Building the Missing Link: 
A Conceptual Model of the Use of Digital Libraries and a New Type of User Study


abstract
This paper proposes a general conceptual model for the use of digital libraries based on relevant research in information retrieval, information seeking and foraging, and activity based design theory. The authors reveal the “missing link problem” existing in current digital library design practices in which a digital library is unconnected from its targeted user community.  Accordingly they promote a new type of user study to address the problem. They argue that for a specific digital library, this new type of user study needs to be conducted before any design endeavor takes place. A multi-method research agenda is proposed and design implications are detailed.

1. Introduction
Many digital libraries have been developed over the past decade (Borgman, 2002), and the investment in designing digital libraries (DLs) in Europe and the United States including the National Science Digital Library (NSDL) and the Digital Library Initiative (DLI-I and DLI-2) has been significant (Fox & Urs, 2002). However, many existing digital libraries are not being used in the manner that they were originally intended.  Consider the following three scenarios of digital library uses:
(1) 
An analysis of the log files from the NASA digital library indicates that a large number of users access NASA publications not through the NASA Digital Library interface, but through general search engines like Yahoo, Altavista, and Lycos. The abstracts and reports in the digital library are indexable by crawlers and spiders, and the users formulate complex queries to search through those search engines instead of accessing the collections through the digital library’s interface (Maly et al., 1999). 
G
(2) oogle has become a substitute for specific-purpose digital libraries, like INSPEC (http://www.iee.org/Publish/INSPEC/).  Even though limited to open sources, Google is more up-to-date and broader in context. The indexed sources are good enough and the documents are always downloadable (Arms, 2000).
(3) A web log analysis of the portal of NSDL (http://www.nsdl.org) shows that most users of NSDL are insiders (researchers and developers who are studying and building NSDL) and outliers (researchers, evaluators and educators who are remotely related with the development of NSDL). There are very few real users (users who are outside of the development community) who accessed the NSDL portal with the purpose of finding answers for science, engineering, mathematics, and technology-related questions (Pan, 2003a). 

These examples indicate that a thorough understanding of the real uses of digital library resources is needed. Many digital library design practices still adhere to the “Build-it-and-they-will-come” philosophy originating from the information technology hype. With increasing online information sources, the users have more and more choices even for a single information task. As illustrated above, the users can find a piece of information either through search engines such as Google or through a digital library interface. The substitution effect of different information sources is not well-considered in the design process of digital libraries. User studies of most digital libraries were targeted at specific interfaces without considering the rich information environment the users are situated in and the myriad competing information sources surrounding them 
(Bollen & Luce, 2002; Borgman, 1986; Computer Science and Telecommunications Board, 1998; Marchionini, 1992). On the other hand, some information seeking and information search literature is theoretical in nature and not able to provide any direct design guidance (Kuhlthau, 1991; Wilson, 1997). 
Two limitations in the current research on digital libraries may contribute to the gap between the design of a digital library and its actual accesses.  First, as Fox and Urs (2002) pointed out, digital library research is in desperate need of theoretical models. Without a proper theoretical model covering a broad context of information resource uses, our understanding of the real use of digital information sources is limited, and the design of digital libraries continue to follow the “Build-it-and-they-will-come” philosophy.  
Second, there has been much confusion regarding the definitions of Digital Library and what types of functions a digital library should include (Borgman, 2000; Fox et al., 1995). According to Fox et al. (1995), Digital Libraries may be conceptualized as the computerization of traditional libraries, new ways to carry out functions of traditional libraries, or new types of community-based organizations and institutions (Borgman, 2000; Lucier, 1995). Different definitions reflect confusions in the understanding of the users and contribute to the difficulties and limitations of research on digital libraries.
In this paper, a holistic view of digital libraries from the user’s perspective is employed. Digital libraries are viewed as different levels of collections of digital information pieces a user has access to: from general search engines like Google and Yahoo, special purpose search engines like CiteSeer (http://citeseer.com/), to specific collections or databases like the ACM Digital Library (http://www.acm.org/dl/). The whole web space could be viewed as a vast digital library and so could be a special collection of documents. These different levels of digital collections form different levels of information clusters (Pirolli & Card, 1999). Taking this perspective of digital libraries and based on existing theories on information retrieval, information seeking and foraging, and activity based design theory, this research develops a general conceptual model of the use of digital libraries in order to identify the missing link between a digital library and its targeted user community. In this research, a new type of user study is promoted taking into consideration a digital library users’  mental models regarding different information sources, and how different conditions, tasks, and scenarios impact the users’ mental models and when, why and how different digital libraries are actually used. By couching information seeking behavior in a connectionist view of the information environment, the new type of user study will provide direct guidance on how to better create a digital library in terms of interface design as well as how to position a digital library to provide more appropriate contents, collections, and functions. It has more predictive power to inform future development of digital libraries.

