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Abstract

Searching for information pervades a wide spectrum ofhuman activity, including

learning and problem solving. With recent changes in the amount of information

available and the variety of means of retrieval, there is even more need to understand why

sorne searchers are more successful than others. This study was undertaken to advance

our understanding of expertise in seeking information on the Web by identifying

strategies and attributes that will increase the chance ofa successful search on the Web.

A model that illustrated the relationship between strategies and attributes and a successful

search was also created. The strategies were: Evaluation, Navigation, Affect,

Metacognition, Cognition, and Prior knowledge. Attributes included Age, Sex, Years of

experience, Computer knowledge, and Info-seeking knowledge. Success was defined as

finding a target topic within 30 minutes. Participants were from three groups. Novices

were 10 undergraduate pre-service teachers who were trained in pedagogy but not

specifically in information seeking. Intermediates were nine fmal-year master's students

who had received training on how to search but typically had not put heir knowledge into

extensive practice. Experts were 10 highly experienced professionallibrarians working in

a variety of settings inc1uding govemment, industry, and university. Participants' verbal

protocols were transcribed verbatim into a text file and coded. These codes, along with

Internet temporary files, a background questionnaire, and a post-task interview were the

sources of the data. Since the variable of interest was the time to finding the topic, in

addition to ANGVA and Pearson correlation, survival analysis was used to explore the

data. The most significant differencesin patterns of search between novices and experts

were found in the Cognitive, Metacognitive, and Prior Knowledge strategies. Based on

the fitted survival model, Typing Keyword, Criteria to evaluate sites, and Information­

Seeking Knowledge were associated with timely success of the search.
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Résumé

La recherche de l'information couvre un large spectre d'activité humaine, y compris la

resolution de problème et l'apprentissage. Avec les changements récents dans la quantité

d'information disponible et la variété de moyens de recherche, il y a même plus de besoin

pour comprendre pourquoi quelque rechercheurs ont plus de succès que d'autres. Cette

étude a été entrepris pour avancer notre compréhension d'expertise dans la recherche

d'information sur l'internet en identifiant les stratégies et attributs qui augmentera la

probabilité de la recherche sur l'internet avec sucees. Un modèle qui a illustré le rapport

entre stratégies, attributs et une recherche avec sucees, a été créé. Les stratégies étaient:

Evaluation, Navigation, Affecte, Metacognition, Cognition, et Connaissance Précédent.

Les Attributs inclus age, sexe, années d'expérience, connaissance d'ordinateur, et

connaissance de la recherche d'information. Le succès a été défini en trouvant un sujet de

cible dans 30 minutes. Les participants étaient de trois groupes. Les novices étaient 10

étudiants d'enseignement de pré-service non-diplômé qui ont été entraîné dans la

pedagogie mais pas en particulier dans la recherche d'information. Les intermediates était

neuf étudiants dans l'année finale de leurs maitrise qui avait reçu l'entraînement sur la

recherche d'information mais n'avait pas typiquement mis leurs connaissances en

pratique. Les Experts étaient 10 bibliothécaires professionnel travaillant dans une

assortiment de montages y compris gouvernement, industrie, et Université. Les

protocoles verbaux des participants ont été transmit dans un fichier texte et encodé. Les

sources des données etaient ces codes, avec les fichiers d'internet temporaire, un

questionnaire des éléments de base, et un entrevue poste-tâche. Puisque la variable

d'intérêt était le temps à trouver le sujet, en plus de la ANOVA et corrélation de Pearson,

"survival analysis" a été utilisée pour explorer les données. Les différences les plus

significatives dans les modèles de recherche entre novices et experts étaient trouvé dans

les stratégies cognitives, metacognitives, et connaissance précédent. Basé sur le model

"fitted survival," Taper le mot-Clé, les Critères pour évaluer les sites, et Connaissance de

la recherche d'information ont été associé avec le succès opportun de la recherche.
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Chapter 1: Introduction and Literature Review

Information is difficult to discuss in isolation from the storage and retrieval

systems that provide access for its users. Although searching for information is nothing

new, the systems that process and organize it have recently gone through tremendous

changes. Over the past century, many technologies such as telephone, television, cars,

airplanes, and computers have been developed that have changed how we live and how

we work. What is significantly different about new technologies is the exponential rather

than linear effect ofmerging single technologies, where not only is there a greater impact,

but perhaps also a different kind of effect on the society. As Cartwright (1982) had

predicted, we not only do things differently but also do different things. For example, the

shift from mainframe computers to stand-alone computers brought about a change in the

primary function of computers, namely from computation to communication. It seems

that the effect ofmerged technologies is greater than the sum of the singular effects of

each alone. Specifically, the merger of information databases and communication

technology has resulted in electronic information technology with an impact that

surpasses both.

The search process has accelerated and searchers can access more information. At

the same time, information retrieval and evaluation of its quality has become more

difficult because of the explosion in the amount of information, the many different ways

it can be accessed, and the difficulty in defining what exactly is information. Information

not oruy means different things to different people but its definition and focus also

change over time. Now it seems that information has become a commodity in itself, with

numerous organizations having expertise solely in how to organize, select and retrieve it.

The information seeker no longer has to submit a request to an intermediary who would

submit it to the computer to be processed in batches. In those manual systems, users had

to wait for a reply and resubmit the request if they wanted any changes. In contrast, on­

line information retrieval (IR) systems are interactive and can be accessed from remote
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locations. As a result of this easier access, the number of on-line searches grew from

almost one million in 1974 to 80 million in 1997 (Walker & Janes, 1999), and continues

to increase rapidly.

With the daunting amount of information available, the ability to seek and

evaluate the appropriate information has become a key requirement for success in our

"digital" society (Tapscott, 1996). Consumers of information have to develop expertise in

dealing with information that often challenges the old goals of traditional classrooms.

With so much at stake, it is not surprising that recent sources of information such as the

World Wide Web (the Web) and the Internet have become targets of research. As more

and more users sought information, there was a need for a shift in the focus of research.

For decades, IR research was focused on system-centered questions. These types of

inquiries still account for a large portion of research, but the trend to explore user

characteristics and to understand the cognitive processes used to seek information is

gaining momentum (Walster, 1996). As the focus of research has changed from system

demands to user characteristics, so has the research methodology. Quantitative studies

have been replaced or augmented by qualitative techniques such as the analysis of verbal

protocols.

The Web, despite rich data and powerful connections, will not support learning by

itself. The challenge is to turn it into a cognitive tool, in the manner that Lajoie and

colleagues (Lajoie & Derry, 1993; Lajoie, 2000) have characterized computers. The

metaphor of "cognitive tool" implies that there are tools that can help learners with their

cognitive tasks. The authors described two computer systems that act as such tools,

Sherlock, a computer-based learning environment for avionics troubleshooting, and Bio­

World, a computer-based leaming environment where high school biology students can

practice diagnosing infections (Lajoie, 1993). These environments promote leaming for a

variety of reasons including support memory and lower level cognitive skills, therefore

leaving more resources available for higher order thinking skills. They give the learners

an opportunity to engage in cognitive activities, in the context of problem solving, to an
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extent that they would not be able to experience in real world. Likewise, an important

transition for the Web and hypermedia should be from a mere source of information to a

partner in leaming to amplify and augment human cognitive abilities.

Dillon and Gabbard (1998) conducted a review of quantitative research on the use

of hypermedia in education. They noted that, for one or more of the following reasons,

the hypermedia capabilities of the Web are advocated as having a powerful cognitive

effect on education: non-linear access to large amount of information, ability for the

information to be explored deeper and on demand, leamers' option to progress at their

own pace, the engaging nature ofhypermedia, and, finally, the way knowledge is

organized in hypertext reflects the organization ofknowledge in human mind. The

authors continued by stating that, "Such writing is strong on claims but, so far, short on

supporting evidence from studies ofleamers" (p. 323). Similar to computers, hypertext

capabilities of the Web alone do not tum the Web into a cognitive too1. What is missing

is identifying and incorporating strategies that will support the cognitive processing of the

information. In order to exploit these strategies, there is a need to measure the

information success ofthose whom Marchionini (1995) calls information specialists,

referred to in the present study as successful information seekers.

According to Chi and Glaser (1985), every problem has three components: initial

state, goal state, and a path that connects these two. Problem solving occurs when the

current state of information is less than desired and there are barriers between the initial

state and goal state. Most problems can be classified into the categories ofwell-defined

and ill-defined problems. In a well-defined problem, the initial state, the path, and the

goal state are clear. In an ill-defined problem, any or aU of the three components may be

vague and unclear. Similarly, most domains can be classified into the categories ofwell­

structured and ill-structured domains. In a well-structured domain such as mathematics,

most of the tasks are well-structured and there are restrictions as to what the problem

solver can use to carry out the task (for example only using digits or letters, or both given

in the problem statement). In an ill-structured domain, most of the tasks are ill-structured,
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i.e., the cornponents ofa task are vague and unclear. The Web can be considered as an ill­

structured environment given its vastness and its openness of goals and rneans to reach

them (Hannafin, 1999). Information seeking on the Web is an ill-defined prob1em-so1ving

task due to the fact that in searching on the Web, at 1east two of the three components,

namely the path and goal state, are changing.

Expertise in seeking information using traditional means (such as catalogues,

books, CD-ROMs, and libraries) has been extensively studied for well-defined problerns

and there is a growing amount of research on how librarians search for information and

what constitutes expertise in library studies. However, little is known about strategies and

attributes and problem-solving skills of experts in ill-structured environments.

Specifically, it is not known whether expertise and strategies and attributes of experts in

traditional environments can be successfully applied to problem solving in the Web.

Literature Review

The two theories that frame this study are information-processing theory and

theories of expertise. They provide an opportunity to analyze information-seeking

processes from a complex problern-solving approach, and identify successful information

seekers as experts in their field. The review of literature that follows, therefore, will focus

on (a) Information seeking as complex problem solving, especially in Open Ended

Leaming Environments (OELE) such as the Web, and (b) information-seeking models

that are created to measure users' strategies and attributes while searching on the Web.

Information Seeking as Complex Problem Solving

Although information can take several different forms, such as information-as­

process, information-as-knowledge, and information-as-thing, most generally information

is defined as anything that can change the state of one's knowledge (Marchionini, 1995).

Much ofhuman activity is information seeking--a purposeful search for information in

order to bridge the gap between what is known and what is unknown--and as such, it

dernands cognitive processes. In order to becorne successful information seekers, we

develop many kinds ofknowledge. For example, general knowledge that can be applied
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in different situations, domain-specifie knowledge that pertains to a particular task or

problem, declarative knowledge or knowing "that" something is the case, procedural

knowledge or knowing "how" to solve a problem, and finally conditional knowledge

meaning knowing "when and why" to apply the declarative and procedural knowledge

that has been acquired. Gagné (1985) called the last, cognitive strategies. For many, this

is the stumbling block in solving problems. Facts and procedures are known, but due to a

lack of appropriate cognitive strategies, people are not able to apply what they know to

solve a problem.

Based on information-processing theories (Greeno, 1978; Simon, 1979), problem

solving involves the following important cognitive processes: (a) construction of a

problem representation or problem space, (b) a solution process or problem-solving space

that involves problem solvers' search within the problem space, and (c) control processes

to check the success or failure of the solution. In order to understand or represent the

problem, the solver may activate certain knowledge in memory, i.e., a strategy or a

schema. Problem-solving strategies can be schema-driven or involve the comparison of

initial state to goal state and then trying to bridge the gap, as in means-ends analysis

(Gick, 1986).

The Web is significantly different from other information media for several

reasons. In terms of structure, there is no implicit index or hierarchy to the Web, making

it more difficult to create a mental model ofthe information. As such, it is hard for users

to imagine their location in the overall map of the knowledge they are searching. This

potentially leads to information overload and the feeling of disorientation. The Web also

differs in terms of content. The fact that anyone with a computer and a modem can

publish on the Web leads to the question ofvalidity of content and authorship, and makes

it difficult ta separate out the useful information. Searching in the Web is an ill-defined

task, different from searching in the library. The Web's unique parameters raise the

question of what kind of different strategies and attributes experts require for successful

problem solving in this environment.
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Traditionally, library and information studies have focused on providing extensive

access to vast sources of information in what Kuhlthau (1993) calls the "bibliographie

paradigm" (p. 1). One of the most important concepts in this paradigm has been the

retrieval of information from the system' s perspective. There is a plethora of research in

this field on what matches the system's representation oftexts rather than how to address

users' problems and process of information seeking. In contrast, open-ended systems or

open-ended leaming environments (OELE) are leamer-centered systems that may include

a variety of components such as e1ectronic card catalogues, CD-ROMs, or the Web

(Hannafin, Hall, Land, & Hill, 1994). The subtle difference between the Web and CD­

RüMs is that while users ofthe Web operate within a large and ever changing problem

space, information seekers using CD-ROMs are interacting within a more limited and

static problem space. Nevertheless, lessons leamed from how users interact with

information on CD-ROMs are invaluable to understanding the Web search process.

Large, Beheshti, and Breuleux (1998) investigated the navigational skills of grade

six students by observing them using the Castle Explorer CD/ROM to write an essay on

the middle ages. Results showed that the majority enjoyed using the computer and even

capably explored unre1ated areas such as occupations during the middle ages. However,

their naïve information-seeking strategies and lack of abilities to create synonyms

impeded their success. Expert users employed more analytic search strategies such as

thinking, planning, and evaluating. Novices preferred browsing and interacting with the

interface without using the on-line he1p. Marchionini (1989) drew similar conclusions

from a fact-retrieval study using full-text encyclopedias and hypertexts. He compared 28

third and fourth graders with 24 sixth graders. Data sources were keystrokes and

observers' notes. Results show that both groups used the same number of moves but

oIder students were more successful in their search because they used more analytical or

goal-oriented strategies and planning, whereas novices used more heuristic interactive

strategies.
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As more and more of the traditional systems migrate to the Web, researchers in

library and information studies have expanded their scope to include information retrieval

on the Internet and the Web, and that has changed sorne elements of searching for

information. To begin with, there is no control on who provides information for the users.

With its prolific growth, any commercial or private entity with an account can create its

own database and publish it on the Web (high quality or inane). Users of the information

are also vastly different in terms ofboth technical aptitudes and individual characteristics

(Borgman, 1989). FinaIly, the focus of the research is also changing. AlI these changes

put a strain on aIl the domains dealing with information; even core concepts in

information science such as information retrieval and information seeking are being re­

examined (Hjorland, 1997).

Marchionini (1995) defined information seeking as "a process in which humans

purposefuIly engage in order to change their state of knowledge" (p. 5). He preferred

seeking to retrieval because it is more human-oriented and, in addition, the "re" in

"information retrieval" implies finding an item that was known before, and that makes it

not applicable to sorne learning situations. Other concepts such as browsing and

searching are also under scrutiny. In general, searching and browsing are considered

discrete activities, one purposeful and formaI and the other random and informaI.

However, Coye and Walsch (1988) gave three new definitions of strategies: Searching is

equated with Search Browsing, browsing is equated with General Purpose Browsing, and

he added a new strategy caIled Serendipitous Browsing where information seeking is

purely random.

In agreement with the above authors, Bates (1989) stated that searching and

browsing are integrated and much of our searching is primarily browsing. Marchionini

also put more emphasis on browsing, defining three types ofbrowsing: directed, semi­

directed, and undirected. Similarly, Wilson (1997) categorized strategies based on how

attentive the user was when looking for health-related material: passive attention (e.g.,

watching TV), passive search (i.e., incidental), active search, and ongoing search.
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The concept that helped browsing become a research topic was hypermedia

(Large, Tedd, & Hartly, 1999). A hypermedia document is a hypertext document with

various media links, such as images and sounds. A hypertext document is an electronic

document that contains hyperlinks. Hyperlinks are built-in links that enable a user to

access information in a non-linear fashion. Although Ted Nelson is credited with having

coined the term hypertext in the 1960s (Large, et al., 1999, p. 187), the concept was

introduced twice before. First, it seems that Thorndike, (1912) had a vision ofhypertext

when he said, "If, by a miracle of mechanical ingenuity, a book could be so arranged that

only to him who had done what was directed on page one would page two become

visible" (pp. 164-166). Then Vannervar Bush (1945) wrote about our inability to make

real use of the records in a library because they are sorted alphabetically or numerically

and "the human mind does not work that way. It operates by association. With one item

in its grasp, it snaps instantly to the next that is suggested by the association of thoughts,

in accordance with sorne intricate web of trails carried by the cells of the brain" (Section

6). Browsing by jumping from one link to another, as is done in hypermedia, is

considered to be a major impetus behind the popularity of the Web.

