficient and effective access to user-

generated social media data in order to address the two issues of unstructured/semi-

structured data sources and multilingual content. However, other key characteristics of 

social media data are also important and need to be incorporated into the system 

functionality design. For example, users leverage social media sites to communicate with 

others by sharing information and exchanging opinions. Thus, social network analysis 

can be used to examine their interactions. In addition to search and translation functions, 

future research needs to incorporate social network analysis functionality into the system. 

Another key characteristic of social media is user-generated multimedia data. People can 

post pictures online and record and post audio and video files. All these types of files 

contain rich information about aspects of people and their opinions and behaviors. 

However, the current system framework focuses only on textual based user-generated 

content. Future research needs to incorporate other multimedia data sources such as 

sounds, pictures, and videos. In addition, future research can also incorporate other 

analysis functions, such as sentiment analysis, automatic summarization, and user 
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interactive visualization functions, into the system. Another limitation is the use of QUIS 

7.0 to measure the social media based system. QUIS 7.0 was created before the advent of 

Web 2.0. Thus, the measurement items it provides are about general computer systems 

instead of social media based systems. Although wording changes were made to make the 

items appropriate to the context of this study, these items may not be able to cover all the 

important aspects of social media based systems. Using QUIS 7.0 as a starting point, 

future research needs to develop measurement items that are specific to social media 

based systems. Furthermore, this study measured two system design related factors, 

information quality and system quality. Future research can explore other factors that 

could influence people’s adoption and use of Web-based KMS, and examine their 

relationships with the constructs of the D&M IS Success Model. 
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CHAPTER 6. CONCLUSIONS AND FUTURE DIRECTIONS  

 

6.1 Contributions 

With the rapid increase in information availability, it is nearly impossible to stay 

current with advances in knowledge. The overarching question that my dissertation seeks 

to address is how to design Web-based knowledge management systems (KMS) to 

alleviate this problem by providing search and analysis support for individuals to access 

and understand the accumulated knowledge in an effective and efficient way. 

Specifically, designing and implementing consistent representation of heterogeneous 

data, enabling efficient and user-friendly search support, and supporting advanced user-

interactive analysis and visualization are important issues to address. In my dissertation, 

various knowledge mapping and system development techniques are used to address 

those issues. Three different Web-based KMS are built based using different types of data 

sources. Such systems aim to support decision making and can be important for 

researchers, practitioners, business investors, and policy makers. Certain IS and cognitive 

theories are leveraged to guide the design and evaluation of various Web-based KMS. In 

addition, the analysis results further validate and extend theory. Thus, my dissertation 

bridges the design-science paradigm and the behavioral-science paradigm in the 

Information Systems (IS) research.  

The Web-based KMS developed in Chapter 2 is to monitor and analyze scientific 

literature. Based on the system framework, a prototype system, Arizona Literature 

Mapper, is developed to help understand the research status of the bioterrorism area. This 
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study has made several contributions. First, monitoring global bioterrorism research is 

becoming increasingly critical for biodefense and national security but has received little 

investigative attention. Thus, the proposed Web-based KMS can have great importance to 

governments and research communities. Second, as a contribution to the design science 

research in IS, an innovative IT artifact, the Web-based KMS for scientific literature, is 

created. The system framework contains several advanced analysis functions developed 

using knowledge mapping techniques. These functions enable real-time, user interactive 

support of bibliographic, co-authorship, and topic trend analyses, which can help users to 

gain an overall understanding of the research and development status of a particular 

domain. Additionally, Arizona Literature Mapper can enhance user literature search 

performance and satisfaction. Two user studies are conducted. One study focuses on the 

search function of Arizona Literature Mapper and examines its effectiveness, efficiency, 

usefulness, ease of use, user satisfaction and intention for future use as compared with 

those of a benchmark system. The results demonstrate that Arizona Literature Mapper is 

more effective, more efficient, easier to use and more useful than the benchmark system. 