2. 
Theoretical Foundations

Relevant research in information retrieval, information search and foraging, and activity based design theory have revealed a complex relationship between users and their information environment. This section reviews pertinent research which informs the conceptualization of the use of digital libraries.
2.1 Information Retrieval, Information Foraging, and User’s Mental Models
Research in Information Retrieval (IR) has a long tradition in clarifying how people use electronic systems to access information. However, traditional IR studies are limited because the user’s cognitive states are excluded from the model. Recently, Information Retrieval research has shifted from a physical paradigm to a cognitive paradigm, and includes various contexts and user’s individual differences which are beyond the system itself (Jacob & Shaw, 1998). A cognitive perspective of information retrieval argues that “any processing of information, whether perceptual or symbolic, is mediated by a system of categories or concepts which, for the information-processing device, are a model of his world.” (de Mey, 1977, pp. xvi-xvii). This line of research has included works on cognitive models (Barker, 1998; Barker et al., 1998; Ellis, 1989; Kuhlthau, 1991), social constructionist view of knowledge production (Tuominen et al., 2002), user perceptions and attitudes (Belkin & Vickery, 1985; Applegate,1993; Davis, 1993), affect (Dalrymple & Zweizig, 1992), and self-efficacy (Nahl, 1996).
Information foraging theory provides a useful metaphor in explaining user’s information seeking behavior (Pirolli & Card, 1999). Information searchers seek and organize information in clusters in order to minimize inter-cluster information search cost. Information clusters can be in physical forms (such as a stack of books on the desk) or digital (such as a web site containing algebra tutorials). Information searchers use proximal cues to identify important information for further exploration or consumption. The concept of “information scent” is a construct used to address how information seekers identify valuable information from the “snippets” of proximal cues (Chi et al., 2001). On the Web, those proximal cues are represented by link anchors. 
A user’s mental model, as a general construct that represents individual differences and various layers of context of an information task, is used extensively in information search and seeking literature to explain various information search behaviors.  In Saracevic’s (1991) discussion on individual differences he states that “differences in human decisions have a large impact, if not THE predominate impact, on how IR systems perform” (Saracevic, 1991, p. 85). In almost every facet of the IR process, individual differences play a role in the outcome variables (Borgman, 1989; Saracevic & Kantor, 1988; McCain, 1989; Smithson, 1994). The user’s mental model represents individual differences that include cognitive (metaphors, prior experience, domain knowledge, and perceptions of usefulness and ease of use), social (motivation, relative interests, and information need), and demographic (gender, age, cultural backgrounds, and education) variables.  Each one of these variables contributes to the experience and outcome of every information search endeavor.  Furthermore, mental models are not static but dynamic according to different tasks and scenarios during information search process (Holland et al., 1986; Pan, 2003b). User’s mental models are not only useful in  explaining the different information sources the users choose for a specific information task under a certain context and scenario, but also determining the navigation and information search behavior inside an information source.
2.2 
The Theory of Activity Centered Design
Activity based design theory, which incorporates multiple contexts and scenarios in the use of computers, is an approach that  describes the interaction between the users and the tools that supports the goals of the interaction. 
Activity theory, as an extension to traditional Human-Computer Interaction theories, argues that the use, design, and evaluation of technologies are socially co-constructed and mediated by human communication and interaction. The interaction between a person and mediating tools should be positioned within a larger space of motives, community, rules, history, culture, and other aspects of context (Gay & Hembrooke, in press). Activity theory is a holistic approach that integrates multiple levels of analysis on diverse and multi-dimensional activities and various contextual features of computer-mediated communicative practice into a coherent model of human-computer interaction (Nardi, 1996; Engström et al., 1999). 
Accordingly, in investigating the use of digital libraries, it’s essential to explore and understand the tasks, scenarios and contexts in which the information seeking is happening. Research in information seeking (Borgman, 2000), information needs, and the use of the Internet, confirms that the task situations and individual variables, including demographic variables, cognitive styles, and computer experience levels, can all influence users’ information seeking experience (Hsieh-Yee, 2001). 
Based on activity based design theory, this research proposes that a digital library user is situated in a layered system of context that includes a micro system, a meso system, and a macro system (Bronfenbrenner, 1979; Gay & Hembrooke, in press). The micro system includes the user’s individual characteristics (domain knowledge and information search experience, skills and expertise).   The meso system refers to tasks and scenarios, and the macro system represents a community a user belongs to. These three levels of context all influence the use of digital libraries or electronic resources in different ways, and they all need to be taken into consideration when designing digital libraries for a specific user community. A user’s mental model, as an intermediate construct, reflects these three layers of contexts of an information search task and determines the outcome and experience of every information search and seeking effort.
These design and theoretical underpinnings have contributed to a shift in the way we have begun to conceptualize the problems associated with digital libraries and the ways to address them.  The following is an introduction to a new model of digital library use from a user’s perspective.