Catledge and Pitkow (1995) carried out the first major study of Web browsing

behavior that was published on the Web. For a three-week period, 170 users ofXMosaic

browser consented through a consent window that the log file showing their interaction

with the Web is saved on a disk for further analysis. Results were measured based on

three task levels: High Level (application, e.g., Open File), Mid Level (interface action,

e.g., pull-down menu), and Low Level (interface technique, e.g., mouse click). The study

yielded sorne expected and sorne unexpected results. As expected, hyperlinks (52%) and

the Back command were the most popular actions. Browsers were less patient than

searchers and spent less time exploring the sites. They surprisingly found that only 2% of

sites were either saved or printed and the sites that were book-marked were not

necessarily the most popular ones. The major limitation of this study is that a qualitative

analysis was not performed to further explore the reasons behind the findings. In
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addition, it is not c1ear whether the users had easy access to disks and printers, or if they

were even aware oftheir availability. Furthermore, there is the question ofwhether the

minimal bookmarking was due to their lack of know-how or to a lack of interest in the

sites.

One of the most comprehensive studies investigating cognitive strategies and

leaming from the Web was by Hill and Hannafin (1997). Fifteen educators initially

participated in the study. They searched the Web for a topic they chose while thinking

aloud. Sources of data were a pre-search survey, think-aloud protocols, an audit trail,

post-search questionnaires, and stimulated post-search interviews. Five attributes were

studied in relation to five research questions: Metacognitive knowledge, perceived

orientation, perceived self-efficacy, system knowledge, and prior subject knowledge.

Four participants were chosen for an in-depth qualitative analysis. Disorientation, a

problem often cited in the use of OELEs, played a significant role. However, the

participants who possessed metacognitive strategies and had a broader knowledge base

were more successful and reported much less disorientation. This study provided valuable

insight into the search strategies of information seekers but, due to its limited sample size,

the results cannot be generalized.

Land and Greene (2000) focused on the process of seeking, locating, and

integrating information retrieved from the Web. This was a project-based study in which

nine undergraduate pre-service teachers were asked to create Internet projects to be

integrated into the curriculum. Think-aloud protocols and video observations were used.

Although the focus of this study was on seeking, locating, and integrating resources in

instruction, their findings are critical in developing useful information-seeking strategies.

The first finding was that progressing from a data-driven search to a goal-driven

approach is a strategy that helped the participants narrow down their search. The next

finding was that once they were challenged in finding relevant information on the Web,

sorne ofthem scaled back their projects to make the task more manageable. In the last

finding, the authors reported that metacognitive, domain, and system knowledge were
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critical to the success of the participants. It seems that the best way to help information

seekers is to use several forms of scaffolding to help them reflect and articulate their

understanding while they search in a complex environment such as the Web.

There has been a change in the focus of research on information seeking from

"bibliographie paradigm" to "user paradigm." Studies on user characteristics, especially

users on the Web, are in their infancy but growing rapidly. What will help future studies

is to consider the Web as an ill-structured medium and information seeking as a complex

problem-solving activity. As such, more qualitative studies directed towards

understanding the cognitive aspects of Web users should be incorporated in research that

focuses on the process of information seeking and how it can be improved through

education and training. In treating information seeking as a cognitive activity, it is

important to explore the concept of expertise, as it exists in the literature and how it

relates to information seeking.

Expertise and information seeking. The book, Thought and choice in chess (de

Groot, 1965) provided a rare impetus for an impressive amount of research on expertise

during the past three decades. The focus of subsequent studies was also on well­

structured domains of science such as chess and physics. The results of these studies are

mostly explained using the principles of the information-processing approach. The

exceptional performance of experts in terms of knowledge and skills that are acquired

through experience is compared to other learners sometimes labeled as "novice," who are

not yet weIl defined. The experts are described in terms ofhow their knowledge is

organized and how they acquire skills in comparison to novices. Among the expert­

novice differences, the followings have been cited more often: (a) novices' knowledge of

a domain is structured around the main phenomena in a domain, experts' knowledge is

compiled in a condition-action form, (h) experts perceive their domain as connected

meaningful chunks or patterns, (c) experts knowledge hecomes proceduralized, (d)

experts develop automaticity ofbasic operations, (e) experts have superior memory, (f)

experts are faster at solving prohlems in their domain and make fewer mistakes, (g)
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novices' representation of the problem is based on the givens in the problem statement,

experts tend to use their procedural knowledge to represent problem and arrive at

solutions, (h) experts spend more time examining the relevant information, perhaps

chunk information differently, (i) experts are goal driven and use forward reasoning, U)

expertise develops from knowledge initially acquired from methods such as means-ends

analysis, but increases steadily with practice, (k) expertise can be taught by means of

teaching expert rules, therefore, we can predict the performance of experts based on the

rules they use, (1) expertise is domain-specifie, experts' performances outside their

domain mirrors non-experts, (m) experts display more self-regulatory processes

(Coleman & Shore,199l; Jausovec, 1994, Pelletier & Shore, in press).

Meanwhile, studies ofproblem solving in ill-structured domains such as law

(Cole & Kuhlthau, 2000), medicine, philosophy, psychology, education, and art, pose a

new challenge because the methods and rules applied in well-structured domains do not

easily apply here. What is agreed upon is the notion that both quantitative abilities such

as speed of recall and qualitative abilities such as forward reasoning, characterize the

difference between novices and experts. Shore and Kanevsky (1993) examined the

thinking processes ofthree groups, children with high IQs, children who do very well in

school, and adult experts. In exploring their differences, the authors argued that there is a

need to shift from ability-oriented research to research that emphasizes processes in order

to understand expertise. As a result, they extracted seven principal characteristics that

differentiate the thinking processes of experts from novices and gifted vs. non-gifted:

memory and the knowledge base, self-regulatory processes, speed of thinking process,

problem representation and categorization, procedural knowledge, flexibility, and

preference for complexity.

When it came to experienced searchers, Bates (1979) admitted early on, "We

know discouragingly little about just what those skills are and how they develop" (p.

205). She introduced the concept of search tactic, any move that is made to search a topic

further. She grouped 29 such tactics into four categories: monitoring, file structure,
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search formulation, and term. She also defined the concepts of strategy and tactic in a

military manner, with strategy referring to long-term, large-scale planning, and tactic to

short-term goals and maneuvers. Later (Bates, 1987), she focused more on how to use

search tactics on-line, at the beginning of a search or at the end, and finally (Bates, 1989)

she introduced the model of "berry picking" for on-line search that will be discussed

later.

As on-line resources expanded, classical models for information search came

under attack. These models were based on a perfect match between the need of the

information seeker written in "query" language, and a document representation written in

controlled vocabulary. Ifthere was no match, it was the information seeker who had to

revise the query to make it understandable by the system. Soon, more and more

researchers began to ask for a more flexible and user-centered system that would allow

them to solve their problems quickly and effectively.

Librarians as expert information-seekers have developed substantial knowledge

related to the factors of information seeking. Sorne ofthese factors are: (a) knowledge of

how various domains are organized, (b) individual cognitive and perceptual

characteristics, personal experience in making inferences and evaluating the

appropriateness of certain types of reasoning, (c) spatial visualization, (d) superior

memory and visual scanning abilities, (e) recognition of different types of problems that

drive searching tasks, and (f) awareness that an information-seeking task that drives the

information-seeking process, may change as the search progresses (Marchionini, 1995,

pp. 68-69).

Notwithstanding the importance ofthese factors, they have been based on on-line

bibliographie database searching, and this might differ somewhat from seeking

information on the Web.

In an attempt to understand information seeking on the Web, Tabatabai and

Luconi (1998) compared three experts and three novices, all graduate students of the

Faculty of Education at McGill University. Their task was to search for inquiry-based
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instruction in order to write a research paper. The criterion that differentiated experts

from novices was the hours they spent on the Web. Experts, on average, spent 15 hours a

week on the Web, novices spent 3 hours. Performance measures were the differences

between how each group searched the Web. Cognitive task analysis and verbal protocols

were used to gather data. Differences between the experts and novices were analyzed in

terms of (a) knowledge base, (b) problem space, (c) strategies, and (d) affect. Experts

used more key words and evaluated the sites based on established criteria (wider

knowledge base). They also had a different problem space. Novices used the Back key

more often, used fewer numbers of search engines, and missed sorne highly relevant sites.

In terms of strategies, experts were more goal-driven and used more metacognitive

strategies (e.g., monitoring) than novices who mostly relied on trial-and-error. Also,

affect played a much bigger role for novices than experts. Novices felt more nervous,

tired, frustrated, lost, and overwhelmed by the amount of information available on the

Web. Shortcomings of the study are its small sample size (three novices, three experts),

and lack of specific criteria on how "experts" were chosen.

Lazonder, Biemans, and Wopereis (2000) observed 25 grade four students with

various levels of Web experience while performing three tasks on the Web. The research

question was whether the Web experience had any effect on two components of the

search process, namely locating a Web site and subsequently locating information on that

site. Performance measures were based on success, time, efficiency, and effectiveness.

Log files and questionnaire results were used to analyze the data. For the first part of the

task, i.e., locating the site, the difference between experts and novices was statistically

significant in the following ways: experts were faster, completed more tasks, and were

more efficient and effective. For the second part ofthe task, i.e., locating information

within the site, there were no significant differences between the groups. These findings

suggest that the differences found in hypertext searching may be due to locating the sites

and not the information in the sites. Therefore, teaching how to use search engines to

locate the wanted sites is likely to improve performance. Although the study showed that



Web Search and Expertise 22

novices differ from experts, it provided little insight into the kinds of search strategies

that contributed to each group's success. More qualitative in-depth analysis would

increase our understanding of user information-seeking habits on the Web.

Palmquist and Kim (2000) also found that on-line database-search experience

improved performance of the participants in their study. Forty-eight undergraduate

students searched their university's Web page to perform two tasks. First, they had to find

a specified site and bookmark it. Next, they had to find relevant pages in a site and

bookmark them. There were two independent variables, cognitive style and prior

experience. Cognitive style was identified by the Group Embedded Figures Test and

prior search experience was determined by questionnaire. Performance measures were

the average length of time spent on retrieving the information and the average number of

nodes visited. Field-dependent participants spent more time retrieving information than

field-independent participants. Although the paper went into a detailed discussion of the

difference between field-dependent and field-independent participants, it is aU based on

searching, not on the Web, butjust in the university's home page. Again, as with other

studies, there were no qualitative analyses and it is difficult to extend the results to the

search on the Web at large.

Research in other media such as CD-RüMs (Large, Beheshti, & Breuleux, 1998;

Breuleux, Renaud, Large, & Beheshti, 1993) shared sorne qualities with research on the

Web. For example, Breuleux, et al. (1993) found that children, who had more alternative

representations in the form of graphies or animation, were more distracted and recaUed

less information than those who had received only text. Similar to the Web, the

availability of multiple sources of information by itself did not lead to better acquisition

of knowledge and its complexity added to the level of confusion, much as for the claimed

potential of hypermedia (Dillon & Gabbard, 1998). However, participants in the

aforementioned studies were children and although the results are related to the findings

ofresearch involving adult participants, it is at times harder to compare these two groups.

Large and Beheshti (2000) agree that when it cornes to information-retrieval systems,
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children are distinct due to their lack of language sophistication, lack of ability to

manipulate search strategies, and their cognitive overload that results in disorientation (p.

1070).

There is obviously a shift in information-seeking research from the system­

centered to the user-centered perspective. The above studies pay more attention to the

process and the users' characteristics than to the technology itself, recognizing that users

engage in information seeking as a dynamic problem-solving activity in which their

idiosyncratic attributes affect the process of search and the outcome. Novices applied

naïve strategies, re1ying on trial-and-error most of the time, and had unreasonable

expectations from the system due to their misconceptions about technology. Experts, on

the other hand, found information faster and more efficiently. A review ofthe users'

characteristics (in the form ofvaried models) that affect information-seeking outcomes is

presented in the following section.

Models ofInformation Seeking

With the shift of focus from system to individual user needs, the effect of

psychological and cognitive processes on the information-seeking process and how to

model these effects became a viable research topic.

In a model called the Anomalous State of Knowledge (ASK), Belkin, Oddy, and

Brooks (1982), described the constructive process of information seeking in terms of

knowledge abnormality in the users' minds. An information need, based on this mode!, is

the discrepancy between what the user already knows and what he or she needs to know.

ASK is dynamic and changes as the search goes on. Thoughts evolve from being unc1ear,

vague, and uncertain, to c1ear and more focused as users progress from an anomalous

state ofknowledge to understanding their topics and solutions.

Bates (1989) described a model of information retrieval called "berry picking"

that differs from c1assical models in four areas: flexible query, flexible search process,

wider range of search techniques used, and wider information territory in which the

search is conducted. Similar to picking berries in the field, information is accumulated "a
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bit-at-a-time" (p. 410) instead ofin a single best set. Her model is one of the first models

that emphasized user-centered search and initiated a discussion on the similarities and

differences between browsing and searching.

Kuhlthau (1993) described a more holistic view of information seeking,

encompassing the c1assic triad of thoughts, actions, and feelings or cognition, physical

activities, and affect. Her Information Search Process (ISP) model has six stages

composed ofhigh level goals: task initiation, topic selection, prefocus exploration, focus

formulation, information collection, search c1osure, and starting writing (p. 42). In her

qualitative methodology she used journals, search logs, short written statements, case

studies, concept maps, teachers' assessments, and a perceptions questionnaire. Her

methodological principles were impressively vast and provided important knowledge

from the point of view of the individual' s experiences. At the same time, ISP is a process

model that can be used to differentiate users based on how they set information-seeking

goals.

The Personal Information Infrastructure (PlI) mode1 proposed by Marchionini

(1995) is a collection of mental mode1s that inc1udes "abilities, experience, and resources

to gather, use, and communicate information" (p. Il). These mental mode1s interact for

specifie information systems. His often-cited mode1 of the information-seeking process,

inc1udes eight sub-processes that can develop in parallel: (a) recognize and accept an

information problem, (b) define and understand the problem, (c) choose a search system,

(d) formulate a query, (e) execute the search, (f) examine the results, (g) extract

information, and (h) reflect/iterate/stop (pp. 49-60). Although Marchionini did not make a

direct connection between PlI and the eight sub-processes, he considered information

seeking to be dynamic and the information seeker to be in control of these sub-processes.

Marchionini's PlI model can be used as a framework in studying information seeking,

and it is not intended to be used as a stand-alone modellike Kuhlthaus' s model.

The first mathematical model of surfing on the Web was deve10ped by Huberman,

Pirolli, Pitkow, and Lukose (1998). They looked at patterns ofWeb surfing by
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developing a mathematical model based on the laws ofprobability. The probability ofa

user going from site to site depends on the value of the CUITent site versus the anticipated

value of the next site. The user stops Web surfing when the cost of moving to the next

site is more than its expected value. They analyzed data from a representative sample of

America Online (AOL) Web users for five consecutive days. This is the most staggering

amount of data that was relatively easily collected and analyzed so far. For example they

reported that on one day (December 5, 1997) 23,692 users accessed more than one

million Web sites. Their results validated the model they were proposing. Users show

strong regularities in their search for information, and these regularities can be

statistically described. Although this sophisticated model does not directly address users'

strategies, its use of a mathematical model establishes a firm foundation for further

research.

