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An Exploratory Study of User Searching of the World Wide Web:
A Holistic Approach

Peiling Wang, Carol Tenopir, Elizabeth Layman, David Penniman, Shawn Collins
University of Tennessee, Knoxville
peilingw @utk.edu

Abstract

Presents preliminary results of an exploratory study of users’ interaction with Web resources in finding factual
information using a holistic approach. The purpose of this study is two-fold: (1) to understand Web users’
behaviors and need; (2) to test a methodology for studying users’ interaction with the Web. A process-tracing
technique, together with tests of cognitive style (Embedded Figure Test), anxiety levels (State-Trait Anxiety
Inventory), and self-report computer experience, provided data on how users interact with the Web in the process
of finding factual information. Affective state can be affected by Web search results, especially how the person
feels about the results. Cognitive styles and time spend on searches seems to be correlated for certain type of

questions.

Introduction

Since the advent of the Internet, more and more end-users are directly connected to vast information resources.
The World Wide Web (Web) has revolutionized end-user searching for information; users are more than ever
aware of their information needs and electronic information resources surrounding them. However, using the Web
to find relevant information can be a frustrating and disappointing experience. Web resources are significantly
different from traditional sources available in libraries and in online databases because resources are networked,
heterogeneous, and in multimedia format. Digital data on the Web are physically stored anywhere in the world
and accessible via the Internet. The networked digital information systems no longer have homogeneous
collections, nor do they have well-defined boundaries. There is a vast array of formats: text, hypertext, image,
sound, video, animation, etc. The organizational schemes and access methods across the Web resources are also
diverse. Users are as heterogeneous as resources and the majority of users are perpetual novices with diverse
subject background and different levels of information and computer literacy.

Toward Every-Citizen Interfaces: the Nation's Information Infrastructure Steering Committee, National Research
Council has published a report drawing from a two-day workshop held in August 1996 to identify research issues
and directions in developing interfaces for everyone. Technologies on such interfaces are referred to as every-
citizen interfaces (ECIs) (National Research Council, 1997). The report lists the desired characters of ECIs, such
as they should be: easy 10 understand, easy to learn, error tolerant, flexible and adaptable, appropriate and
effective for the task. Advances in technology are required to implement such interfaces. As the highest-priority,
the committee recommencs research on understanding the problems and the needs basic to effective human-
machine interaction and measuring the effectiveness of technologies when used by humans jn problem-solving

situations.

To date, there is little reported research on real users’ interactions with Web resources (hereafter user-Web
interactions). This study is designed to observe how users search for factual information on the Web. It focuses on
individual differences, which might affect searching. The purpose of this study is two-fold: (1) to understand the
process of user-Web interaction; (2) to test a methodology to study Web users. The ultimate goal is to suggest
principles for effective Web information retrieval systems and user-Web interfaces.

Relevant Literature
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Studies of online searching behavior have been documented for decades. The earliest end-user information
retrieval (IR) systems are online public access catalogs (OPACs), which are free and widely available remotely.
Researchers have devoted 20 years of efforts to study the searching behaviors of OPAC users. But, Borgman
(1996a) argues, “online catalogs continue to be difficult to use, because their design does not incorporate
sufficient understanding of searching behavior” (p. 493) and “we need to incorporate more knowledge of
searching behavior into the design of these systems” (p. 502). Some results of the studies of OPACs certainly can
contribute to the World Wide Web design (Larson et al., 1996).

Earlier studies of information retrieval focused on the systems and technologies, but a growing body of literature
indicates the shift of research in this field. More and more studies take user-oriented approaches such as sense-
making, cognitive and behavior approaches to investigate the complex nature of user’s information behaviors
(Bates, 1993a, 1993b, 1996; Belkin, Oddy & Brooks, 1982; Borgmann, et al., 1995; Dervin, 1992; Ellis, 1992;
Fidel, 1987; Ingwersen, 1996; Kuhlthau, 1993; Harter, 1992; Marchionini, 1989). Nahl and Tenopir (1996) have
demonstrated the importance of the affective and sensorimotor domains for novices in addition to the cognitive
elements of online searching.

The Web is certainly an important new channel for information. Several studies of the users and Web searching
focused on search engines, interfaces, and successes (Chu, 1996; Din & Marchionini, 1996; Meghabghab &
Meghabghab, 1996; Shneiderman et al., 1997; Pollock and Hockley, 1997; Wang and Pouchard, 1997). Their
findings suggested that various Web search engines function differently and users are not very successful in
searching for information on the Web: users have difficulties with syntax and semantics of different search
engines; more than 30% of the searches result in zero-hit outcomes.