3. A Conceptual Model of the Use of Digital Library



A user’s information environment is rich and diverse. Such diversity requires a user to access and organize information in clusters in order to reduce his or her cognitive load and inter-cluster information search cost (Pirolli & Card, 1999). Information sources are actually information clusters at various levels
. A user has access to many information clusters, for example, general search engines such as Google, special purpose search engines such as CiteSeer, or a university library web site. The choice of one specific type of information cluster is determined by many variables as discussed before, for example, a specific community a user belongs to, the tasks and scenarios related to the information search endeavor, the user’s individual preferences and experience with certain information clusters, and perceived cost and benefit of accessing different information clusters (Ratchford et al., 2001). For example, Google.com is a popular information cluster for the indexed web space because its strong capability in retrieving authoritative results is well-accepted among its users (Brin & Page, 1998). All these variables are represented by a user’s mental model regarding his or her view on different information clusters. When faced with an information need, the user will evaluate different information clusters and make a decision to choose one for further information search.  
Information clusters may have different levels. Figure 1 illustrates the relationship between a digital library and a user’s information environment. In Figure 1, the dots on the bottom represent basic information nodes, for example, a piece of information about when a particular specie of dinosaur lived.  Those pieces of information are inter-connected in different ways in a hypertext environment. The second level of dots (dots C, D, E, F, and G) are the most basic level of information clusters, which are contained in web sites, stacks of books, or a part of another individual’s knowledge base. Furthermore, these levels of clusters may be further aggregated into higher levels of information clusters. For example, a general search engine such as Google for accessing multiple web sites and a reading room where several stacks of books are co-located are all higher level of information clusters.
_________________________________________

(Insert FIGURE 1) 


A digital library is an information cluster with the added value of structure and order (Levy, 1995). Information cluster G in Figure 1 represents a digital library interface, for example, the National Science Digital Library (NSDL) portal. It contains a structured collection of information nodes. If an information search task arises and a user happens to know this information cluster (e.g. NSDL) and the user considers NSDL as a appropriate information cluster for the task, the user can take the most direct route to access a piece of information in NSDL by typing in the web address in a web browser. In Figure 1, the user takes the route from the user directly to interface G. Next he or she searches and navigates to a specific information piece inside NSDL.org. However, after a digital library is built, many (if not most) users may not know its existence; therefore, there is no linkage between his or her frequently-accessed information access clusters and the digital library interface (in Figure 1, there is no linkage connecting the user, node A, or node B to G).  Often, the indexing of search engines (such as Google) will make the resource available when a user searches information online using one of those search engines. This is the breakdown illustrated by the NASA digital library scenario as discussed in the Introduction section, in which the users took a more circuitous and costly route to access a piece of information.