Sutc1iffe and Ennis (1998) acknowledged the need for an integrated theory of

information retrieval and proposed a cognitive framework for modeling information

searching called Process Model. Contrary to most models of information retrieval, this

model uses only two agents: the user and the information search-support system (leaving

the expert intermediary out). The purpose of the model is to display expert user behavior

in four major activities: problem-identification, need-articulation, queries-formulation,

and results-evaluation. They provided a comprehensive and, at times, complicated set of

mIes that govem user behavior. This was the first model that sought to predict user

behavior in different task stages, based on the users' needs and their knowledge on one

hand, and the system facilities on the other. The actual behavior ofusers cannot be

accurately predicted. Yet, this model can be best used in developing a tutoring or

intelligent help system. It also has potential as a decision-support system or as an

adaptable user interface.

Another model was proposed by Choo, Detlor, and Tumbull (1999), who

integrated browsing and searching. This model was a combination oftwo other models:

scanning (Aguilar, 1967) and information seeking (Ellis, 1989). Thirty-four knowledge
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workers from seven companies volunteered for this study. A Web Tracker application

was installed on their computers at work to register all their moves for two weeks. They

were also interviewed twice and recalled critical incidents of using information from the

Web. The model was based on a plot of 61 critical-incident episodes. On one axis,

episodes were plotted according to the model' s four modes of scanning: undirected

viewing, conditioned viewing, informaI search, and formaI search. On the other axis,

episodes were plotted according to six categories of information seeking: starting,

chaining, browsing, differentiating, monitoring, and extracting. The highest number of

episodes (23) was informaI search (e.g., company names, products), 18 episodes fell into

the category of conditioned viewing (e.g., bookmarked sites), 12 were undirected viewing

(e.g., general news Websites), and the least number of episodes (8) were categorized as

formaI or intentional searches seeking specifie information. The study suggested that

investigating strategies and tactics of users might be helpful in analyzing information

seeking on the Web. The study also used both quantitative and qualitative methods of

data collection that gave the results more validity.

Summary

Research in ill-defined areas including information seeking on the Web is

augmenting research in traditional systems such as libraries. The few studies that focused

on users' characteristics provide a starting point for further research. However, experts

and novices in these studies were defined a priori based either on their prior performance

or on sorne measure of ability or talent. Novices' attributes were not defined very well

except that they were different from experts. Furthermore, expertise in these studies was

portrayed statically--without examining the process of becoming an expert.

Information seeking processes need to be explored to reveal differences between

experts' and novices while searching on the Web. There is also a need to define expertise

in a new manner, i.e., a posteriori, in relation to the strategies and attributes that have a

positive effect on the outcome of the search. Finally, expertise in information seeking
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should be modeled to isolate strategies and attributes, as weIl as other relevant factors

that have a combined effect on the success of the search.

Purpose and Research Questions

The primary purpose of this study is to advance our understanding of expertise in

information seeking on the Web by identifying a set of (or a systematic account of)

strategies and attributes that will increase the chance of a successful search on the Web.

The strategies are defined as any maneuver that will help search a topic further:

Evaluation, Navigation, Affect, Metacognition, Cognition, and Prior knowledge.

Attributes are varied data on the participants and include Age, Sex, Years of experience,

Computer knowledge, and Information-seeking knowledge. (Full definitions are provided

in Appendix A, p. 85). Success is defined as finding a definition of Expository Teaching

Model within 30 minutes and it is assumed that, on average, experts will find this

information faster than non-experts (e.g., novices). In this study, the degree of expertise

will be assumed to be related to the employed strategies and attributes and the time it

takes to find the required information. Expertise will therefore be defined empirically in

relation to the outcome. This is a quasi-experimental study because the selection and

assignment of participants is not randomized, there is no control group, and independent

variables, (i.e., strategies and attributes) cannot be manipulated by the researcher. The

outcome (dependent) variable considered in this question is the timely success of the

search. Participants will be from three groups of novices, intermediates, and experts.

The secondary purpose of the study is to develop and determine the effectiveness

of a model to predict what strategies and attributes will increase users' chances of a

successful search.

This study hopes to answer the following research questions:

1. Are there differences in the patterns of search among users with varying degrees of

expertise? Do expert searchers use different strategies than intermediates and novices?
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2. Is there a relationship between users' strategies and attributes and timely success of the

search on the Web?

3. Can a successful search on the Web be modeled?

Hypotheses

1. Expert searchers use different strategies than intermediates and novices. Experts would

have higher prior knowledge and would rely more on Metacognitive strategies; in

contrast, novices would mostly rely on trial-and-error.

2. Possession of prior knowledge and use of certain strategies such as Metacognition are

associated with success.

3. There are certain strategies and attributes that affect the outcome of the search and

these factors can be modeled using survival analysis.
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Chapter 2: Method

Participants

In order to detect and account for the effect of individual attributes and strategies

on the search outcomes, a total of29 participants were observed in three groups of

novices, intermediates, and experts. Demographic information about these groups is

presented in Table 1.

Table 1

A Comparison ofthe Three Groups ofParticipants

Intermediates Experts.

Mean (SD) Mean (SD)

7F,2M 8F,2M

31 (9.00) 44 (8.10)

8.1 (5.73) 5.3 (2.06)

6.9 (5.7) 17.3 (9.14)

2.3 (1.17) 10.4 (6.50)

3.8 (.44) 3.7 (.82)

4.2 (0.67) 4.2 (1.03)

3.4 (0.53) 3 (1.56)

4.2 (1.30) 6.5 (2.22)

1.39 (.49) 3.1 (1.38)

7F,3M

24 (7.50)

1.5 (1.01)

5.5 (4.76)

1.7 (1.03)

2.6 (1.17)

2.8 (0.92)

1.7 (1.06)

1.2 (0.47)

1.3 (1.76)

Attributes Participants

Novices

Mean (SD)

Gender (F, M)

Age

y rs ofUniversity

y rs ofExperience

Yrs on This Job

Computer Literacy

Info-Seeking Know.

Web Knowledge

Hrs/day on Computer

Hrs/day on Web

Novices were 10 undergraduate pre-service teachers from the Faculty of

Education at McGill University. They were chosen because they were trained in
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Pedagogy but not specifically in information seeking. Intermediates were nine final-year

master' s students in the Graduate School of Library and Information Studies (GSLIS),

also part of the Faculty of Education at McGill University. These students were chosen as

intermediates because they had received training on how to search the Web as librarians,

but typically had not put their knowledge into extensive practice. Experts were 10 highly

experienced professionallibrarians working in a variety of settings including

government, industry, and university, and whose institutions provided internship

opportunities for Library and Information Studies graduate students.

Experts were older than novices with more years of university, more job

experience, and more computer knowledge. They rated themselves higher on

information-seeking and Web knowledge, spent more hours a day in front of a computer,

and spent more hours a day searching the Web than did novices. Intermediates were

selected to fill the gap between these two groups but many times they resembled experts

more than they resembled novices. For example, one intermediate and one expert had

five and eight years of teaching experience, respectively.

There were sorne differences between the participants with regard to how they

learned to use the Web. AlI participants, except for two experts, reported that personal

interest primarily motivated them to learn the Web, alone or in combination with formaI

or job training. Expert 7 reported leaming the Web solely as a requirement on the job,

and Expert 9 learned it through a combination of formaI training in a course and on-the­

job learning. Personal interest played a more important role for novices as eight of them

and only one expert reported it as the prime motive for learning how to use the Web. A

combination of personal interest and partial requirement for a course helped two novices,

seven intermediates, and one expert leam the Web. Five experts reported that they

leamed through a combination of personal interest and training on the job. Only two

intermediates and one expert used aIl three (i.e., personal interest, formaI training in a

course, and on-the-job training) to learn how to use the Web. FormaI training, whether

part of a course or a requirement on the job, played an important role in how participants
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learned to use the Web; aIl intermediates and aIl experts except one reported being

trained formaIly, whereas most of novices did not.

Novices and intermediates similarly reported that their top activity on the Web

was e-mail. One expert reported using e-mail but only as the third activity. Experts used

the Web mainly for research; novices and intermediates used it for personal reasons such

as communication, entertainment, travel planning, or music.

Novices and intermediates were first approached in their university classrooms

where the researcher explained the nature of the study and asked for volunteers to write

their names, phone numbers, and e-mail on a piece of paper so they could be contacted

later. Experts were individuaIly contacted from a list of names provided by a faculty

member of the GSLIS. As a gesture of appreciation for their time, one participant from

each group, by the luck of a draw, was given a mug with the University logo.

This study received Certificate of Ethical Acceptability for Research Involving

Rumans from the Faculty of Education, McGill University (Appendix B).

Materials

The materials consisted of consent forms, instructions to participants, a

background-information questionnaire, researcher' s notes, and Internet temporary files.

The equipment used to conduct the study consisted of a laptop computer, VCR, portable

audio system with microphone, telephone with extension cords, timer, Dragon NaturaIly

Speaking software, and a transcriber (Appendix C).

AlI participants signed a consent form (Appendix D) acknowledging that they

have been informed about the purpose of the research, that they could withdraw at any

time, how long the session would take, what procedures were involved, and how their

anonymity would be guaranteed.

The background-information questionnaire (Appendix E) collected data about

name, age, gender, years of university, years of experience, years of teaching, how they

learned to use the Web, how many hours a day they spent in front of a computer and

using the Web, their favorite search engine, their prime use of the computer, which part
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of a Web site they read first, and what criteria they use to evaluate a Web site. They were

also asked to rate themselves on three areas of computer literacy: information-seeking

knowledge, computer knowledge, and knowledge of the Web (ranging from 1 = poor to 5

=excellent).

The task (see below) was typed and handed to each participant. After reading it,

any misconceptions were clarified. The Web browser, Microsoft Internet Explorer,

created Internet temporary files automatically. At the end of each session, these files were

printed and used later on to fill in any missing data.

Procedure

Novices and intermediates came to the researcher' s lab to participate in the study.

Experts performed the task in their work office to minimize the demand on their busy

schedule. Participants were observed individually. Everyone started from McGill's

Faculty of Education Home Page and used Internet Explorer version 4 that was setup

before they amved.

The participants were given the consent forms to sign and background­

information forms to fill out while the laptop, VeR, and audio recorder were started. The

researcher asked the participants to read the task and then explained what was expected

of them. The instructions to the participants were the following:

Your task is to find as much information as you can on a definition of

"Expository Teaching Model" on the Web during the next half hour. The

primary purpose of the task is to find a definition of the model. If you find a

definition and have more time left, you may try to find out who initiated the

model.

Special attention was paid to explaining and stressing the importance of talking aloud in

collecting verbal protocols as data. To make sure they understood how to talk aloud, the

researcher did two exercises with them. First they were asked to count aloud the number

of windows in their place and then to describe how they tied their shoelaces (Ericsson &
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Simon, 1993). Any misconceptions were corrected before going on to the next stage.

Then the researcher started the laptop, the VeR, and the audiotape.

Before continuing, participants were asked if they had any questions or needs and

were told that, during the next half hour, the researcher would be quiet except for

prompts like "keep talking." The researcher wrote down the start time and told the

participants to begin the search. While they were searching, the researcher wrote down

any observations and questions to ask them at the end. The time, at which the participant

found the first definition of Expository Teaching Model, if it was found, was recorded.

After the task was completed, participants were interviewed about various topics related

to Web searching (Appendix F). Their responses were triangulated with the results of the

questionnaires and the verbal protocols to increase reliability of the data. Member checks

for aIl participants were sent before the data analysis; no corrections were requested. To

assure their anonymity, participants were numbered. For example 020712 meant the

session was on February 7th at 12 o'clock. After each session, the history and favorites of

the participant were saved in a separate file.

Data Overview

The method for data collection in this study was verbal protocol; it allowed for in­

depth detailed data collection from the participants while they were searching the Web

for a definition of Expository Teaching Model. Other sources of data were Internet

temporary files, background questionnaires, and post-task interviews. Following data

collection, a template was created (Table 2) that tracked the processing and analysis of

the data. First, the audiotapes were transcribed verbatim into a text file for each

participant. Second, after the text files were created, each file was segmented into clauses

and entered in an Excel file where each line was a clause ready to be coded. The codes

were directly entered into the Excel file, creating 29 files. Third, the column with the

codes from each Excel file was copied into a separate file. This file included the complete

data and included aIl the codes from 29 participants in the order that they appeared in the

text. Finally, the codes were rank ordered and, using Microsoft Excel PHStat©, a one-way



Web Search and Expertise 34

frequency table for aIl the codes was created individually for each participant. These

codes were manually entered in the Table of aIl codes (Appendix G). This table

represented the total processed data ready for analysis.

Table 2

Template for Transcribing the Audiotape

IO:020712

Date/Sources of data:

lst Source - Verbal Protocols, audiotapes: Date done

Transcription using Dragon Naturally Speaking

Second listening for editing

Watch the videos to insert commands and missing actions using the

following format: Search Engines, (Key words), COMMANDS,

http://NameOfSitesVisited.

2nd Source - Internet files: Date done

Insertion of URLs and names of sites (and the description as it appears

under the name if possible) from Internet Temporary Files into a separate

file called List of URLs.

3rd source - my notes and observations

Insert any other explanation deemed necessary for understanding the

actions in [ ]

4th Source - Questionnaires

When did they find the answers? (Time in minutes)

Answered question 1 (definition of etm) Time

Answered question 2 (Ausubel) Time

Coding:

Document ready for coding:

Coding done:

Date

Date
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Coding System

The coding started as model-based coding (Ericsson & Simon, 1993) that was frrst

developed by the researcher and one ofher colleagues (Tabatabai & Luconi, 1998) for a

study that investigated expert-novice differences in searching on the Web. It included 66

codes and the reliability as measured by percentage of agreement was 90% when the

authors first applied these codes. The coding for the present study evolved as the

researcher gained familiarity with the literature and with the data. At the end, it included

six strategies (plus two categories ofVague and Not Relevant), all identified by a one­

.digit prefix; 25 tactics identified by a two-digit prefix; and 127 moves identified by a

three-digit prefix. A complete list of codes and their definitions are presented in Table 3.

A strategy is defined as a tool that a participant uses in order to solve a problem. It

usually involves large-scale broad maneuvers that are a combination of several sub­

processes or tactics. Tactics are short-term sub-processes that are a collection of several

moves. Moves are fine-grain actions, feelings, knowledge that are consciously selected,

applied, and monitored to solve a problem (Marchionini, 1995; Bates, 1987). The

transcribed texts ofparticipants' utterances are coded based on their Moves. Tactics and

strategies are then derived from these codes.