To study user-Web interactions, a closely related field is human-computer interaction (HCI). A workshop
sponsored by the National Science Foundation Interactive Systems Program proposed new directions in HCI
education and research (Strong, 1994). One of the research priorities identified by the workshop is the need to
understand “what people actually do, want to do, and could do with computing systems, ... integrated and
communication computing systems” (p. 26). The workshop also pointed out that appropriate methodologies are
needed to go beyond current domain-specific studies.

This study attempts to look at some of the issues identified by the UCLA-NSF Social Aspects of Digital Libraries
Workshop (Borgman, 1996b). At this workshop, one of three foci for further research is the need for user-centered
studies. Some of the identified topics are heterogeneous populations, situated use in a multimedia environment,
and information literacy skills needed for digital libraries. Many participants emphasized the needs to explore
end-users’ information behavior in digital environments and to develop appropriate methods to collect real-world
data beyond traditional user-evaluation methods, such as field studies, video, and direct observation. In a
comprehensive review, Bishop & Starr (1996) conclude, “we need to understand more about which aspects of
searching behavior are universal and which are situation-specific, if we are to desi gn information systems to serve
an increasingly heterogeneous user population with increasingly diverse set of information needs” (p. 361). A
growing body of research is examining user behavior in interacting with the Internet (and, in particular, the Web)
to find information, but this research is still in the early stages (Tenopir, 1998).

The cognitive and holistic approaches to user behaviors require researchers to observe the processes of users’
interactions, not merely the outcomes of a process. A process-tracing technique is needed to capture the real
process when it happens. An online monitoring method that captures the specific actions an individual takes
during a search process is of particular utility in studying users’ behavior in interacting with computerized
systems. This had been documented by several researchers (Bishop and Starr, 1996: Borgman, Hersh, & Hiller,
1996; Marchionini et al., 1994; Penniman and Dominick, 1980; Rice and Borgman, 1983). Bishop & Starr (1996)
also call for integration and extension of traditional methods, and developing new methods to study users in
digital environments. They rtote a number of large-scale digital library projects have incorporated multiple
methods, but their work or description of the methods has often been reported and used only internally (p.362).
Although computer monitoring data have been collected to study OPAC and IR systems (Borgman et al., 1996;
Marchionini et al., 1994; Penniman and Dominick, 1980; Rice, 1990; Rice and Borgman, 1983), we are unable to
find reported studies of user-Web interactions using monitoring data at individual users’ level beyond site-
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tracking. A few studies in progress are capturing Internet users’ transaction logs using internally developed
proprietary programs. The need to design and develop an appropriate method is of importance in studying the
behavior of Web users.

Conceptual Framework and Research Questions

User-Web interaction can be seen as (1) a communication process consisting of a series of transactions between
the user and the system; (2) an information-processing and problem-solving process in which the user makes
decisions based on the interpretation of information presented to him/her. The assumption is that not all the users
will search the Web in the same way, therefore individual differences may result in difficulties in using the Web
to find information. This study focused on three factors that might affect users' interaction with the Web: a)
computer and search experience; b) cognitive style in terms of an individual's information processing style; and c¢)
affective states in terms of the anxiety level before and after a search.

Computer and information retrieval experience can be measured by a questionnaire about how long and how
frequent the users have been using Windows, IR systems, and the Web.

Cognitive style is an individual’s characteristic and self-consistent modes of functioning in cognitive activities,
such as perception and problem solving. Dimensions of cognitive style can be measured by standard tests; in this
study we used the Embedded Figures Test (EFT) individually administered (Witkin, 1971). In the EFT, an
individual is asked to locate a previously seen simple figure within a larger complex figure, which embeds the
simple figure. The test is scored with average solution time per trial based on solving 12 figures (with a 3-minute
limit per trial). The EFT score identifies a person’s perceptual tendency by providing a score in terms of field-
dependence and field-independence. For relatively field-dependent individuals (those who scored higher in EFT),
the Web is expected to be a much more difficult environment.

Affective states are a person’s feelings that might affect one’s performance in a task. On the other hand, a
person’s feeling may also be affected by performing a task. In this study, affective states before and after searching
were measured using the State-Trait Anxiety Inventory (STAI), which consists of two forms: S-anxiety and T-
anxiety (Spielberger, 1983). T-anxiety indicates an individual's general tendency of feelings; S-anxiety indicates
an individual's feelings at that moment. A person’s affective states may influence how he/she searches the Web,
while self-satisfaction after the search may also change his/her affective states, especially S-anxiety.