In addition, users are more satisfied with the system and have positive intentions toward 

using it. The second study examines Arizona Literature Mapper’s analysis functions 

using individuals’ evaluations of these functions’ usefulness and ease of use as well as 

their satisfaction and intention to use these functions in the near future. The results 

support positive user satisfaction and favorable intentions to use Arizona Literature 

Mapper.  
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Chapter 3 proposes an integrated framework of the Web-based KMS for 

searching and analyzing scientific documents across multiple data sources. As a 

contribution to design science research in IS, a new system framework that integrates 

various search functions as well as advanced analysis functions, and incorporates various 

scientific document sources is created. Specifically, the development of Nano Mapper 

has made several contributions by addressing the challenges facing knowledge mapping. 

First, although previous research has developed some advanced algorithms for 

knowledge mapping support, few studies, if any, implement Web-based systems for 

interactive search and analysis support. To address this, Nano Mapper is developed to 

incorporate different search and analysis functions by utilizing appropriate text mining, 

social network, and information visualization techniques. The advanced analysis 

functions allow users to perform statistical analyses, citation network analysis, and 

(topic) content analyses against its document corpus. Hence, researchers and practitioners 

can use Nano Mapper to complete their search tasks, acquire holistic understanding of the 

collective body of nanotechnology, and develop comprehensive views of its research, 

developments, intellectual property landscape, and trends at different levels of 

aggregation. In addition, this study expands the document sources by including patent 

documents from major patent offices in the world as well as documents regarding the 

NSF-funded projects.  

To build Nano Mapper, a theory-guided design approach is taken. Specifically, 

cognitive fit theory (Vessey 1991) and cognitive load theory (Sweller 1988) are leveraged 

to inform the system design and implementation. The results of the user evaluation 
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indicate that Nano Mapper’s search functions are easier to use and more useful than the 

benchmark systems.  Further, users of Nano Mapper are more satisfied with the system, 

intend to use it in the future, and complete their search tasks faster and more accurately 

than users of the benchmark systems. In addition, the results demonstrate that users view 

the analysis functions favorably. Together, these results indicate that the underlying 

knowledge mapping algorithms provide valuable results and the system interface makes 

Nano Mapper accessible to the users.  

Chapter 4 develops a Web-based KMS to manage user-generated multilingual 

social media content. Different from traditional media, social media contains a vast 

amount of rich information about individuals’ opinions and ideas in different languages. 

Thus, the Web-based system involves a much larger volume of unstructured/semi-

structured multilingual content from various data sources. Mental workload (MWL), 

task-technology fit (TTF), and UTAUT theories are used to guide the development of the 

system, and a new theoretical model is proposed to extend theory. This study 

contributions to both the design science and behavioral science paradigms in IS research. 

The contribution of this study to design science research is the development of the IT 

artifact, i.e., the system framework of Web-based KMS for user-generated multilingual 

social media data. The system addresses several major issues associated with user-

generated content, such as the vast amount of semi-structured and unstructured data, 

widely dispersed data sources, and multilingual content. By using incremental spidering 

and parsing techniques, the semi-structured and unstructured data across multiple data 

sources were collected and stored in a database. Consistent database design and user 
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interface design were adopted for different data sources. The system enables users to 

search information either within a particular data collection or across all data sources 

embedded in the system. A machine translation based approach was used to implement 

the multilingual translation function. The searching results can be automatically 

translated into different languages. The system also enables users to express the search 

terms in a language (e.g., English) that is different from the original language (e.g., 

Arabic) of a given data collection. The search results will then display both the messages 

in the original language and the translated messages; the search terms in both languages 

will be highlighted. Hence, the system can help users find the information they want and 

understand the multilingual content in a cognitively effective manner. In addition, this 

study serves as an exemplar of following design science guidelines, the building-and-

evaluating cycle, and conducting technical research in IS. For a solid design science 

study, both technique development and evaluation are equally important. A 

methodologically sound evaluation is important to make sure the technique conveyed in a 

study is convincing and robust. Furthermore, the prototype system developed, the Dark 

Web Forum Portal (DWFP), can be useful for security practitioners and researchers.  