Table 3

Complete List ofCodes Used ta Code Verbal Protocols

1. Evaluation

1.1 Criteria to evaluate sources (currency, authorship, accuracy, etc..)

1.1.1 Evaluates sites but criteria are tacit therefore we use eues to infer them

1.1.2 Clearly uses criteria to evaluate sites

1.1.3 Uses surface criterion i.e., howa site looks.

1.1.4 üther (can't evaluate, not enough info)



1.2.5

1.2.6

1.2.7

1.2.8
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1.2 Evaluation of one source - access/open a site

Negative evaluation

1.2.0 Based on its URL (Unified Resource Locator)

1.2.1 Based on its title, headers

1.2.2 Based on its summary/content (descriptions or abstracts)

1.2.3 Based on the organization of the document/design of the page/absence of

link/hypertext/font

1.2.4 Other (personal page, lack of criteria in the site)

Positive evaluation

Based on its URL (Unified Resource Locator)

Based on its title, headers

Based on its summary/content (descriptions or abstracts)

Based on the organization ofthe document/design ofthe web

page/presence of link/hypertext

1.2.9 Other (appear more than once, seen it before)

1.3 Evaluation ofother sources (i.e., Search Engines, Web, McGill home page, work, this

experiment, or this computer)

1.3.0 Negative evaluation

1.3.1 Positive evaluation

1.3.2 Neutral

1.4 Evaluation of search engines

1.4.0 Negative evaluation

1.4.1 Positive

1.4.2 Comparison of search engines

1.5 Evaluation of immediate results or hits

1.5.0 Generally negative

1.5.1 Generally positive

1.5.2 Not sure
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1.5.3 Neutra1, ta1king factually about results or hits (l've got so many # ofhits)

1.6 Evaluation of final resu1ts (overaIl)

1.6.0 Generally negative

1.6.1 Generally positive

1.7 Wrong Evaluation - Missed opportunity

1.7.0 Missed opportunity (not notice a good site OR stay in a bad one that he

has seen and judged before)

2. Navigation

2.1 Moves

2.1.0 Backward moves (one step or more)

2.1.1 Access a search engine for the first time

2.1.2 Access a search engine for the second time and more

2.1.3 ScroIl, skim, glance (not counted the sources)

2.1.4 Add to favorites, or Book marking (shared with 5.4.1)

2.1.5 Skip a site previously seen

2.1.6 Close navigation window (copy/paste into file 5.4.1)

2.1.7 Access to a site (click)

2.1.8 Click to access other than a site, i.e., Word, Thesaurus in Word, web page

matches

2.1.9 NEXT page

2.1.10 Using MSN as it appears on the left side of screen

2.2 Typing the search term

2.2.0 Type the search term as is (Expository Teaching Model)

2.2.1 Type the search term truncated (expository teaching)

2.2.2 Type the search term truncated (teaching model)

2.2.3 Type the search term truncated (expository)

2.2.4 Type the search term truncated (teaching)

2.2.5 Type the search term truncated (model)



Web Search and Expertise 38

2.2.6 Typing mistakes

2.2.7 Typing "etm"

2.3 Typing other words

2.3.0 Add a new key word to the search term or add + sign

2.3.1 Type a new word or term (without any of the search terms)

2.3.2 Typing mistakes and other mistakes

2.3.3 Use synonyms

2.3.4 Use quotations

2.3.5 Use SEARCH key or looking for it

2.3.6 Use ofADVANCE search key

2.3.7 Further moves to retine search, narrow it down

2.3.8 Submit

2.3.9 ûther (type MSN, use of STOP, HOME keys)

2.4 Waiting any type of activity/comment (except feelings: 3.3) while the user waits for a

response

2.4.0 Decides not to wait because it took too long for the system to respond

2.4.1 Waits

2.4.2 Comment as to slowness

2.4.3 Any other comment as to status quo (l'm waiting, or l'm at)

2.4.4 Any action while they wait/opening another search engine/ switching

between them

3. Affect

3.1 Persona! feelings expressed towards oneself during the search (l'm no good)

1.1.0 Negative feelings towards oneself

1.1.1 Positive

1.1.2 Neutra!, not sure how it feels

1.1.3 Change ofmind

3.2 Expectations from the search or the search results (this link is going nowhere)
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3.2.0 Negative, unfulfilled

3.2.1 Positive, a hope or projection

3.2.2 Neutral (there it is, l'm at)

3.2.3 Ambivalent (1 guess this is library)

3.3 Overall perception of how the task is going (Labyrinths)

3.3.0 Negative: impatient, frustrated, can't solve problem

3 3.1 Positive: patient, relaxed, focused, curious

3.3.2 Neutral

3.3.3 Lost (don't know ... no idea)

3.4 Information overload

3.4.0 Expression of information overload, too many hits

4. Metacognitive strategies

4.1 Reflections Only if they verbalize it themselves otherwise not a reflection.

Reflecting on themselves

Negatively on their own knowledge, ability, and interest

Positively on their own knowledge, ability, and interests

Reflecting on the search process (and meaning of etm)

4.1.2 Negatively (that is not a good definition)

4.1.3 Positively

4.1.4 Neutral

4.1.5 Not sure

4.1.6 Difficult process

4.1.7 Wrong inferences (from one concept to the other)

4.2 Monitoring Finger on pulse ofhow the search is generally progressing

4.2.0 Monitoring on how they are doing (talking to themselves)

4.2.1 Monitoring on how the search is going (double check with task)

4.2.2 Ask for how much time is left
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5. Cognitive Strategies

5.1 Search strategies - Toois and rationale used to start and carry out the search

5.1.0 Rely only on memory

5.1.1 Using pencil and paper

5.1.2 Printing for later perusal

5.1.3 Rational/comments for chosen strategies

5.1.4 Change in strategy/Search

5.1.5 Using CtrlF

5.1.6 Other (eut URL, Feeling Lucky option)

5.1.7 Look for something different

5.1.8 Opening multiple search screens

5.2 Reading priorities/habit

5.2.0 Reading Title ofhits

5.2.1 Reading URL of bits.

5.2.2 Reading summary of bits (under URL)

5.2.3 Reading the results

5.2.4 ScanningIReading results pages

5.2.5 Lazy in reading (too little time to read)

5.2.6 User is inside the site and reads the content thoroughly

5.2.7 User is inside the site but scans the content and reads quickly

5.2.8 Reading the first 10 bits or so

5.2.9 Long pause, read silently

5.3 Planning Includes intentions.

5.3.0 No plan (trial and error)

5.3.1 Expression of an intention to do something that is not covered by the

following categories

To navigate

To evaluate
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5.3.4 To continue search after the present task (go to library for personal

curiosity)

5.3.5 Other (don't want to do something, don't use pen)

5.4 Keep track of search - when find a good source, what do you do with it?

5.4.0 Copy/paste download in a text file

5.4.1 Book marking or add to favorite

5.4.2 Write down words, synonyms, steps oftask, sources, steps ofthe search

5.4.3 Creating links between what they find on the Web and the topic of the

search

5.4.4 Print for later perusal

5 .5 Tangent - whether actuaHy goes off track or just talk about it

5.5.0 Distractions

5.5.1 Curiosity stop

5.5.2 Copy/paste/e-mail/bookmark of sources ofinterest to them

5.5.3 Discussion about time to make for curiosity stop, to quit and time they'H

spend in each cite

5.6 Metaphor Use ofmetaphorical knowledge

5.6.0 Use ofmetaphors

6. Prior knowledge

6.1 Domain- Directly or indirectly related to topic

6.1.0 Lack of domain knowledge

6.1.1 Assumptions and biases about the domain

6.1.2 Possessing sorne domain knowledge

6.2 System - (dragging mouse, knowledge. about characteristics of search engines)

recognition of features

6.2.0 Lack of system knowledge

6.2.1 Biases about system, i.e., the Web is aH-commercial, a site sponsored by a

computer co. is not reliable
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Possessing sorne system knowledge

Other, i.e., knowledge ofWord

Statements that are not clear due to either low voice or poor quality of

tape. This code will be excluded from the analysis.

8. Not Relevant Any small talk that is not related to the task such as talks about the

weather or ride in the Metro.

The coded data created in this study were extensive. They could he visualized as a

matrix of29 rows (number ofparticipants) by 160 columns (number ofcodes used), more

than 4500 cells. An attempt to perform a Pearson correlation resulted in more than 20,000

cells. To organize these data for a more manageable analysis, the data were divided into

three leve1s from a very specific three-digit level (moves) to the most aggregated one­

digit level (strategies) as follows:

Level3 data (moves) were the actual codes applied to the transcribed text, for

example, 1.1.3 (Surface Evaluation), or 2.1.0 (Backward Move).

Level2 data (tactics) were derived by adding all related level3 data, for example,

1.1 (Evaluation Criteria) was a combination of four level 3 data ranging from 1.1.1 (Tacit

Criteria) to 1.1.4 (Other Evaluations).

Leve1 1 data (strategies) were derived by adding all related level 2 data, for

example, level 1 (Evaluation) included seven level 2 data ranging from 1.1 (Evaluation

Criteria) to 1.7 (Wrong Evaluation). Level 1 data were the most aggregated and included

the six strategies and attributes. The main analysis in this thesis was done with level 1

data, drawing explanations from levels 2 and 3 whenever warranted.

Data Analysis

In order to answer the first research question (Are there differences in the patterns

of search among users with varying degrees of expertise?), primarily descriptive analysis
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was used. Analysis ofvariance was also performed on level 1 data to look at group

differences in strategies and attributes. Pearson correlation coefficients were calculated

on all three leve1s of data.

In order to answer the second research question (What is the relationship between

users' strategies and attributes and timely success in the search?), Cox survival analysis

(1972) was performed on alilevels of data. The outcome (dependent) variable considered

in this question was the timely success of the search and the explanatory (independent)

variables were strategies and attributes.

In order to answer the third research question (Can successful search on the Web

be mode1ed?), backward stepwise Cox survival analysis was used. The dependent

variable was the same as in question two; the independent variables were similar except

that in this question they were all put together in the model, whereas in question two their

effect was investigated individually.

Survival analysis. A number of studies have used regression or other methods

such as analysis ofvariance to examine the reasons behind success or failure of searches.

However, as Willet and Singer (I991) have pointed out, there are sorne methodological

concems. One is about the nature of the research question asked. Researchers have

traditionally asked "whether or not" an outcome happens and although that is an

important question, Willet and Singer argued that we should also ask "when" the

outcome happens. Statistical techniques such as regression analysis or analysis of

variance cannot address the "when" question because they are not capable ofhandling

"censored" data. Censored data (e.g., in survival analysis) are those observations that do

not experience the event of interest during the period of data collection. For example, in

this study, participants who did not find the required information within the halfhour

were considered as censored data.

The data collected in this study fell into the category of survival-time data, which

have also been called lifetime or failure time data (Lawless, 1982). This is the type of

data in which the variable of interest is the time to occurrence of an event, in this case,
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data in which the variable of interest is the time to occurrence of an event, in this case,

the time to finding a definition of Expository Teaching Model (ETM). In other words,

survival analysis is useful whenever we ask research questions about whether an event

occurs, and also when it occurs. Statistical analysis of these types of data is referred to as

survival analysis. The use ofthe word survival refers to its origin in the health domain in

which the success of a treatment is measured in terms ofhow long patients survive after

the treatment. In this study, survivors are those participants who have not found the

definition after 30 minutes.

In survival analysis, the time until an event happens is called the survival time, t,

with a probability density function denoted by f(t). Survival time varies from zero to

infinity. In this study, the occurrence of the event (finding ETM) was observed within the

first 30 minutes. Survival probability is the proportion ofthose individuals who have

survived the event, i.e., participants who have not found the definition. A distribution of

these probabilities or proportions over time forms the survival function, Set). A graph of

Set) versus t is called a survival curve. At time zero, when participants start to search,

they are all surviving (no one has yet found the definition), and the value of the survival

function is 1.00. As the search process progresses, sorne find the definition and the value

of the survival function drops. Since not every participant finds the definition before the

halfhour is over (censored data), the curve never reaches zero (Willet & Singer, 1991).

By definition, all survivor functions have a similar shape dropping from a value of 1 to

zero over time, but their rate of decline, obviously, is different.

The hazard function h(t) is defined as the ratio of f(t) over S(t) and reflects the

instantaneous risk that the event (finding the correct definition) occur at exactly time t.

While survival probability can be compared to a glass that is partially empty (how many

participants did not find the definition), hazard prohahility can he compared to a glass as

partially full (how many found the definition). Due to the fact that we would like the

event to happen (participants find the definition), it will be easier to exp1ain the event in

terms of the hazard function.
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Hazard is the reciprocal probability of survival. Wh~n there are no survivors, the

hazard is fully realized. At the outset, when everyone is a survivor (i.e., no one has yet

found the definition), no hazard has yet been realized..The hazard function depends, in

general, on both time and a set of covariates. The proportional hazards model (Cox,

1972) used in this study separates these components by specifying that the hazard at time

t for an individual whose covariate vector is x can be written as:

h(t;x) = ho (t) exp(PX)

In this model the impact of an explanatory variable (predictor) x is exponentially

related to the baseline hazard function (ho). In other words, hazard at time t, for a given

value ofx equals baseline hazard times exponential of ~x, where ~ is the regression

coefficients for x. The baseline hazard function is the hazard function for an individual

for whom all values of explanatory variables take the value of zero. The higher the value

ofexponential ~, the higher is the hazard and the more chance of finding ETM.

In this study we were primarily interested in determining whether the distribution

or patterns of the dependent variable (response times) in one group differed from that of

another. Second, can this difference be modeled? It is important to note that, as a

requirement for the model, it was necessary to clearly define the criteria that specify the

occurrence of the outcome of interest, in this case the exact time that the participant

found the definition. Due to the participants' differing strategies and attributes, sorne will

find it sooner than others. The criterion in this study was the time that the first definition

of Expository Teaching Model was retrieved. Specifically, it was important for the

participant to notice at least one aspect of the definition. For example, Intermediate 2 met

the criteria when she said, "Expository really promotes using lectures as a style of

teaching" and Novice 7 said, "1 think we struck goId, this method can teach and address

[a] large nwnber of the students, ignoring individual differences."
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Chapter 3: Results and Discussion

The results are presented in three sections, addressing each of the three research

questions in turn. The first section addresses the question of differences in the patterns of

search among users with varying degrees of expertise. Based on in-depth analyses of

verbal protocols from participants in three groups, novices, intermediates, and experts,

this section attempts to draw a picture of a typical information seeker from each group.

This question is explored primarily descriptively but at times the results ofquantitative

analyses are interjected to strengthen the points.

The second section addresses the relationship between users' strategies and timely

success of the search. Based on results of performing survival analysis on the data, this

section attempts to identify the strategies and attributes that have an effect on timely

success of the search. Timely success was defined as finding a definition of"Expository

Teaching Model (ETM)" in less than 30 minutes, assuming that sorne will find it sooner

and sorne will find it later. In this section, level of expertise is defmed, not by a priori

categories ofnovice, intennediate, and expert, but by participants' choices of strategies

that helped them find ETM more quickly than others. The strategies and attributes were

those that were associated with timely success, regardless of the group, and were

determined after examination of the data.

The third section proposes a predictive model of success based on the effect of

those strategies and attributes that were identified in the previous sections.

To measure the reliability of coding, three profiles were chosen at random, one

from each group. Despite the difficulty for the second rater to code without having

listened to the tape, and unaware of voice connotation, the percentage ofagreement was

80% for level 3 and 85% for level 1 data.
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Does the Level ofExpertise Impact on How People Search?

The first research question addresses the possibility of differences in search

patterns or processes among users with varying degrees of expertise in Web searching.

Although expertise can be represented across a continuum, the participants were

categorized into three broad categories and a variable called Group was created with

three values: 1 = Novice, 2 = Intermediate, and 3 = Expert. The data gathered from these

groups respond to the question at the most aggregated level (level 1). It is sufficient to

look at the six strategies to find differences; therefore the principal results are expressed

in terms of level 1 data. Level 2 and level 3 data will be used to illustrate and elaborate on

the meaning oflevel1 data. For a comparison ofthese six strategies, see Table 4.

Numbers are total frequencies of codes used for each strategy.

Table 4

A Comparison ofThree Groups Broken Down by Strategies

Participant Evaluation Navigation Affect Meta- Cognitive Prior
cognitive Know1edge

Novice 176 (10%) 632 (35%) 451 (25%) 76 (4%) 441 (25%) 19 (1 %)

Intermediate 156 (9%) 534 (30%) 370 (21%) 151 (8%) 524 (30%) 34 (2%)

Expert 253 (12%) 596 (27%) 438 (20%) 149 (7%) 686 (31 %) 253 (12%)

Analysis of variance (ANOVA) was performed on level1 data to look at group

differences and effect sizes. For results see Table 5. In addition to ANOVA, in order to

determine the strength of the relationships among variables, Pearson correlation

coefficients were ca1cu1ated on aIl three leve1s of data. AlI the reported significances are

at the .05 level and two-tailed. For tables 6 to Il, numbers in column two (level1

analysis) are for either ANOVA or correlation, numbers in columns three and four are the

actual value of correlation coefficients (r).
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Table 5

Results ofAnalysis ofVariance and Effèct Size on Six Strategies

Strategy Source dl F P

Evaluation Between Groups 2 0.98 0.387 0.27

Within Groups 26

Total 28

Navigation Between Groups 2 0.14 0.870 0.11

Within Groups 26

Total 28

Affect Between Groups 2 0.11 0.901 0.09

Within Groups 26

Total 28

Metacognitive Between Groups 2 3.84 0.035 0.48

Within Groups 26

Total 28

Cognitive Between Groups 2 3.95 0.032 0.48

Within Groups 26

Total 28

Prior knowledge . Between Groups 2 4.12 0.028 0.49

Within Groups 26

Total 28

Evaluation

The first of the six strategies to be examined in detail is Evaluation. One of the

key elements of any search is that the information seekers must be able to correctly judge

the relevance of the sources they find with respect to the task at hand. The evaluation of

sources is affected by the participants' prior knowledge and ability to monitor the
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application ofthat knowledge. Novices were different in this regard from the outset.