The discussion above shows that there are two access steps related with the use of digital libraries: a user needs to search and navigate through his or her information space in order to reach a digital library interface; the user also needs to search and navigate through the digital library to reach a specific piece of information. Previous usability testing and evaluation have focused primarily on the second part of the problem which is related to interface design and information architecture, e.g. information access inside a digital library, but not the link between a digital library interface and its users. This research proposes that the first one is closely related with the mental models of its targeted users, which represent the three layers of contexts, including the user’s community and culture, cognitive style, skill and expertise of using the Internet and digital libraries as information clusters. 
To build the missing link between a digital library interface and its targeted users is similar to the introduction of a new product into a consumer market. The goal is to promote the new information cluster to its targeted users among its well-established competing information clusters the users are already familiar with. In marketing research literature, it is well-accepted that market orientation is essential to the success of a new product besides organizational factors and technical factors (Cooper, 1979; Cooper, 1983; Ernst, 2002). According to Kohli and Jaworski (1990), marketing orientation is “the organizationwide generation of market intelligence pertaining to current and future customer needs, dissemination of intelligence across departments, and organizationwide responsiveness to it” (Kohli & Jaworski, 1990, p. 6). In order to make new products successful, firms need to use market information to improve their understanding of marketplace in order to meet the needs and wants of customers (Ernst, 2002). Similarly, in order to design a successful digital library, we need to understand the “marketplace” of information clusters and also the targeted users’ information needs and information search behaviors. The marketplace is composed of those existing information clusters in the users’ information environment. We need to discover the users’ commonly used information clusters and their mental models of different information clusters under different tasks and scenarios. A user study is essential to understand the utilities of those information clusters in satisfying various users’ information needs and accordingly position the new digital library in this marketplace. 
Most evaluation efforts of digital libraries are post-hoc in nature and targeted at the uses of a specific interface (Thong et al., 2002) with a few exceptions in which the developers tried to engage the users in the process of the development of a digital library (Morse, 2002). The authors suggest that different from post-hoc evaluations and usability testing that are traditionally conducted after a digital library is built, a new type of user study should be conducted prior to the design endeavor. Under the umbrella of layered contexts of digital library use, the following section describes a research agenda of a new type of user study aimed at exploring the users’ mental models regarding various digital information clusters. The goal is to understand the tasks, contexts, and scenarios of different digital information cluster uses and their utilities, and provide appropriate design and marketing strategies for the new digital library we intend to design.





4.  A Research Agenda for a New Type of User Study
This section outlines a two-phase user study with multiple methods of investigation. Phase I is a combination of qualitative and quantitative study on profiling a user community’s various information clusters in their information environment, and investigating the general user mental models for these information clusters in terms of their suitability for various tasks and scenarios and their perceived costs and benefits.  Phase II outlines a lab experiment aimed at identifying  dynamic information seeking behavior and how a user’s mental model changes during the information search process that determines different information cluster uses. 
In other words, the first study will provide a static snapshot of a general user mental model of their information environment.  The second study will specifically explore the users’ dynamic mental models under typical tasks and scenarios when they search for information. The combination of the two phases of study will present a highly resolute picture of users’ mental models of various information clusters and provide direct guidance for designing successful digital libraries. 
4.1 Profiling the Information Environment and Exploring General Mental Models:  Phase I
The  objective of Phase I is to capture a general mental model of a targeted user community regarding different information clusters, and identify the contexts and scenarios under which a digital library’s target user community seeks information from various information clusters or digital library systems. By identifying patterns within the targeted user groups for choosing a particular system and not another, results from Phase I will indicate what the users information environment looks like and how a user considers the cost and benefit of different information clusters under different context and scenarios. This first type of study can address the following questions regarding a general mental model of a targeted user community:
(1) What are the typical tasks and scenarios under which different digital libraries are used for information search?
(2) 
For the targeted user community, what types of information clusters are used contingent upon certain tasks and scenarios?
(3) What’s the perceived cost and benefit for accessing different information clusters in the user community’s information environment?
(4) 
Is the perceived “lacking” of the other systems a design issue, a collections issue, a usability issue?
(5) 





How might other user variables, such as system experience, search experience, domain expertise, and gender, influence these conceptions? 