One of the major difficulties in studying Web users is the lack of methods for collecting real-world data.
Searching Web resources is a highly interactive cognitive process that cannot be understood simply by comparing
search outcomes with users’ questions. Interview or survey data can only provide a partial picture of the
interaction because users may not be aware of or able to recollect what they did during the process. This study i is
exploratory because there is no ready equipment and technique to observe the users. A process-tracing technique
will be designed and tested.

The following research questions are raised: .
1. How successful are end-users in searching for information?

2. Do users who have completed library and information core courses perform better?
3. What is the nature of the roles that computer and search experiences, cognitive styles, and affective states

play in searching the Web?
4. Are the proposed data collecting techniques appropriate for studying Web users?

Methodology

This study observes user’s interaction in a near natural setting. No treatment or control was imposed on the
participants. A process-tracing technique was designed to capture search processes and record concurrent
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verbalization of thoughts during the search. Standard tests and questionnaires were used to collect data on
cognitive domain (computer and search experiences and information processing style) and affective domain

(emotional states).
Process-tracing Technique

The proposed method takes advantages of advanced digital technologies to record individual users’ processes and
behaviors as they interact with the Web for information. Specifically, the transactions with timestamps and cued
verbal reports on pausing behavior were recorded (ideally nonverbal lan guage during user-Web interactions
should also be captured). To record keystrokes and screen actions, a monitorin g program was installed to create a
log file. The advantages of using monitoring data are that they are accurate, unobtrusive, lon gitudinal,
transactional, temporal, and can be automatically collected and processed (the computer does the work!). But
there are also some disadvantages, such as open to interpretation (although accurate), privacy concerns, and the
overwhelming amount of data that can be difficult to manage.

Both retrospective and concurrent verbal reports have been used to study cognitive processes in the last two
decades (Ericsson and Simon, 1993). Verbal data reveal human information processing and thoughts that underlie
behavior and help to interpret nonverbal activities more accurately. It is understandable that searchers can only
verbalize a subset of thoughts occurring during the interaction because some thoughts are difficult to verbalize. If
the monitoring data can capture all the actions and moves users make, partial verbalization will provide
additional information about their thoughts, which help to reveal users’ limitations and problems at specific
points during the search.

The equipment was set up to record the following process data: (1) sites visited with time stamp in a transaction
log file; (2) continuous screen shots with time stamp on a video tape; (3) verbalization of thoughts recorded on the
same video tape.

Participants

Twenty-four graduate students enrolled in a Masters program in information sciences voluntarily participated in
this study in September and October 1997. They consist of two groups: (1) fourteen participants are entry-level
students who just started the program and are more like general users of the Web; (2) ten participants are
advanced-level students or graduates who have completed the core curriculum and are more experienced
searchers.

Table 1. Participants’ computer and search experience (N=24)

Computer Use IR systems Use WWW Use
Months l Times/mon. | Months [ Times/mon]  Months l Times/mon.
Mean 41 21.5 51.5 8.8 25.3 15.0
SD 33.8 8.0 34.8 9.6 13.0 11.1
Min. 3 4 2 1 3 1
Max. 132 25 144 25 60 25
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Table 2. Participants’ cognitive style, and affective state (N=24)

EFT Score* STAI**
(seconds)
S-Anxiety 1 T-Anxiety
Mean 46.80 ¢ 35.42* 38.58*
SD 32.10¢ 10.17* 9.28*
Min. 16.30 20 24
Max. 172.90 63 63

* EFT: Embedded Figure Test monitored individually; the score is measured by
total response time in seconds divided total number of cards.

**% STAIL State-Trait Anxiety Inventory by Speilberger, 1983.

& EFT for male: mean 45.80 SD 17.65; for female: mean 47.10 SD 35.31

# S-Anxiety for male: mean 31.60 SD 9.53; for female: 36.42 SD 10.34
T-Anxiety for male: mean 38.80 SD 8.64; for female: 38.53 SD 9.67

Search Questions

Participants were given the following two factual search questions to find information on the Web. They were not
guided or assisted on any of the searches.

1 This summer, a faculty member at the University of Tennessee, Knoxville submitted a full grant proposal
to the National Science Foundation through the FastLane, the agency’s new electronic proposal system.
It was announced in the Research Good News. Can you find the news for me? [You may use this sheet

for scrap paper]
2) Each year, the 11.S. Census Bureau reports on the projections of national population. I am interested in
the most current estimate for the population of the United States in 2000. [You may use this sheet for

scrap paper]
Procedure

The participants were scheduled to perform the searches at their convenience. After signing a consent form, each
searcher followed the same procedure. The searcher:

e filled in pretest questionnaires to measure level of information skills and affective states (State-Anxiety and
Trait-Anxiety).

e took an individually administered Embedded Figure Test (EFT) about cognitive styles (12 questions with a 3-

minute cut-off time on each).

e was given the first question sheet and asked to find the answer. (The Web browser was set at home state (the
university’s homepage) and the searcher was reminded to think aloud during the search.)

e filled in two questionnaires when the searcher completed the question (or decided to stop). These
questionnaires measured satisfaction of the search result and comments and affective state (State-Anxiety).

e was given the second question sheet and asked to find the answer. (The Web browser was on the page where
the first search ended and the searcher was again reminded to think aloud during the search.)

e filled in two questionnaires when the searcher completed the question or decided to stop. These
questionnaires measured satisfaction of the search result and comments and affective state (State-Anxiety).