When the participants were asked in the Background Questionnaire to list the three most

important criteria to judge a site (the anticipated correct answer was authorship, currency,

and content), half of the experts and half of the interrnediates correctly listed them and

the other half named at least two of these criteria. Only half of the novices cited one

criterion, one novice sited two criteria, and the rest would judge a site based on its

appearance, graphics, looks, etc. When it carne to applying their knowledge, the

difference was striking; 70% of interrnediates and 80% of experts made use of their

knowledge by applying it to evaluate a site whereas only 20% of novices actually applied

their knowledge or clearly talked about it (variable 1.1.2).

There is a high correlation between Evaluation and Metacognitive strategies (r =

.66,p < .001) that supports the assertion that the ability to evaluate is part of

metacognitive abilities. Significant correlations at level 2 data between Reflection and the

use of Criteria (r = .48, p = .003) and between Monitoring and the Use of Criteria (r =

.53, p = .008) tell us that use of Criteria is an important contributor to the level of

correlation between Evaluation and Metacognition. Evaluation is also significantly

correlated with prior knowledge (r = .60,p = .001) suggesting that, in order to be able to

use evaluation, one should be aware of the evaluation criteria and able to articulate and

apply that knowledge. Lack of knowledge (or perhaps bias) about the Google search

engine caused Novice 1 not to go to Google right away because she said, "of the topic

that had to do with education." In her mind, Google would not have education-related

materials. Expert 2, on the other hand, retrieved a document that was called "Expository

Teaching and Reception Leaming" and, without even scanning the document, she

commented, "1 found a document that answers the question, so l'm done." She had not

found a satisfactory definition of Expository Teaching Model. Most experts spent time

reading and understanding the text they wanted to evaluate. They also made sure they

understood what Expository Teaching Model meant before settling on a definition.

Experts and interrnediates typically first read the document and ended up evaluating more
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sources positively after they had read it, whereas novices evaluated more negatively just

by scanning the content or having a dislike for how a certain Web site looked.

From the category of Evaluation, the most important variable that set experts and

novices apart was Criteria to evaluate a site.

Table 6

Significant Results for Evaluation: Comparison ofThree Levels ofData

Strategies Level 1, ANOVA Level 2, Correlation Level 3, Correlation
and Correlation

Evaluation

ANOVA - Not Sig. Criteria & Results:.40 Criteria & Neg_4: .58

Correlation: Criteria & Other: .40 Criteria & Possess:

Metacognitive: .66 Criteria & Ref: .48 .45

Prior knowledge: .60 Criteria & Mon: .53 622 & Criteria: .42

Word: .41 Criteria & Dom: .40

Find: .37 Source & Other: .47

Source & Ref: .54

Source & Mon: .59

Source & Domain: .53

Source & System: .46

Other & Domain: .49

Other & System: .50

S_eng & Domain: .40

Result & 0 load: .52

Result & Ref: .41

Result & Mon: .41
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Navigation

Novices spent more time interacting with the system than engaging in any other

strategy. For intermediates, Navigation and Cognition tied as the most used strategies. In

comparison, experts spent most of their time in Cognitive activities. At level 1 of the

data, Navigation correlated only with one other variable, namely, Satisfaction (r = .42,p

= .03). Participants who used more Navigation strategies were more satisfied with the

results of their search. Since novices navigated more, it seems that there is a certain

point-and-click without evaluation, which gives them the impression that they are

effectively searching the Web and brings them satisfaction. The reverse was true for

experts. Expert 6 who found the definition after only 12 minutes was not happy with the

results of his search because, he said, "1 feel there was something out there, 1 was in the

right direction but 1was looking for a site dedicated to that topic."

The participants' choice of search engine was also different. Only 20% of novices

used Google compared to 70% of intermediates and experts. MSN, Yahoo, DogPile, and

Northem Light were the participants' second choices. Novices used the Back key more

often than the other groups but the difference was not significant. It is interesting to note

that based on the field observations and notes, although aU groups used the Back key,

many times their reasons were different. When novices felt lost and did not know what

else to do, they would click on the Back key, sometimes more than five times to see

where it would take them, hoping to get out of a labyrinth. On the contrary, intermediates

and experts would mostly click on it to get back to where they wanted to go. Their move

was purposeful and intentional, unlike that of the novices whose use of the Back key was

mainly based on trial-and-error.

In order to get to the right site, the participants typed a variety of search terms

with sorne interesting differences. The total number oftimes novices typed "Expository

Teaching Mode1" and any combination ofthese words (e.g., expository teaching,

expository model, or even expository alone) was greater than the total for intermediates

or experts (frequencies = 55, 29, 35, respectively). However, the difference was due to
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the number oftimes they typed variations of"Expository Teaching Model" whereas the

experts' strategy was to use the seareh term as-is before trying different eombinations.

Table 7

Significant Results for Navigation: Comparison ofthree Levels ofdata

Strategies Level 1, ANOVA Leve! 2, Correlation Level 3, Correlation
and Correlation

Navigation ANOVA - Not Sig. Move & Type: 043 Baek & Aeeess: .65

Correlation: Type & Ref:.37 Neg. Baek & Trone: 046

Satisfy: 042 Type & Mon: 040 Neg. 211 & Se 21: .73

T Oth & Search: 042 213 & 527: .44

T Oth & Plan: 040 213 & Seroll: .73

Wait & 0 all: .51 217 & Change: 048

Wait & 0 load: .53 220 & 543: 043 Neg.

220 & Neu 3: 042

220 & Etm: .82

220 & Neu t: 043

Etm & Wait: .40

For example, novices typed "Teaching Mode!" Il times versus zero for

intermediates and twice for experts. Experts and intermediates did not type "Teaching" or

"Moder' alone as a key word at all, whereas novices typed them five times. If an expert

did not type "Expository Teaching Model" as a ~hole, it was not due to lack of

knowledge about the importance ofkeeping the search term together, but due to a

misunderstanding. For example, Expert 7 did not type "Expository Teaching Model" as a

whole right away because she said, "1 thought you [the researcher] have done the. search

and if! do it [type ETM], 1would get it right awayand it will be too easy!" She knew the
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advantage ofusing the search term as-is before trying any ofits truncated forms. In

addition to using the search term as-is and its combinations, all the participants used new

search tenns, too, but experts and intermediates were more likely to add a new word to

any combination of ETM whereas novices more likely introduced a tota1ly new search

tenn. Once the search tenn was submitted, the novices and intermediates were more

impatient than experts for a response from the system. Four novices and five

intennediates did not wait for the site to load whereas all the experts waited patiently for

their site to load. While waiting, novices were more likely to make a comment about the

length ofwaiting period than intermediates or experts. Novice 9 commented, "Oh,

actua1ly it is taking a while to load 50 1don't like that" and clicked on Stop button. This

lack of patience was a common characteristic among novices: 60% ofthem reported

themselves as being impatient compared to 20% for intennediates and 50% for experts.

The interesting contrast is that 100% of the novices to1d the researcher that they do not

put a time limit on their search whereas all the intermediates said they do and half of the

experts 1imit the time they spend searching on the Web. It seems that novices know they

are impatient but they also know their limitations and assume they need a lot of time on

the Web to get reasonable results. They have not yet discovered a routine that will speed

up their search. One-half ofthem said they don't fo11ow a routine in striking contrast to

a11 intermediates and all except one expert who usually have a routine they have found

that works for them, and they stick to it.

There are sorne other interesting, albeit non-significant, correlations that are worth

mentioning between Navigation and sorne other variables. For example, Navigation is

negatively correlated with Metacognition (r = -.20,p = .29); participants who used more

navigation strategies used fewer metacognitive ones as if they were just c1icking and

scanning without much evaluation and metacognitive thinking. Navigation is also

negatively correlated with Prior Knowledge (r = -.17, p = .38), participants who

navigated more knew less or had misconceptions about the domain or the system. For

example, Novice 2 commented, "Ifit's a dot org and l'm looking for something
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educational, 1 might be more motivated to go there." She thought she could differentiate

educational sites by looking at .org at the end oftheir URL. Navigation had negative

correlations with Years of University (r = -.31, P = .10), Years of Experience (r = -.1 0, p

= .62), Information-Seeking (r = -.OS,p = .78), and Web Knowledge (r = -.OS,p = .79).

In other words, participants who navigated more frequently had fewer years of university,

had fewer years of experience, and rated themselves lower on information-seeking and

Web knowledge. As was mentioned before, these were not statistically significant

correlations but they may be worth investigating in future studies.

A variety of strategies were used by the participants to retrieve the relevant sites.

Although not significant, the negative correlation between Metacognitive and Navigation

plus the negative correlation between Prior Knowledge and Navigation appeared to

reveal the effect of these strategies on how participants search. Point-and-click may have

impaired use of metacognitive strategies and brought more disorientation and impatience.

The interplay between Metacognitive knowledge and Prior subject Knowledge influenced

strategy use. Participants with high metacognitive knowledge appeared more capable to

reflect on their actions and be less impulsive and more patient. It also seemed that

novices and experts spent time on different aspects of the navigation. Novice 9 spent nine

minutes in one site alone but would not wait one minute for a site to load; experts were

much quicker to judge the relevance of a site but would patiently wait for a response from

the system.

Affect

Affect was significantly correlated with Cognition (r = .49,p = .007) confirming

the construct validity, as the study of emotions has become an important part of research

in cognitive psychology, referred to as "hot cognition" (Lepper, 1988). This strategy was

present an the time during the search and, as such, it is hard to evaluate its effect in

isolation. What really differentiated novices from experts was seen in the positive

comments of experts and in the frustration of novices. Since there was no significant

difference in mean scores of Affect between the three groups at the most aggregated level
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of data, it seemed that all participants expressed their feelings somewhat equally.

However, ifwe look further at levels two and three, we see that the kinds offeelings

expressed were different for experts than for the other two groups. In order to measure

the total positive statements, a variable called Pos_4 was created. Its value was the total

ofall positive statements made during affect and metacognitive activities (3.1.1 + 3.2.1 +

3.3.1 + 4.1.1 + 4.1.3). Total negative statements were similarly calculated (Neg_4 =3.1.0

+ 3.2.0 + 3.3.0 + 4.1.0 + 4.1.2). The ANOVA between these two new composite

variables and Group variable were calculated. There was no significant difference in how

participants used Neg_4. Experts made significantly more positive statements (F(2,28) =

7.56,p = .003) about themselves and everything else than novices or intermediates. For

example, Expert 1, talking about Google said, "l, 1 like the Google search engine the best

and 1always start with it; it has not let me down yet" and E10 commented: "1 actually

like Scout Report [Archives]." Novice 2, reflecting negatively, said, "WeIl you see 1am

not going to find an answer in the next three minutes." And Novice 4 was disappointed:

"1 don't know, basically some kind of a modei ... but not the one we're Iooking for."

Experts and intermediates also experienced Unfuifilled Expectations (3.2.0) as shown in

the raw data (frequencies = 133, 129, 148, respectiveIy), but perhaps experts'

expectations from the Web were more realistic. For Them, this was business as usuaI, and

they did not take the shortcomings of the Web personally. They ma~e six times more

positive statements towards themselves and their abilities than did novices. Novices, on

the other hand, felt lost, disoriented, and caught in a labyrinth more often than experts, as

shown in the negative significant correlation of Lost with Group (r = -.46,p = .01).

Interestingly, although experts made more positive comments than others, They

themseives were not the most relaxed of the groups. Intermediates were the most relaxed

during the search. followed by novices. Experts reported some nervousness after the

search, perhaps due to the fact that They have been practicing information seeking at their

respective companies for an average ofmore than 10 years. They had acquired routine

skills-and-strategies as a resuit of years of experience to perform a task rapidIy and
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accurately. (For a comparison of routine-reproductive and adaptive-creative experts, see

Syer, lad, Pelletier, & Shore, 2002.) The present task was out oftheir domain and

challenged their flexibility. Intermediates, on the other hand, were recently trained on

how to search in a general domain and had aptly applied their knowledge of information

seeking to the task.

As participants were faced with difficulties fmding the relevant site, They changed

their minds frequently. For example Novice 5 changed her mind without having a c1ear

plan: "Don't seem to be going anywhere. Like 1might go back to Excite and [thought not

completed]. How do 1get back? Or, shall 1just click here or 'mmm.' Maybe 1 should

just. Research. Actually 1might go back to Excite."

Experts changed their minds about a strategy more often than the other two

groups, but their actions seemed more purposeful and usually a result of considering

where They were and what their plan was. For example, Expert 9 wanted to change

strategies but decided to click on "tips" and get advice on how to search to make sure she

was not missing important information. She said, "What about, oh no, 1 will go back to

Britannica and will look at models. No, 1 guess 1could go on on the tips [clicks on tips

and advice on how to search] just to see ifl'm researching [right]." Or Intermediate 7

who said, "So 1 guess, OK, maybe 1will try Google again. Wait, wait, wait, there is going

to be sorne kind of. l'm going back to the electronic BACK to the library homepage [by

cutting the rest of URL in location]. 1wonder if anything, ha, electronic reference shelf

house." Expert 10 said, "1 could try going back to the just cutting down the URL to

University of Calgary but one, it could take more time, and, 1 didn't look yet at others."

AlI three groups expressed their Positive and Negative Feelings about themselves

and everything else throughout the process. However, experts and intermediates were

more generous with Positive statements whereas novices felt more lost and changed their

mind, without having a clear option, just to see what will happen next.
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Table 8

Significant Results for Affect: Comparison ofthree Levels ofdata

Strategies Level 1, ANOVA Level 2, Correlation Level3, Correlation
and Correlation

Affect ANOVA - Not Sig. Person & Expect: .44 310 & 322: .55

Correlation: Person & Planning: .47 310 & 532: .46

Cognitive: .49 Expect & Rdg: .43 310 & Srch: .41 Neg.

Satisfy: .38 Expect & Plan: .54 310 & Neu t: .56

o all & 0 load:.42 320 & 322: .45- -
320 & 532: .49

320 & Neu 3: .47

320 & Neu 3: .53

321 & 526: .46

321 & Etm: .37 Neg..

321 & Rdg: .46

322 & 527: .45

322 & Neg_3: .61

322 & SeroU: .47

322 & Trunc: .55

322 & Neg-t: .48

Pos_4 & Group: .54

Pos_t & Group: .41

Metacognitive

Among the six strategies examined, Meta~ognitive was one ofthe three strategies

for which the ANOVA was significant in the search process. Participants who used more

Metacognitive strategies reflected more on themselves and on the search process, and
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monitored their own cognitive processes and the progress of the search more frequently.

Intermediate 7 put the task paper on the keyboard in front of her and thought the task was

not easy: "I1's not an easy exercise." Intermediate 4 was the only one who took his pocket

watch out and kept more than one search sereen open at the same time. He did not give

up until he was 100% sure. Intermediate 6 monitored his progress by making sure he did

not stray off the topic, "WeIl this is getting off a little bit." Expert 1 was fully aware of

her limitation when she said, "This is an area that l never, l never know, l have no

knowledge of it whatsoever." Expert 2 reflected on her knowledge by saying, "1 don't

have a frame of reference to figure out whether, what l'm looking at is actually is going

to explain the concept to me." An ANOVA on levell data showed that there was a

significant group difference on the use of Metacognitive strategies (F(2, 28) = 3.84,p =

.04). In order to find out where this difference lay, a contrast was used and the results

showed that (assuming equal variances between means of the group) novices used

significantly fewer Metacognitive strategies than intermediates (t(26) = -2.6, p = .02) or

experts (t(26) = -2.2, p = .04). There was no significant difference between intermediates

and experts. For complete ANOVA results see Table 9.

The strong correlation between Metacognition and Evaluation strategies discussed

previously explained why sorne researchers included evaluation as part of Metacognition.