As to contribution for behavioral science research, this study introduces MWL as 

an important factor for users’ intentions to use an IS. MWL is a very important multi-

dimensional construct for assessing people’s perceptions associated with using a system 

or technique from the cognitive perspective. However, little attention has been paid to it 

in the IS field. Although some previous studies have utilized MWL to assess alternative 

system designs, most used an aggregated value to measure MWL instead of a set of 
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systematically developed measurement items for each dimension. This study 

operationalizes the latent construct of MWL and provided a set of survey-based 

measurement items for different dimensions of MWL which can be used for future 

research. Furthermore, no previous study has examined MWL as a construct in a 

nomological network to investigate its causal relationships with other IS usage behavior 

constructs. This study examines the relationship among MWL, TTF and UTAUT. The 

proposed theoretical model can help us better understand the determinants of users’ 

intentions to use an IS. 

In Chapter 5, two evaluation studies are conducted to comprehensively evaluate 

the performance of the Dark Web Forum Portal (DWFP). Coming from the domain area, 

the involved subjects are the potential users of the DWFP. Therefore, compared with 

using general subjects, the results of the evaluation studies are more focused and 

convincing. The first study systematically compares the DWFP with the benchmark 

system based on a wide range of measures related to various aspects of IS adoption and 

success. The test results show that users achieve significantly higher efficiency and 

effectiveness, and perceive significantly higher information quality, system quality, ease 

of use, usefulness, satisfaction, intention to use, and individual and social benefits when 

using the DWFP. This demonstrates the advancement of the proposed system framework. 

The second study systematically tests and validates the D&M IS Success model in the 

social media context. The D&M IS Success model is treated as the most comprehensive 

model for assessing the success of an information system. This is the first study to test the 

model in the context of social media. The results show that both information quality and 
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system quality are significantly important factors to influence users’ intention to use and 

satisfaction, which in turn significantly influence users’ perceptions of the individual 

benefit of using the system. This suggests that the model also holds in the social media 

context at large. In addition, different from previous research on validating the D&M IS 

Success model, system quality is modeled as a second-order formative construct in this 

study in order to obtain a comprehensive assessment of it from various related aspects 

including users’ overall reactions to the system (e.g., frustrating/satisfying, 

dull/stimulating, and rigid/flexibly), screen factors (e.g., fonts, highlights, information 

organization and sequence), terminology and system information (e.g., consistent use of 

terms, hint and error messages), learning factors (e.g., straight-forward use of system 

features and help messages), and system capabilities (e.g., speed, reliability, and error-

correction capability). 

Overall, the research studies in my dissertation contribute to the literature on 

system development, knowledge mapping, technology acceptance and adoption, and 

human cognition and decision making. 

 

6.2 Relevance to Management Information Systems Research 

In information systems (IS) research, design science and behavioral science are 

two important paradigms. The design science paradigm ―seeks to create innovations that 

define the ideas, practices, technical capabilities, and products through which the 

analysis, design, implementation, management, and use of information systems can be 

effectively and efficiently accomplished‖ (Hevner et al. 2004, p. 76), while the behavioral 
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science paradigm ―seeks to develop and justify theories (i.e., principles and laws) that 

explain or predict organizational and human phenomena surrounding the analysis, design, 

implementation, management, and use of information systems‖ (Hevner et al. 2004, p. 

76). Although they are distinct paradigms involving different methodologies, they are 

complementary and can influence each other (Gregor 2006). Behavioral science theories 

can provide guidance to the design of the functionality of information systems and the 

use experience of these systems can provide insights, thus leading to the correction of 

current theories or the creation of new theories.  

Following this line, my dissertation leverages the two paradigms by using theories 

to guide the design of various Web-based KMS and, in turn, using the Web-based KMS 

to validate and extend theory. As mentioned by Gregor (2006), design science and 

behavioral science are strongly interrelated – ―knowledge of people and information 

technology capabilities informs the design and development of new information system 

artifacts‖ (p. 629). Specifically, the research studies in my dissertation focus on using 

knowledge mapping and system development techniques to develop Web-based KMS 

and leveraging certain IS theories and cognitive theories to guide the design and 

evaluation of these systems. The system evaluation results are then used to validate and 

extend theory. 