4.1.1 Methods

To address the aforementioned questions, two stages of research are proposed in Phase I. In the first stage a few users from the targeted user community are randomly sampled, and interviews are conducted regarding their frequently accessed information clusters and the perceived benefits and costs of various information clusters under different tasks, contexts, and scenarios, including educational settings and everyday life. Following a semi-structured format, the interview protocol will progress from global open-ended questions to increasingly specific questions based on previously given answers.  Furthermore a concept mapping technique (Trochim, 2002) can be used to assess how different user groups rate the suitability of different IR systems for different information needs
.  
The second stage entails surveying a large sample of randomly selected users regarding the information clusters identified from the interviews in stage one. The number of participants can be based on the size of the targeted user community and the relative complexity of the users’ information environment. Measurements regarding perceived costs and benefits of frequently used information clusters under different contexts, tasks, and scenarios identified from Phase I could be developed in the survey. The survey also captures users’ demographic variables, such as gender, education backgrounds, professions or majors, computer and Internet use experience, and domain knowledge. The relationship between these variables and the user’s mental models can then be explored.

4.1.2 Data Analysis

The interviews in the first stage of can be analyzed using semantic network analysis that results in a visual representation of the underlying structure of the users’ semantic mental models.  CATPAC (Woelfel, 1997) can be employed for the analysis of these interviews to generate perceptual maps.  In the visualization of these data multi-dimensional scaling method (MDS) can be used, in which different information clusters and the users’ various tasks and scenarios are represented spatially, such that their relationships are revealed visually in geometrical relations.  For concept mapping, 
cluster analysis can be used to visualize clusters or groupings that pictorially represent the group’s thinking related to information behavior in different contexts, how the digital information clusters relate to one another, which digital libraries are more important or relevant to the task at hand, and the degree of overlap between different digital information clusters. 
 Survey results from stage two can first be analyzed to identify general trends regarding the frequency of uses under different task conditions. Furthermore, correlation and regression analyses can be used to explore the relationship between different demographic, skill and experience, and domain knowledge variables with different types of mental models on different information clusters.

In summary, Phase I explores the general mental model of a user community regarding their frequently accessed information clusters under typical tasks and scenarios, and different utilities (costs and benefits) of different information clusters associated with those typical scenarios and tasks . 
4.2 Investigating Information Search Behavior and the Dynamic Mental Models of Users: Phase II
The primary goal of Phase II is to capture the dynamic mental models of users under typical tasks and scenarios identified in Phase I. Their information seeking experience in those tasks will reveal the deficiencies and limitations of existing digital information clusters as well as their advantages and limitations that contribute to the users’ unsatisfactory or satisfactory information search experience. The results will provide insights to developers on how to appropriately position the new digital library in the whole information environment of its intended audience. Specifically, the questions that can be addressed in Phase II include the following:

(1) Which information clusters did the subjects use under various information tasks and scenarios? 

(2) When did the subjects change to a new information cluster and what are the underlying reasons (frustration, fatigue, or confusion)?

(3) What are the advantages and limitations of current information clusters in completing the tasks at hand?

(4) What are the major determinants of satisfactory or unsatisfactory information search experience?

(5) What can be learned from all the questions above in order to design a new and useful digital library to complement the current user’s information environment?





4.2.1 Methods
Figure 2 outlines the three stages of data collection for Phase II.
_________________________________________

(Insert FIGURE 2) 

From the typical tasks and scenarios identified in Phase I, 





 subjects can be randomly selected from the targeted user community and instructed to perform the typical information search tasks using the Internet in a lab setting. The user’s mental model, information search behavior and their experience (confusion, frustration, and satisfaction) can be captured using multiple methods and analyzed through triangulation of different data sources.

In order to capture each information seeker’s individual characteristics (domain knowledge, the experience with different information clusters, and basic demographic information), interviews can be conducted prior to the information search experiment. 

The objective of this interview is to measure the semantic mental models of the information seeker prior to his or her information seeking. Their semantic mental models represent their search tasks, background knowledge, and their understanding of the information space (Hsieh-Yee, 2001). 
After the interview, the subjects are asked to perform several typical tasks identified from the research results of Phase I.  