The significant correlation between Metacognitive and Prior Knowledge (r = .54, p =

.003) showed that participants who used metacognitive strategies also possessed more

Prior Knowledge. The interplay between metacognitive strategies and Prior Knowledge

was confirmed by the significant correlations between Reflection and Domain knowledge

(r = .45,p = .01), Reflection and System Knowledge (r = .41,p = .03), Monitoring and

Domain Knowledge (r = .45,p = .01), and between Monitoring and System knowledge (r

= .55,p = .002). Since there was not a significant difference in mean scores of Reflection

strategies between the three groups, it was concluded that the difference in Metacognitive

strategy between novices and experts was due to the difference in their Monitoring

strategies. Experts monitored themselves and the search process better than did the others
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(r =.48, p = .02). They were in control by having their finger on the pulse ofhow they

were (i.e., self-monitoring) and also how the search was progressing. For example,

Expert 6 dismissed a site saying, "It's not where 1want to be" as if he knew or had a

mental model ofwhere he should he. He compared where he was with where he should

be and concluded that he was in the wrong place.

Older participants used more Metacognitive strategies (r = .38,p = .04,) and

participants who ranked themselves higher on Information-Seeking Knowledge also used

more Metacognitive strategies (r = .41, p = .03). Satisfaction had a negative correlation

with Metacognitive strategies (r = -.38,p = .05). Experts were less satisfied with their

search results. For example, Expert 5 found a definition after 14 minutes, but said, "1

think that is pretty much an answer but more than one would be nice" and she went back

for more definitions. This strategy proved to he fatal for Expert 2 who found the relevant

site, but said, "1 don't want to spend an hour reading a document" and went to another

site. At the end of the session when 1 asked her why she did not read the whole text, she

told me "1 never trust the first thing 1 find, never."

Table 9

Significant Results for Metacognitive: Comparison ofthree Levels ofdata

Strategies Level1, ANOVA Level 2, Correlation Level 3, Correlation
and Correlation

Metacognitive ANOVA- .04 Ref & Mon: .86 Find: .61

Correlation: Ref & Domain: 045 Age: .38

Evaluation: .66 Ref & ~ystem: .41 Info-seeking kn.: Al

Prior knowledge: .54 Monitor & Domain: 045 Satisfaction: -.38

Monitor & System: .55
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Cognitive

Experts spent more of their time in this strategy than in any other (31 % of total).

An ANOVA showed a significant difference in mean scores on Cognitive strategies

between the three groups (F(2, 28) = 3.95,p = .03). In order to find out where this

difference occurred, a contrast was used and the results showed that novices used

significantly less Cognitive strategies than experts (t(26) = -2.8,p = .01). There was no

significant difference between novices and intermediates or intermediates and experts.

Experts used Search strategies significantly differently than others (F(2,28) =

4.17,p = .03). While searching, they changed their strategies more frequently but also

had the highest score for knowing the rationale behind what they wanted to do next.

Expert 3 said, "OK, fine, so that strategy is not going to work." Expert 4 gave a reason

for changing the search key: "OK, I just want to do the same search but without model

and see ifI can get anything." Expert 2 changed search engines because "Ijust try to get

a different kind of search engine to see if I can just put a different twist on the top of it

because the other guys are all throwing the same document at me over and over again."

None ofthe participants relied on Memory as a strategy. When asked later, they said they

would normally either write their search results up, or print them.

One of the most important search strategies was using the Ctrl F key (Find) to

find a word in a text. Experts used this strategy more often than novices did (F(2,28) =

3.51,p = .05) but the interpretability ofthis significance is in doubt because the

assumption ofhomogeneity of variance was not met. Only one of the novices used this

strategy and most of them did not even know about it. Halfof the intermediates and 70%

of experts frequently used Ctrl F to search for a term. Expert 5, in particular, used it in an

efficient way as she explained, "however to find out [a definition] I will have to sit in

here and read this thing or I could go to the edit Find on this page [typed "defin"], now I

have got defin and it will find either definition or not [define or definition]."

Within Cognitive, the next significant strategy was Planning (r = .47,p = .01).

Among the different variables in planning, experts significantly expressed their Intentions



Web Search and Expertise 61

to either navigate (r = A2,p = .02) or take Another Action (r = A3,p = .02). Expert 9

expressed her intention to be faster: "This time 1 won't be. 1'11 1will check right away if

there is phrase searching."

Table 10

Significant Resultsfor Cognitive: Comparison ofthree Levels ofdata

Strategies Level l, ANDVA Level 2, Correlation Level 3, Correlation
and Correlation

Cognitive ANüVA- .03 Search & Plan: .60 513 & 543: 045

Correlation: Search & Track: .57 513 & Criteria: 042

Affect: 049 Plan & System: AD 526 & Pos 3: .52

Word: .68 Plan & Group: 047 526 & Error: .54

526 & Pos t: 048

527 & Neu 3: AD

527 & Scroll: 047

527 & Wait: 044

531 & Group: 043

531 & 532: .51

531 & Word: Al

531 & Change: Al

532 & Group: 042

532 & Neg_3: .60

532 & Neu 3: 042

532 & Neg_t: .57

532 & Neu_t: 045

543 & Etm: AD Neg.
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Novice 4 planned to click on a site: ''l'm going to Timothy series" and N3 said,

"There is this one article that has come up with all the search engines that 1haven't

looked at so l've decided l'm going to look at it."

There was not a significant difference in Reading, how to keep Track of Search,

Curiosity Stop, and use of Metaphors between our groups of participants. One of the

important cognitive strategies, namely, Linking New Knowledge to old was used more

often by intermediates and experts than by novices and is worth investigating in future

studies.

Prior Knowledge

Similar to Metacognitive and Cognitive strategies, Prior Knowledge was

significantly predictive ofhow participants searched for information on the Web. Experts

had higher Prior Knowledge than other groups (F(2, 28) = 4.l2,p = .03). The difference

was primarily between Prior Knowledge ofnovices and experts (t(26) = -.2.8,p = .009).

There were no significant differences between Prior Knowledge ofnovices and

intermediates or between Prior Knowledge of intermediates and experts. As none of the

participants had Prior Knowledge about Expository Teaching Model (Domain

knowledge), the level of System knowledge had a significant influence on strategy use (r

= .50,p = .006). Inadequate System knowledge limited the use of the system. As Novice

9 admitted, "1 know there is sorne way of searching on the Internet., 1 think you can

search keywords and then move on to the area but 1don't know that, l'm not an advanced

searcher." Novice l 's comments reflected on novices' lack of trust in what they knew: "1

don't know, to see ifevery definition is more or less the same or there is [sic] large gaps."

Experts were also faced with their knowledge limitations but They usually expressed these

as a matter offact, as Expert 6 said, ''l'm not really familiar with that [MSN home

page]." Most of the participants did not take advantage of the help key that is provided by

aIl search engines. Intermediate 3 was the only participant who used AltaVista's "cheat

sheets." In order to check the significance of total Prior Knowledge, i.e., Domain and

System knowledge together, a variable called Possess was created by adding the three
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values of variables 6.1.2 + 6.2.2 + 6.2.3. Experts used more Possess than others (F(2,28)

= 3.97, P = .031), but the interpretability ofthis significance is in doubt because the

assumption ofhomogeneity of variance was not met. Participants with higher Prior

Knowledge were older (r = A7,p = .01), had more job experience (r = A3,p = .02), and

spent more hours a day in front of a computer (r = .50, p = .006).

Table Il

Significant Resultsfor Prior Knowledge: Comparison ofthree Levels ofdata

Strategies Level 1, ANDVA Level 2, Correlation Level 3, Correlation
and Correlation

Prior ANüVA- .03 Domain & System: Al 622 & Group: .54

Knowledge Correlation: System & Track: 040 622 & Pos 3: Al

Evaluation: .60 622 & Pos 4: .65

Metacognition: .54 622 & Lack: .58

Word: .56 622 & Pos t: .51

Possess & Group: .48

Age: 047

Job: 043

H/day: .50

Participants' Attributes

As can be seen in Table 12, there was a significant mean score difference between

the three groups. Although experts were more educated, had more job experience and

higher computer and information-seeking knowledge, they expressed a certain amount of

anxiety even after finding the relevant data. Novices, on the other hand, did not find as

many good sites as experts, and felt lost more frequently, but they were more satisfied

with the results of their search.
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Table 12

Results ofAnalysis of Variance and Effect Size on Participants' Attributes

Variable Source df F P 1]

Age Between Groups 2 4.78 .017 0.74

Within Groups 26

Total 28

Year Between Groups 2 9.16 .001 0.65

Within Groups 26

Total 28

Experience (Total) Between Groups 2 9.10 .001 0.64

Within Groups 26

Total 28

Experience (This job) Between Groups 2 12.23 <.001 0.72

Within Groups 26

Total 28

Computer knowledge Between Groups 2 5.51 .010 0.55

Within Groups 26

Total 28

Info-Seeking Between Groups 2 8.17 .002 0.62

knowledge Within Groups 26

Total 28

Web knowledge Between Groups 2 6.02 .007 0.56

Within Groups 26

Total 28

H/day on computer Between Groups 2 30.44 <.001 0.84

Within Groups 26

Total 28

H/day on the Web Between Groups 2 5.43 .011 0.54

Within Groups 26

Total 28
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Is the Use ofCertain Strategies Associated with Success?

The second research question addressed the possibility of a relationship between

strategies and attributes and timely success of the search on the Web. Success was

defined as finding a correct definition of Expository Teaching Model within 30 minutes

and timely success was defined as finding it relatively sooner within that period. In other

words, data responded to two questions: (a) whether the event happened (Did the

participant find the definition?), and (b) when did the event happen (How long did it take

to find the answer?). For this question, the data were analyzed using survival analysis

(Cox, 1972), more specificaIly, the Cox Proportional Hazard model. In this model the

impact of an explanatory variable (x) is exponentially related to the baseline hazard

function. After exploring aIllevels of data, the following explanatory variables (Table 13)

were found to have a significant relationship with timely success of the search.

Results for the first research question had indicated that experts outperformed the

other two groups on three strategies: Metacognition, Cognition, and Prior Knowledge.

However, with regard to the second research question, when aIl the participants were

pooled together, results of the survival analysis showed that several variables, listed in

Table 8, from aIl three levels of data, had a significant impact on finding a correct

definition of Expository Teaching Model. In this analysis, a good strategy could have

been employed by a novice or an expert. At level 1 data, the two most important

strategies were Evaluation (Beta = .03, p = .04) and Metacognition (Beta = .07, p = .004).

The only two novices who found the definition ofETM, i.e., Novices 2 and 7, made the

two highest numbers of Evaluation and Metacognition statements in their groups. Novice

2 showed her clear evaluation criteria when she said, "So 1 also sometimes look at who

made the site, when 1 see things about advertisers, 10 cents, 1 am less inclined to look at

thern." The other novice reflected on the content of sorne Web pages and said, "How can

they make Web pages like that where like [there is] information on nothing?" She was

also aware of the effect of verbal protocols on her performance when she commented,

"I1's hard to talk and think of what l'm trying to say, very difficult."
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perfonnance when she commented, "It's hard to talk and think ofwhat l'm trying to say,

very difficult."

Table 13

Summary ofCox Survival Analysis Results: Significant Variables

Level Variables Beta Standard df p Exponential
Error Beta

Levell Evaluation .03 .02 1 .04 1.03

Metacognition .07 .03 1 .004 1.08

Level2 Use of Criteria .14 .05 1 .007 1.15

Source .06 .03 1 .04 1.06

Typing -.28 .12 1 .02 0.76

Reflection .11 .04 1 .007 1.11

Monitoring .19 .06 1 .002 1.21

Level3 Content .10 .05 1 .04 1.11

Criteria .15 .05 1 .007 1.16

Pos 3 .09 .04 1 .008 1.10

Attributes Info-seeking .62 .30 1 .04 1.86

Age .05 .02 1 .05 1.05

Feeling lost -1.41 .65 1 .03 0.25

The importance of evaluation and Metacognition tells us that regardless of other

strategies and attributes that helped experts bec0!lle more successful on this task, if

infonnation seekers evaluated and monitored much as experts did, their chances of

success would increase.

Exploring level 2 data, there were five variables that had a significant impact on

hazard function. The two categories that made evaluation significant were Use of Criteria
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address right on to decide to choose or not because depending by what type of address

they have, what ending it is, whether it is .org or .edu or you know there is new ones

.TV." It is interesting to note that Novice 2 had the highest score in 1.1 but Novice 7

scored zero. This was compensated by variable 1.2 (Evaluation of one source) where

Novice 7 scored more than twice as highly as Novice 2.

Since Evaluation and Metacognition are intertwined, it was not surprising to see

that both categories within Metacognition, i.e., Reflection and Monitoring, also had

significant relationship with the success of the search. Participant 2 had the highest

number of metacognitive strategy statements in his group, for example, "Let me think,

none of these are what 1 want. OK l'm not really finding anything else here."

The surprising variable that had a significant relationship to success at level 2 was

Navigation, specificaIly, Typing the search term (ETM) or any of its combinations (2.2).

Navigation at level 1 was not significantly related to success, perhaps due to the fact that

navigation scores were aggregated with other values and that their total was not

significantly related to success. We found that typing the search term either as-is or in

truncated form improved the chances of success more than typing a new search term.

However, in survival analysis results, the negative Beta shows that more navigation, and

specifically typing the search term and its combinations more often, had a negative

relation to the success of the search, that is, it reduced the chances of success.

ln order to further explore the effects of level 2 variables, several composite

variables were created by combining groups of level 3 data. The variable Criteria was the

sum of 1.1.1 (Tacit Criteria) +1.1.2 (Clear Criteria) +1.1.3 (Surface Criteria). It was

significantly related to the success of the search. Among aIl the variables that comprise

Evaluation, Use of Criteria (l.I) proved to be most related to the success of the search.

Another surprising significant variable was 5.2.6 that was defined as "when user

is inside the site and reads the Content thoroughly (instead of scanning it quickly)." For

example, Intermediate 8 spent six minutes in one site, and Intermediate 9 read one site

thoroughly before moving to the next.
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The last strategy that was significantly related to success was a composite variable

called Pos_3. The value for this variable was the sum of three positive feelings when they

expressed them toward themselves, the search, or the overall task: 3.1.1 (Personal) +

3.2.1 (Experimental) and + 3.3.1 (Overall). It had a significant relationship with the

success of the search. Among participants' attributes, older participants were more

successful. There was no gender difference and training was not significant either.

However, more years of university were significantly related to success and knowledge

of information seeking proved to be more important than computer knowledge.

When conducting a successful search on the Web, therefore, the searcher (a)

clearly used criteria to evaluate the sites, (b) did not navigate too much, (c) reflected on

strategies and monitored progress, (d) had background knowledge about information

seeking, and (e) approached the search with a good attitude and enjoyed the process.

Can a Successful Search on the Web be Modeled?

The third question examined whether a successful search on the Web can be

modeled. That is, using the findings of the previous section, can we obtain a model that

can be used to describe the dependent variable t.

The outcome variable considered in this analysis was the time it took participants

find a definition of ETM on the Web. To investigate the effect of the explanatory

variables on the outcome variable and to build a model for the data, the significance of

each individual variable on its own was first tested. From the answer to the second

research question, we know that there were 13 variables from allieveis of data that had a

significant relationship with the time to complete the task. To reveal which variables

were most reliable in the presence of other variables, the 13 variables were entered into

the Cox model together, and similar to the backward elimination technique in regression,

the effect of omitting each of the variables in the model was evaluated. Level 1 variables,

Evaluation and Metacognition, were not entered because they were represented by levels

2 and 3 data. Evaluation was represented by 1.1, 1.2, and Criteria; Metacognition was

represented by 4.1 and 4.2. A subset of significant variables that remained in the Cox
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model was identified. This final survival model contained only statistically significant

variables.

In the final count, three variables, namely, Information-Seeking Knowledge,

Criteria, and Typing search term were left. These variables together have a significant

relationship with the success of the search.

Table 14

Information-Seeking ModeZ

Variables Beta Standard df p ExponentiaZ
Error Beta

Information-Seeking Knowledge .502 .298 1 .092 1.652

Criteria .133 .059 1 .025 1.142

Typing search term -.305 .139 1 .028 .737

This model that represents the pattern of search by experts is derived entirely

empirically from the data. The variables are, in order of impact, to conduct a successful

search on the Web, the information seeker is expected to possess high information­

seeking knowledge, know the criteria and clearly use them to evaluate sites, and refrain

from too much navigating (especially typing search terms too often).