The knowledge mapping and system development techniques used in my 

dissertation include co-authorship and citation network analysis, content analysis, 

information visualization, and Web interface design. These are techniques used in the 

design science research. Theories leveraged in my dissertation include Cognitive Load  
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Theory (Sweller 1988), Mental Workload (Hancock and Meshkati 1988), Cognitive Fit 

Theory (Vessey 1991), Task-Technology Fit (Goodhue and Thompson 1995), the Unified 

Theory of Acceptance and Use of Technology (UTAUT: Venkatesh et al. 2003), D&M 

IS Success Model (DeLone and McLean 1992; DeLone and McLean 2003). These 

theories are related to the behavioral science research. 

Overall, my dissertation takes a bridging approach which leverages theories to 

guide the design and implementation of Web-based KMS and then using the user 

evaluation results to further validate and extend theory.  

 

6.3 Future Research Directions 

Various Web-based KMS have been developed in my dissertation using 

knowledge mapping techniques. As technology users increase in sophistication and 

expectations, developing interactive applications with visual representation of data will 

become more and more important. Therefore, the need to develop new techniques to 

facilitate searching/analyzing different types of data sources is increasing. Further work 

should develop and incorporate new information retrieval and visualization tools with 

more dynamic user-interactive features and higher information representation ability. For 

example, instead of using the two-dimensional table and chart displays, future research 

can examine additional temporal components to the analysis functions of the systems and 

incorporate the ability to visualize the results as three-dimensional displays with 

animations to provide users more dynamic and continuous presentations of the data 

analysis results. 
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Thus, in future research, with new data analysis and visualization tools developed 

and incorporated in Web-based KMS, function specific measures of system quality needs 

to be adopted. Also, in addition to information quality and system quality, future research 

can explore other system design based factors that could influence people’s adoption and 

use of Web-based KMS, and examine their relationships with existing IS adoption related 

theories. 

 As an important construct that can influence people’s usage behavioral of 

information systems, mental workload (MWL) is systematically examined in my 

dissertation (see Chapter 4). Future research can further investigate how it changes over 

time with increased user familiarity. Some dimensions of MWL could be important at the 

initial use of an IS while others could be more important at the later stage of system 

usage. It is also important to investigate the relative importance of the MWL dimensions 

for influencing adoption of different types of information systems, such as voluntary use 

system vs. required use system, individual-focused system vs. team-based system, or 

physical use system to virtual environment.  

 In addition to mental workload, it is also important to know how other aspects of 

human cognition can influence people’s usage behavior of IS. To measure human 

cognition, psycho-physiological measures can be adopted. Based on the changes of 

psycho-physiological signals such as pupillary responses, eye movements, heart rate 

(HR), and electroencephalogram (EEG or brainwave levels), psycho-physiological 

measures can achieve more objective results than the rating scale based subjective 

measures.  
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6.4 Conclusion 

 Various types of data sources such as scientific publications, patents and social 

media sites are available on the Internet; they have provided a large amount of 

information. To better support users’ search and understanding of such information, 

different Web-based KMS were developed in my dissertation. By bridging the design 

science and behavioral science paradigms in IS research, my dissertation leverages 

certain IS and cognitive theories to guide the design and evaluation of the Web-based 

KMS, utilizing knowledge mapping and Web development techniques to create the 

systems, and using the system evaluation results to validate and extend theory.  
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APPENDIX A. APPROVAL LETTER FROM THE UNIVERSITY HUMAN SUBJECT 

COMMITTEE ABOUT THE ARIZONA LITERATURE MAPPER EVALUATION 

(CHAPTER 2) 
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APPENDIX B. APPROVAL LETTER FROM THE UNIVERSITY HUMAN SUBJECT 

COMMITTEE ABOUT THE NANO MAPPER EVALUATION (CHAPTER 3) 
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APPENDIX C. APPROVAL LETTER FROM THE UNIVERSITY HUMAN SUBJECT 

COMMITTEE ABOUT THE DARK WEB FORUM PORTAL EVALUATION 

(CHAPTER 4) 

 
 

Note. For Chapter 5, subject recruiting and data collection were conducted and provided 

by collaborator researchers from Taiwan. 
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