The objectives of this experiment are to explore information seeking as a goal-oriented activity, and investigate the information seeking process as the interaction between the information seeker and the information space which is composed of various information clusters. The 

think aloud protocol can be used to explore information processing (Van Waes, 2000; Eveland & Dunwoody, 2000). The think aloud protocol has been advocated by Ericsson and Simon (1993) and has been widely used in usability testing of computer products (Rubin, 1994). When a subject is carrying out the information search task, he or she is asked to verbalize his or her thoughts, feelings, and opinions. Capturing the subject’s verbalization results in a better understanding of the information processing during information seeking (Eveland & Dunwoody, 2000; Wang et al., 2000). 
In combination with the think aloud protocol, search and navigation behaviors can be captured using process-tracing method (Wang, Hawk & Tenopir, 2000). An online screen capture program (such as Camtasia, see http://www.techsmith.com/), can be used to record everything happening on the screen including the add-on sound effects of mouse clicking and keyboard activities. An Internet monitoring software (such as iOpus Starr, see http://www.iopus.com/) can be used to record web pages visited, timestamps, keystrokes, and computer programs used. Finally, a video camcorder can be used to capture the facial expressions and large scale behavior of participants, for example, writing down information on a piece of paper and printing out web pages from the printer.




The post-experiment interview can include an assessment of two aspects of satisfaction: process satisfaction, which measures satisfaction toward the process of information seeking, and outcome satisfaction, which assesses directly how the participants feel about the outcome of the information seeking (de Bruijin & de Vreede, 1999). 

Next the subjects can go through his or her online information seeking process with the tester by watching the information search movie produced in the exercise. The objectives of this interview are to identify: (1) switches of information clusters and the underlying reasons; (2) errors, mistakes and frustrations the user had during the information search process. The interview will provide insights regarding the deficiencies and limitations of existing digital information clusters during the information search process. 
4.2.2 
Data Analysis 


The interviews from Phase II can be analyzed using CATPAC in order to extract the initial mental models of different subjects regarding their tasks and images of different digital information clusters. 


The four kinds of data generated from the experiment, including clickstreams, transcribed verbal protocols, screen-capture movies, and artifacts from the information seeking process (for example, a piece of paper used by the subjects to write down and organize information), can be triangulated and used to generate a general information seeking protocol illustrated in Table 1.  The verbalizations of the subjects reflect their dynamic mental models regarding different information clusters. Furthermore, similar to the methods used by Hodkinson, Kiel, and McColl-Kennedy (2000), map analysis plots search sequences into directed graphs in order to distinguish different episodes during the search process.  For every click in the information seeking process, the clicked link anchors or text around it represent the focus of the information seekers’ mental model. Thus they are used to represent the semantics of their information seeking behavior. Following generated link anchors, a directed graph could be developed to represent the user’s navigation behavior in the information space (See Figure 3) (Pan, 2003b). From the graph, the user’s information seeking behavior, including various information sources they visited and their switches between different information clusters on the Web, can be visualized. From generated graphs for all the subjects, major themes will emerge helping to illuminate the dynamic mental models of the users, and usability problems of different information clusters which affect the user’s satisfactory information search experience.
With these methods, the dynamic mental models of the users and the limitations and advantages of current information clusters for the information search tasks can be identified. Furthermore, the determinants of satisfactory or unsatisfactory information search experience could be explored. The questions of when and why a user switches to a new website or another information cluster can be addressed through the subjects’ verbalization. 
_________________________________________

(Insert TABLE 1) 
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(Insert FIGURE 3) 
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Design Implications and Future Research

The conceptual framework and research agenda proposed above is a new way to view an old problem of usability of digital libraries. It also provides new insights on the design of digital libraries and future research in digital libraries. The following paragraphs detail the design implications and future research directions.

5.1 


Implications for Digital Library Design

The methodology proposed here will provide the blocks for building the missing link between a digital library interface and its targeted user community. From the two phases of user studies, we can understand not only a general user mental model of various information clusters in their information environment and their advantages and limitations, but also the dynamic information search behavior related to these information clusters, and the reason why one information cluster is abandoned and another one is chosen. A more resolute picture of the “marketplace” of the users’ various information clusters and the users’ dynamic use behavior as “information consumers” can be illuminated. With real information seeking behavior, the developer and the researchers of digital libraries will understand the determining factors which contribute to the dynamic information cluster selections. For example, under what conditions will the user change the information cluster because of frustration and difficulties encountered? Under what conditions will the user modify their expectation of various information clusters and try to learn its functions even though it is not user-friendly? Thus in designing a digital library, we can understand the competing or complementary information clusters the digital library will face; accordingly we can position and design a digital library with clearer goals and focus. Before undertaking any design endeavor, developers need to ask themselves, how should we position our digital library in the information environment of targeted user community? How should we market our digital library in order to build the information access clusters in the users’ mental model? 
Through the triangulation of multiple sources of data, the research proposed here develops a profile of the information environment of a user community and depicts a more highly resolute picture of an important intermediate construct, users’ mental models, to explain the decision making process involved in information cluster choices and information seeking behavior on the Internet.  The mental models could be used to appropriately position a new digital library and its functions. 
Specifically, the study proposed here would provide the following design implications and guidelines:

(1) Finding the “niche market” of the digital library which includes collections and functions not available through existing information clusters in the target users’ information environment. In other words, the information gathered from the proposed study will inform developers of digital library on how to best position the target digital library in the whole information environment surrounding the users;

(2) Marketing the target digital library in the users’ frequently used information clusters in order to build a directed link from the users’ mental models to the library;

(3) From identified determinants of satisfactory information search experience, designing the digital library with the key satisfying elements in other digital libraries or information clusters;
(4) Designing not only individualized interfaces but also customized interfaces for certain tasks and scenarios identified from the user studies.
5.2 Future Research

Focusing on the targeted user communities of various digital libraries, we propose a type of user study which employs multiple methods and triangulated data to explore the missing link between a digital library and its targeted user community. Users’ general mental models and dynamic mental models during their information process can be drafted by profiling a user community’s information environment and exploring the dynamic information search behavior under typical tasks and scenarios. To validate the conceptual model proposed here, systematic investigation of these methods with actual digital library design practices is needed. Furthermore, research on the adoptions of various digital libraries will further clarify the determining factors of successful digital library design. The results of such future research would corroborate the logic for the user study proposed here and provide new insights in the design of useful digital libraries. 
Digital resources and their uses both evolve as a process of co-construction (Gay & Hembrooke, in press). Thus a longitudinal study on the evolutionary relationship between users’ behavior and their information environment is a promising direction. Based on existing Internet archiving endeavors such as Internet Archive (Kahle, 1997) that capture past digital resources, such efforts would be feasible and fruitful. These future research efforts could further our understanding of the uses of technologies in science and education, and provide the appropriate direction for future digital library development. 
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FIGURE 1. An illustration of the missing link between a user and a digital library.
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FIGURE 2. Research procedure in Phase II study.
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FIGURE 3. General information seeking graph.

TABLE 1. General information search protocol.
	Time Spent
	Timestamp
	Web Address/

Software Used
	Behavior
	Verbalization
	Link Anchors/

Search Terms
	Interpretation

	0:00:03
	20:15:42
	www.msn.com
	Click Link
	Go back to use Internet Explorer,
	---
	Start IE.

	0:00:09
	20:15:45
	www.google.com
	Type In
	I'll go to google… to see what I find there.
	Physics Digital Library
	Type search terms in Google

	0:00:15
	20:15:54
	www.nsdl.org
	Click Link
	All right, so we're here. Just looking around to see what's on here. National Science Digital Library catches my eye.
	National Science Digital Library
	Click on digital libraries.org

	0:00:05
	20:16:09
	www.nsdl.org/SpecialzedPortals
	Click Link
	Specialized Portals… I’ll try that…
	Specialized Portals
	Click on Specialized Portals.

	0:00:11
	20:16:14
	www.nsdl.org/SpecialzedPortals/Pictures
	Click Link
	This looks nice. I like them.
	Science Pictures
	Scan information and click on Science Pictures.

	0:00:31
	20:16:25
	www.nsdl.org/SpecialzedPortals/Pictures/Einstein
	Click Link
	All right, Einstein! Oh, I’ll make time to download that.
	Einstein
	Click on Einstein picture link.



























































�  “Information clusters” will be used in the rest of this paper instead of “information sourceinformation sourcess” even though information cluster may have a broader connotation than information source. 


� Basically concept mapping is a structured process “involving input from one or more participants, that produces an interpretable pictorial view (concept map) of their ideas and concepts and how these are interrelated” (see Trochim, 2002 for a detailed description of concept mapping technique).  
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