Figures 1 and 2 give the graphs of survival and hazard functions for the above

model at the mean of covariates. That is, in these graphs the value of Information-seeking

knowledge is fixed at its mean (3.72), value of Criteria is fixed at its mean (3.59), and

value of Typing search term is fixed at its mean (4.10). The survival curve shows the

proportion ofparticipants who did not find the meaning of ETM at the outset, 10 minutes,

20 minutes, and up to 30 minutes. The hazard function shows proportion of participants

who found the meaning ofETM.
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Figure 1. Survival function at mean of covariates.

These graphs describe the impact ofuse of information seeking, Criteria, and

Typing on the outcome ofthe search. For example, an information seeker whose values

of the top three variables are 3.72, 3.59, and 4.10 respectively, as in Figure 1 and 2, has

about 25% chance of finding the definition at 20 minutes.
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Figure 2. Hazard function at mean ofcovariates.
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Chapter 4: Summary and Conclusions

This study investigated the effect of strategies and attributes on information­

seeking processes on the Web. This was a quasi-experimental study in which verbal

protocols were collected from three groups of participants who searched for a definition

of Expository Teaching Model on the Web. The findings will be interpreted in three

sections, each addressing one of the research questions in the context of the hypotheses

and previous research.

The participants were chosen with certain differences in mind and the results

showed that they did systematically differ, but the difference was greater between

novices and the others than between intermediates and experts. Experts had domain­

specifie knowledge (Keating, 1990) and had mastered performance skills specifie to the

content area. The task presented a problem outside their domain of expertise.

Intermediates' principal knowledge, on the other hand, was domain-general, an outcome

of their initial professional education. A quick look at the content of the Web courses

they were taught in their Master of Library and Information Studies degree revealed that

they received common Web Training, but they also entered graduate school with highly

diverse undergraduate backgrounds. Their cumulative GPA minimum was 3.0, the

dropout rate was low, and their motivation was high. Of their eight core courses, six dealt

with information and two specifically with on-line searching. Almost all students had

summer internship experience in their field. Novices' knowledge about the Web, in

contrast to both intermediates and experts, was un-integrated and scattered. There were

no compulsory technology course in their curriculum, eight out of 10 reported personal

interest as the prime motive for learning how to use the Web. Their lack of knowledge

about ETM showed that this topie was either not covered or perhaps was covered early in

their education and forgotten.

The first research question addressed the possibility of differences in search

patterns among users with varying degrees of expertise. This study confirmed the
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hypothesis that experts' patterns of search on the Web are different from novices. The

most significant differences were found in the cognitive, metacognitive, and Prior

Knowledge categories. Within cognitive strategies, experts used different kinds of

planning strategies and they expressed their intentions to either navigate or take another

action. Differences in the use of trial-and-error were not significant.

These results echo research done by Hill and Hannafin (1997) in which

participants on a Web search chose their own topics. Those who used metacognitive

strategies and possessed a broader knowledge base were more successful and experienced

less disorientation than those who did not. Land and Greene (2000) also reported similar

results: Use of metacognitive strategies and possession of domain and system knowledge

were critical to the success of the Web searching.

Use of the Rack key as a popular command among participants was also found in

other studies such as Catledge et al. (1995), Rumpradit (1998), Tabatabai and Luconi

(1998), and Tauscher and Greenberg (1997). Novices use backtracking to see where it

will take them, hoping to get out of a labyrinth and find a comfort zone. On the contrary,

intermediates and experts use it to go where they want to go. Similar to findings of this

study, Cove and Walsch (1988) also found that novices are less patient, and rely more on

trial-and-error. Impatience led them to navigate more, to click more, and to execute

before spending enough time exploring or planning. Novices in this study used the

highest number of navigation moves in the group. Their sometimes aimless clicking was

called "serendipitous browsing" by the above authors. Shore and Lazar (1996) reported

similar findings: A high-IQ school-age group spent relatively more time on exploration of

a complex problem, whereas a control group was anxious to start executing the solution

steps.

In terms of knowledge and memory, the novices were at a disadvantage. Many

studies found that experts have better memory, more prior knowledge, and more know­

how to use it (Coleman & Shore, 1991; Shore & Kanevsky, 1993; Tabatabai & Luconi,

1998). Despite their lack of knowledge, novices in this study did not use the on-line help
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at aIl. Large and Beheshti (2000) were also surprised to find that "In fact, on-line help

was almost totally ignored" (p. 1077).

Although there was no overall difference between groups vis-à-vis affect, it had

an umbrella effect on the search process. To borrow terminology from cognitive science,

the difference between the groups was in "meta-affect" or awareness of one's feelings.

Experts were more aware of their feelings, were not surprised by them, and relied on

them for modifying their own perceptions. Their positive outlook on the search gave

them patience to wait for a response from the system.

Novice participants move through the stages of information-seeking processes

making relatively random choices and using their knowledge to navigate the system, but

typically do not successfully reach their goal. Intermediates and experts, in contrast,

integrate responses from the system with their own knowledge and monitor their

decisions, changing their strategies as needed.

The second research question addressed the effect of certain strategies and

attributes on the timely success of the search. Level 1 data revealed that timely success of

the search was associated with the use of Metacognitive and Evaluation strategies. These

findings are in line with prior findings that one of the characteristics of experts is that

they finish more tasks, are more efficient, and make fewer mistakes (Coleman & Shore,

1991; Lazonder et aL, 2000). These results confirm part of the hypotheses that

Metacognition is associated with success but refutes the association of success with Prior

Knowledge.

The third research question was an attempt to model the successful search on the

Web. It was hypothesized that there are certain strategies and attributes that impact upon

the outcome of the search and these factors can be modeled using survival analysis

methods. The data and design by themselves did not support a causal conclusion, but the

model helps to initiate a conversation about causality. The hypothesis was confirmed and

a causal or partially causal model that is consistent with the data and included three

factors (Information-seeking knowledge, Criteria, and Typing search term) was created.
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The fact that only three variables (from a list of 13 significant variables) were in the

model may be due to the similarity between intermediates and experts. According to this

model, possession of Information-Seeking Knowledge, Use of Criteria to evaluate sites,

and refraining from too much navigation are associated with success. This survival model

is based on a unique process and it is difficult to compare it to the other models reviewed

in Chapter 2 because of discrepancies between the models. Marchionini' s Personal

Information Infrastructure is much broader than this model and Huberman' s is based on

laws of probability, not survival analysis. However, this model does share its origin with

Kuhlthaus's (1993) Information Search Process because it incorporated thoughts, actions,

and feelings.

The response to the first research question painted a picture of difference in

patterns of search among experts and novices. The most significant differences were

found in three of the six strategies (Metacognitive, Cognitive, and Prior Knowledge). The

second question explored those differences deeper by looking at the effect of strategies

on the success. Two strategies were found to be associated with success (Metacognitive

and Evaluation). The common strategy found by results of both questions, i.e.,

Metacognitive, echoes conclusions of other studies: Use of this strategy could be one of

the criteria that separates experts from novices.

The responses to the second and third questions revealed that user-centered

studies could shed light on the differences in the Web searching between experts and

novices. Expert participants in this study shared a few characteristics with other experts,

such as, on average, they found the definition of Expository Teaching Model faster, had

higher Prior Knowledge, had different search strategy, and made more metacognitive

statements. Investigating success of the search brought expected and unexpected results.

Metacognitive strategies were associated with success but Prior Knowledge was not.

Modeling the Web search with survival analysis was an effective way to isolate the most

important variables that are associated with timely success of the search.
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Contributions to Knowledge

This study contributes to knowledge in the following areas:

1. The conceptual contribution of this thesis to the field of expert-novice

differences is two-fold. The first part is through the definition of what constitutes

expertise on the Web in arder to create the survival mode!. Traditionally, experts and

novices have been defined either by personal attributes or measures such as hours of Web

use. The researchers then compared experts and novices as two distinct and well-defined

groups, and reported the differences. In this study, expertise in information seeking has

been defined as a continuum of observable strategies that encompasses novices,

intermediates, and experts. In this manner, strategies and attributes of experts are

objectively identified and related to the outcome of the search.

The second unique contribution is achieved by creating a model that begins to

explain users' behavior beyond their idiosyncratic differences. This model is a unique

contribution because it is the first time that these factors are brought together to create a

model that could describe or possibly predict a user's Web-searching performance.

2. The methodological contribution of this thesis is also two-fold. The first is the

introduction of survival analysis and development of a survival model of Web-searching

strategies and their relative relation to success. It allows a simultaneous analysis of

whether and when a participant finds the required information. The second

methodological contribution is the extensive coding schema that consisted of eight

categories in three levels of aggregation. The codes are numbered instead of labeled, and

have the potential for use in other domains.

3. The practical contribution of this study is to highlight that there are specifie

actions associated with success in Web searching, namely refraining from navigating too

much without thinking, leaming the evaluation criteria and using them to judge the

relevance of one site before making a decision to go to another, reflecting on steps to take

and monitor progress, increasing their background knowledge about information seeking,

and taking steps to prevent getting 10s1. This information may be useful in building
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curricular interventions for novice groups, such as student teachers, and should be a part

of a checklist for the content of web courses designed to train expert Web information

seekers.

Limitations

There are severallimitations to this study. Methodologicallimitations are related

to the use ofverbal protocols to collect data. According to Ericsson and Simon (1993),

because thinking processes are much faster than talking, when participants try to

verbalize, their thinking processes slow down (the automaticity argument). Furthermore,

verbalization can change the decision-making process (interference-competition). With

respect to the sample, the expert participants turned out to be slightly different than we

thought. Their similarity to intermediates may have limited the scope of the mod~l.

Experts were observed in their place of work, but intermediates and novices were not;

this raises issues about generalizability ofresults in the natural environment.

Future Research

Information seeking on the Web is a relatively recent endeavor and research about

it is still in its infancy and in need of development. The participants were chosen with

certain differences in rnind and the results showed that they did systematically differ, but

the difference was more between novices and the others than between intermediates and

experts. Expertise related to domain-specifie knowledge implies a degree of automaticity,

usually in a familiar and repetitive situation. The task in this study presented a problem

known to be outside the experts' and intermediates' specifie domain of expertise. Future

research could explore different kinds of expertise and its effect on seeking information

on the Web. One group of experts could have domain-specifie knowledge (or expert-in­

context as defined by Hoffman et al., 1996), another group, domain-general. The results

of the research could shed more light on what constitutes expertise on the Web. A more

complex task and a longer time to work on it might also help to elucidate the differences

between the experts and intermediates of the present study, and among alileveis of

expertise.
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Appendix A: Glossary

Affect

Attributes

Cognitive

Strategy

Evaluation

Domain

Knowledge

Hot cognition

Hypermedia

Information

Seeking

Intermediary

Intermediate

Emotions and feelings expressed during the search. May be broken

down further into personal feelings and system-oriented feelings.

Varied data on the participants: Age, Sex, Years of University, Major

area of study, Years of experience, Years of teaching (if applicable),

Computer knowledge, Info-Seeking knowledge, Web knowledge,

How they learned to use the Web, Hours a day spent on computer,

and Hours a day spent on the Web.

Mental activities such as thinking, reading, planning, learning,

processing, retrieving, and problem solving.

Assessment of relevancy of sources, search engines, and results.

Knowledge that users have of the broader frame of reference or

organized knowledge. In this study the domain is field ofeducation

Cognition that deals with affect.

Non-sequentiallinked text, sound, and images on the Web.

A purposeful activity intended to change the state ofknowledge.

The search may be carried out by the person who needs the

information (end user), or it may be carried out by an intermediary,

usually a librarian or information scientist who knows the language of

the system being used and can interpret or "translates" the request

into the necessary language.

A person whose knowledge, skills, and abilities are between a novice

and an expert.
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Metacognitive Reflection and monitoring, or self-control/regulation exercised when

Strategy engaged in a cognitive activity.

Move Fine-grained actions, feelings, and knowledge that are consciously

selected, applied, and monitored to solve a problem

Navigation Any action using the mouse or the keyboard, and waiting for a reply

from the system.

Open-Ended Leamer-centered systems that facilitate problem solving by

Leaming Env. supporting leamers' efforts to understand that which they determine

(OELE) to be important.

Prior Knowledge that users have of either the domain or the system.

Knowledge

Quasi­

Experiments

Strategy

System
Knowledge
Tactic

Experiments that have treatments, outcome measures, and

experimental units but do not use random assignment to create the

comparisons from which treatment-caused change is inferred (Cook

& Campbell, 1979, p.6).

One of six processes: Evaluation, Navigation, Affect, Metacognition,

Cogitation, and Prior Knowledge. It is made up of several tactics.

Prior knowledge about the Web and the computer.

Short-term sub-processes that include several moves.
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Appendix C: Equipments and Material

The laptop used was a Dell Inspiron 5000e model with 128 MB ofRAM with a 15-inch

active matrix screen.

A voice recognition software called Dragon Naturally Speaking© was used to transcribe

verbatim. It usually takes about a halfhour to train the software so that it can recognize

our speech patterns. In this study, since the data consisted of29 different voices, the

researcher listened to each participant's voice and repeated the words uttered by mm or

her.

The VCR was a Panasonic PV-8554 with 4 head Hi Fi Stereo Omnivision.

The audio system was a portable Sony with microphone.

Transcriber was a Sanyo Compact Cassette Dictating/Transcribing system.

Researcher' s notes consisted of a Spiro booklet where observations, names and codes of

participants and any questions were recorded.
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Appendix D: Participant Consent Form

This is to state that 1agree to participate in the research project entitled:

Information- Seeking Expertise: Modeling a Web Search. This study is part ofPh.D.

dissertation conducted by Diana Tabatabai in the Faculty of Education, McGill

University. She can be reached at: dtabat@po-box.mcgill.ca for any questions. Her

faculty advisor is Dr. Bruce Shore, and he may be reached at

shore@education.mcgill.ca. 1have been infonned that the purpose of the research is to

investigate how we search for information on the Web. 1understand that participation

in this research is voluntary, anonymous, and confidential. 1may withdraw from

participation at any time for any reason and without any consequences. My

compliance or refusal of participation will not affect my grade or my job in any way.

My responses are confidential and results ofanalysis will be grouped to maintain

anonymity. There is no penalty for not participating or withdrawing anytime after 1

agree to participate. 1understand that procedures of collecting the data are:

1. Filling out a background questionnaire - 5 to 10 minutes.

2. Performing the task. 1 will be asked to search for information on the Web and

talk aloud as 1 search. This session will be audio and video-recorded for later

analysis. If 1 want, transcripts will be sent to me for feedback and final

approval. This part takes ~ hour.

3. Semi-structured interview following the data collection - 10 to 15 minutes.

It is anticipated that the entire time requirement will be approximately 1 hour

scheduled at my convenience. There are no foreseeable risks except getting tired. 1can

take a break anytime. Refreshments will be available. The personal benefits for

participation include receiving feedback from the researcher on my search strategies,

learning about how my peers use the Web, and a chance to receive a McGill mug. The

researcher will be the only one with access to infonnation collected on the identity of

participants. l have carefully studied the above and understand my participation in this

agreement. 1 freely consent and voluntarily agree to participate in this study

Name:

Signature: Date: _
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Appendix. E: Background Information Questionnaire

Name Age__ Gender

If student: Total # of years of university What is your major? _

Ifworking: Total # ofYears of Experience __Years at present job: __ride: __

Ifteaching: # ofyears ofteaching: __

How would you rate your level of computer literacy? (Please circle only one)

Novice 1 2__3__4__5 Expert

How would you rate your knowledge of information seeking? (Please circle only one)

Poor 1 2__.3__4__5 Excellent

How would you rate your knowledge ofthe Web (i.e., creating Web pages, JAVA, etc..)

Poor 1 2 3 4 5 Excellent
----' ---- --

How did you learn to use the Web? Please give as much detail as you cano

1. Self interest (self taught or formal training?)

2. Required (in a course or on the job?)

3. Other (please explain)

On average, how many hours a day do you work with a computer? _

On average, how many hours a day you spend on the Web? _

What type ofbrowser do you usually use?

Do you have a favorite search engine?

1.

2.

3.

What is the first thing you read in a site? _

Give 3 criteria you use to judge a site:

1.

2.

3.
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Appendix F: Post-task Interview Questions

1. How did you feel during the search/how do you feel now?
2. Are you satisfied with the results of the search?
3. Did you feellost or confused at any time? How do you deal with any frustration

that may come as a result of search on the net?
4. How would you finish these sentences?

a. 1learned that...
b. 1was very happy when...
c. 1didn't know that ...
d. 1had the most difficulty when ...

5. Do you have a routine you follow when you search the Web? What cornes
automatic to you without thinking about it?

6. Do you put a time limit for your search?
7. Are you patient? How long do you wait for a site to load? What do you do when

you have to wait?
8. Are there distractions on the Web? How do you stay focused? On task? How do

you deal with curiosity stops?
9. How do you keep track ofyour search?
10. What are your usual sources of information, the Web or the library?
Il. How do you make a decision on which search engine to use? Do you use more

than one search engine?
12. When you are in a site, what are the three most important criteria that help you

judge its quality to separate relevant from irrelevant material?
13. When you get a list of hits, how do you select which one to focus on? What part

do you read?
14. What are the most difficult problems for you when searching the Web?
15. If you meet a Martian today, how would you explain the concept of the Web,

what is it?
16. How would you categorize the problem types most novices face?
17. Where does your understanding of the Web come from?
18. Ifyou were going to do the search again, would you change anything?
19. Was this search a typical (representative) ofwhat you usually do in your everyday

search?
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Code NI N2 N3 N4 N5 N6 N7 N8 N9 NIO Il 12 13 14 15 16 17 18 19 El E2 E3 E4 E5 E6 E7 E8 E9 EIO

1 3 41 23 8 17 9 35 20 16 4 176 19 38 Il 18 9 21 19 11 10 156 49 37 7 33 61 9 8 17 20 12 253

11 0 15 5 0 2 1 0 1 0 0 24 1 12 6 1 0 4 1 0 6 31 8 2 1 16 10 2 0 7 9 2 57

111 6 1 1 8 2 24 4 1 2 1 3 4 15

112 9 3 12 1 10 6 1 3 1 426 3 1 12 8 2 3 5 236

113 2 2 1 1 0

114 2 2 0 1 1 2 1 1 6

0 0 0

12 0 15 12 3 9 6 32 5 13 1 96 11 14 3 9 7 Il 13 6 4 78 27 13 1 10 28 2 4 6 4 7 102

120 1 1 2 1 2 3 1 2 3

121 2 1 1 5 1 10 2 1 3 1 1 1 3

122 4 1 5 3 8 2 2 25 1 1 4 3 2 11 5 2 1 1 4 1 1 1 16

123 4 1 1 4 2 113 2 1 1 1 1 28 5 1 1 7

124 1 1 2 4 2 1 1 1 5 1 2 1 1 5

0 10 4 0 7 5 18 3 6 1 54 5 4 0 1 4 6 5 3 2 30 12 4 1 2 8 2 1 2 1 1 34

125 2 1 3 1 2 2 2 1 8 4 1 5 1 213

126 2 1 6 1 10 3 3 3 4 3 III

127 1 2 1 1 1 1 1 8 3 5 1 3 2 3 2 1 1 21 8 1 6 11 2 1 1 30

128 1 2 1 4 8 1 2 1 4 1 1 1 3

129 2 3 2 1 5 13 2 2 2 2 1 2 1 12 3 1 3 2 1 1 11

0 5 8 3 2 1 14 2 7 042 6 10 3 8 3 5 8 3 248 15 9 0 8 20 0 3 4 3 6 68

13 0 0 0 0 0 0 0 1 0 1 2 0 1 0 0 0 1 0 0 o 2 1 0 0 2 8 0 0 0 0 0 Il

130 1 1 1 1 2 1 3 4

131 0 0 1 1 5 7
132 1 1 0 0

0 0 0
14 0 1 4 0 0 1 1 0 1 0 8 0 0 0 2 1 3 1 0 0 7 1 12 1 0 6 0 0 1 0 1 22
140 1 2 3 1 1 2 8 4 1 13
141 2 1 3 2 1 3 1 2 3
142 1 1 2 1 1 2 4 1 1 6

0 0 0
15 3 9 2 3 6 1 2 13 2 2 43 5 Il 2 6 0 2 3 4 0 33 12 10 4 5 9 5 3 2 7 2 59
150 1 2 1 1 2 1 1 9 2 2 1 1 6 4 4 2 1 5 1 3 20
151 1 3 1 5 2 5 3 1 11 2 2 1 1 2 8
152 2 1 3 1 1 2 1 1 4
153 2 4 2 3 4 9 1 1 26 1 4 3 2 2 3 15 6 4 2 2 3 3 1 2 3 1 27

0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
160 0 0 0
161 0 1 1 0

0 0 0
170 1 2 3 2 1 1 4 1 1 2

0 0 0

2 48 40 44 75 58 43 93 93 84 54 632 85 73 80 42 65 43 67 44 35 534 34 77 62 52 63 81 61 46 64 56 596
21 35 33 37 62 43 40 73 72 66 42 503 67 50 70 29 52 38 57 39 34 436 30 68 56 39 57 63 49 29 43 52 486

210 6 9 8 17 Il 7 29 18 21 16 142 17 15 17 7 15 7 22 14 12 126 7 17 19 12 8 15 13 6 16 10 123
211 1 2 1 1 2 1 1 2 213 4 2 2 1 1 1 2 1 1 15 1 4 1 1 3 1 3 2 1 2 19

212 1 1 2 4 3 3 1 1 1 2 5
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213 6 8 8 18 7 Il 4 9 18 695 7 4 14 5 6 7 6 6 257 4 5 15 10 12 13 9 3 4 Il 86

214 0 0 0

215 0 0 3 7 1 Il

216 1 2 3 0 1 1 1 1 4

217 20 10 15 24 14 17 36 24 23 14 197 35 24 32 15 21 10 24 17 16 194 14 33 18 10 22 25 17 9 20 29 197

218 1 4 2 10 1 18 4 4 2 2 1 3 1 9

219 1 3 4 1 3 2 3 6 1 428 5 5 1 6 13 3 1 337 1 6 5 2 6 5 5 1 31

2110 1 2 3 0 1 1

0 0 0

22 4 1 1 5 6 1 5 15 8 9 55 6 4 5 5 1 1 3 3 1 29 1 7 2 4 3 1 5 6 4 2 35

220 4 3 4 1 1 4 4 223 2 2 5 1 2 2 1 15 1 2 2 1 1 4 3 4 1 19

221 1 1 3 38 1 5 1 1 8 4 2 2 19

222 1 1 1 2 2 411 0 1 1 2

223 4 4 1 1 1 1

224 1 1 2 0 0

225 2 1 3 0 0

226 3 3 0 0

227 1 1 4 1 5 1 3 4

0 0 0
23 5 2 4 5 5 2 14 4 5 3 49 7 17 5 6 10 3 7 2 0 57 2 2 3 5 2 14 5 10 16 1 60

230 2 1 3 1 1 1 9 6 1 1 5 1 2 1 17 1 7 1 9 7 126

231 2 2 2 5 1 1 13 1 5 1 2 2 Il 1 1 3 1 1 7

232 2 2 2 4 2 1 1 14 2 1 3 1 1 3 1 2 1 1 1 Il

233 0 1 1 2 1 1 2

234 0 0 0
235 2 2 2 6 3 1 1 1 6 1 2 3
236 1 1 1 1 3 5 1 1

237 1 1 3 2 3 1 9 1 1 1 3
238 3 3 1 1 2 1 6 7
239 2 2 1 1 2 0

0 0 0
24 4 4 2 3 4 0 1 2 5 0 25 5 2 0 2 2 1 0 0 0 12 1 0 1 4 1 3 2 1 1 1 15
240 1 3 4 2 1 2 5 0
241 1 2 1 3 2 9 1 1 2 1 1 4 1 1 8
242 1 1 1 1 1 2 7 2 2 1 1 1 3
243 2 1 2 5 1 2 3 1 1 1 3
244 0 0 1 1

0 0 0
3 12 45 31 81 54 30 37 83 29 49 451 55 40 32 53 66 53 22 22 27 370 48 30 25 36 53 65 23 41 79 38 438
31 2 8 0 8 3 6 1 13 0 8 49 4 0 6 Il 5 2 6 0 7 41 10 7 3 6 8 3 1 10 21 6 75
310 8 7 1 6 1 11 741 3 4 3 1 1 1 3 16 7 3 2 4 4 3 3 13 342
311 1 1 2 3 1 2 39 3 2 1 1 2 3 12
312 1 1 2 1 1 5 1 2 1 Il 2 2 1 4 3 113
313 1 1 2 4 1 3 1 5 2 1 1 2 28

0 0 0
32 5 28 31 59 42 19 35 64 24 33 340 38 30 26 41 56 49 14 21 19 294 36 20 22 27 40 53 20 29 58 29 334
320 5 7 19 26 13 8 18 16 8 13 133 24 14 11 20 25 13 4 10 8 129 8 8 10 Il 24 23 12 Il 30 Il 148
321 16 3 5 12 4 5 9 5 362 4 5 8 8 17 16 6 7 4 75 24 5 8 9 8 10 2 6 10 7 89
322 4 8 26 16 7 10 39 Il 17 138 6 6 3 12 9 7 1 3 552 4 7 4 7 6 14 4 8 15 675
323 1 1 2 1 2 7 4 5 4 1 5 13 3 1 238 2 6 2 4 3 522

0 0 0
33 4 6 0 13 8 5 1 3 4 7 51 11 8 0 1 5 1 2 1 0 29 1 2 0 1 5 7 2 1 0 3 22
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330 2 2 1 5 10 2 1 1 4 1 1 1 2 38

331 0 1 1 1 1 2 1 5

332 1 1 1 1 1 1 1 5 1 2 3

333 4 6 13 6 5 1 3 240 8 6 1 2 1 1 19 4 2 6
0 0 0

340 1 3 1 1 3 1 1 11 2 2 1 1 6 1 1 2 2 1 7

0 0 0

4 9 22 9 4 0 4 15 4 9 0 76 12 25 13 18 24 14 18 14 13 151 38 19 12 19 19 5 2 8 17 10 149

41 8 15 7 3 0 3 10 4 8 0 58 6 17 11 12 16 10 13 9 9 103 24 13 7 10 12 4 2 5 13 6 96

410 2 1 1 1 1 2 8 1 5 5 2 4 1 1 19 7 5 3 3 1 19

411 1 1 2 1 5 1 1 1 3 2 1 1 3 1 2 10

0 2 2 1 0 1 2 2 3 013 1 5 5 2 5 1 2 1 022 9 6 1 3 6 0 0 1 3 029

412 1 9 1 2 2 15 1 7 1 3 3 4 120 3 1 2 1 2 1 10

413 1 2 3 1 1 1 1 1 5 2 2 1 5 1 2 1 2 16

414 1 2 1 1 1 3 9 2 1 6 4 3 5 6 532 1 2 2 1 1 7 1 15

415 2 1 1 1 5 2 1 1 1 1 1 1 1 9 1 1 1 25

416 1 1 2 1 1 1 3 0

417 6 3 2 11 2 1 2 3 2 212 13 2 4 1 1 21

8 13 5 2 0 2 8 2 5 045 5 12 6 10 11 9 11 8 981 15 7 6 7 6 4 2 4 10 667

42 1 7 2 1 0 1 5 0 1 0 18 6 8 2 6 8 4 5 5 4 48 14 6 5 9 7 1 0 3 4 4 53

420 2 1 1 1 1 6 3 3 3 3 1 2 15 2 3 1 1 1 8

421 5 1 3 9 5 1 3 4 4 4 5 228 14 6 2 5 6 1 3 3 242

422 1 1 1 3 3 1 1 5 1 1 1 3
0 0 0

5 31 51 57 48 58 23 40 52 36 44 440 46 52 55 89 88 65 45 45 39 524 67 96 61 56 56 100 43 33 112 62 686
51 3 12 14 1 6 2 10 2 6 2 58 8 12 14 20 15 7 9 1 10 96 0 25 8 21 17 29 4 6 32 15 157
510 0 0 0
511 0 0 1 23
512 0 1 1 2 2 1 5
513 11 14 3 2 6 2 5 144 3 4 6 7 6 6 9 849 14 4 9 8 5 2 4 19 8 73
514 1 1 1 1 0 2 1 7 1 1 3 1 1 1 8 5 3 1 1 1 1 113

515 1 1 1 5 5 8 8 27 4 7 9 21 1 8 252
516 1 1 1 1 2 2 1 2 1 3 HO
517 1 2 2 5 1 2 1 1 5 0
518 0 4 4 1 1

0 0 0
52 17 18 20 26 27 10 9 22 9 19 177 11 15 9 27 34 30 13 12 17 168 34 23 25 18 15 9 16 8 22 7 177
520 4 1 3 6 6 4 832 1 4 15 14 2 3 1 40 5 3 1 4 4 320
521 0 1 1 1 1 2
522 2 2 1 1 1 3 1 2 3 1 7
523 1 2 1 6 3 1 1 15 1 1 1 14 1 1 2
524 1 2 3 1 1 1 3 1 1
525 1 1 2 1 34 1 1 1 3
526 8 9 12 2 4 6 3 12 4 4 64 5 13 4 20 17 12 5 8 10 94 17 9 16 5 8 3 2 5 11 76
527 4 4 1 18 8 1 1 10 4 657 4 3 1 2 10 10 6 8 8 3 6 14 2 2 59
528 1 1 1 1 1 1
529 1 1 1 4 1 28 1 4 1 6

0 0 0
53 10 16 9 21 23 8 14 25 15 23 164 26 21 23 30 32 23 16 27 11 209 25 40 23 11 17 48 19 18 52 28 281
530 1 1 4 6 1 1
531 3 4 2 2 10 3 2 4 636 7 10 10 15 11 6 5 5 Î 70 10 16 4 3 16 7 6 19 687
532 7 11 6 18 12 5 10 21 11 17 118 16 11 12 13 18 15 11 18 9123 15 23 19 8 17 23. Il 9 29 22 176
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533 1 1 2 4 1 1 3 5 1 1 1 3
534 0 0 0

535 0 3 1 1 2 2 1 1 Il 7 1 2 4 14
0 0 0

54 1 5 14 0 1 3 7 3 5 0 39 1 4 8 9 7 4 7 5 1 46 8 8 5 3 7 14 4 1 6 12 68
540 1 1 0 2 9 Il

541 2 2 1 1 2 2

542 0 1 1 44
543 1 5 Il 1 1 6 3 5 33 1 4 8 6 7 3 7 5 142 5 6 5 1 7 5 3 1 3 743
544 3 3 1 1 2 3 2 1 1 1 8

0 0 0
55 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
550 0 0 0
551 1 1 0 0
552 0 0 0
553 0 0 0

560 1 1 2 1 3 1 5 3 3
0 0 0

6 1 1 4 1 1 3 4 1 2 1 19 5 4 3 4 4 9 1 2 234 16 5 0 9 16 3 0 0 8 15 72
61 1 1 2 0 0 0 2 0 0 0 6 3 2 2 0 1 5 1 0 0 14 2 2 0 2 4 0 0 0 2 1 13
610 1 1 2 1 1 1 2 2 5
611 0 0 0
612 1 1 2 4 3 1 2 1 5 1 13 1 2 2 2 1 8

0 0 0
62 0 0 2 1 1 3 2 1 2 1 13 2 2 1 4 3 4 0 2 2 20 14 3 0 7 12 3 0 0 6 14 59
620 1 2 1 4 1 1 3 2 2 5 12
621 1 12 1 1 2 7 1 19
622 1 1 1 2 1 6 1 2 1 4 2 3 2 2 17 7 3 7 8 1 4 737
623 1 1 0 1 1

104 200 168 217 188 112 224 253 176 152 1794 222 232 194 224 256 205 172 138 126 1769 252 264 167 205 268 263 137 145 300 193 2194