Results

As described in the Methodalogy section, there are two parts of data collected in this study. The quantitative data
describe the search outcomes and the searcher’s characteristics in affective, cognitive and computer and search
experience domains. The qualitative data describe the search processes and the searchers’ thoughts during the
interaction. Transcribing the qualitative data requires labor-intensive work, which is still in progress. Therefore,
the preliminary results reported here focus on the descriptive features of quantitative variables and their
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relationships. Statistical analysis aims at identifyin g how search outcome relates to affective state, cognitive style,
and computer and information experience.

How successful were the searchers?

(N=22), half of them were highly confident about their search, the other half were moderately confident. The two
who found incorrect answers also felt moderately confident about their results.

Table 3. Search results and post-search confidence

Post-search confidence level Correct answer Incorrect answer No answer

N=12 N=9 N=3
_Question 1

High 12 3

Moderate high 4

Moderate low 2

Low 3

Question 2

Post-search confidence level Correct answer Incorrect answer
N=22 N=2

4 (high) 11

3 (moderate high) 11 2

2. How much time was spent on interacting with the system and how many sites were visited for each search
question? Table 4 indicates that time spent on each question varied among the participants. In general, they spent
about 15 minutes for each question, although the deviation for question 1 is much larger than for question 2. The

respectively, indicating a high correlation between the search time and visited sites.

Table 4. Search Time and Sites
Question 1 uestion 2

Time (min.) No. of Sites | Time (min.) No. of Sites
Mean 14.50 28.13 15.04 29.67
SD 13,77 24.16 9.79 17.46

3,57 4, 106 3,39 10, 77

The variables of time and sites are significantly related for both search questions (r;= .93; r, = .89). Therefore,
either one will suffice to describe the length of the process.

3. How is the searcher’s affective state changed after the search? The change of State Anxiety level as a result of
performing the Web searches was measured with the same STAI S-Anxiety Form after the search. The value of
change is calcuiated by the formula:

A S-Anxiety = Post-search S-Anxiety -- Pre-search S-Anxiety

Note: for question 2,
Pre-search S-Anxiety = Post-search S-Anxiety after question 1
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Table 5. Change of State Anxiety Level
Participants = 24

After Q1 I After Q2
No change 2 1
Less stressed 13 10
More stressed 9 - 13
Range of change -17 to +18 -18to +13
Mean -.38 -.33
SD 8.85 6.49

Do the two groups differ significantly?

One group of participants consists of entry-level students (N=14) who are more like the general users of a
university; the other group is advanced-level students (N=10) who had finished core library and information
courses with special training in DIALOG searching. It is tempting to hypothesize that the advanced students will
perform better than entry-level students in terms of more correct answer, less time (sites), and low anxiety. For
question 1, of the 14 entry-level students: 6 found the correct answer (42.9 %), 7 had an incorrect answer (50.0
%), and 1 gave up (7.1 %). In question 1, of the 10 advanced-level students: 6 found the correct answer (60.0 %),
2 had an incorrect answer (20.0 %), and 2 gave up (20.0 %). For question 2 all found answers, but two from the
entry-level group had incorrect answers. Their means are not significantly different by t-test, although the
advanced students actually spent more time on both questions (Table 6).

Table 6. Comparison of Searching by Participant’s Level in the Program

Question 1 Question 2
Change of Change of
Time S-Anxiety Time S-Anxiety
Entry-level Mean 11.5 -.29 14.7 21
(N=14) SD 8.7 9.62 8.5 7.78
Rang 3, 35 -17, 18 3, 31 -18, 13
Advanced-level | Mean 18.7 -.50 155 -1.10
(N=10) SD 18.5 8.15 11.7 4.38
Rang 4, 57 -13, 16 4, 39 -8, 5

How are the variables related?

There is not sufficient evidence to conclude that there is a significant difference between entry-level students and
advanced-level students in this study. We will therefore treat the sample as a single sample rather than two groups
to look at the factors that might affect searching.

Statistical significance of correlation at the .01 level (2-tailed) is found between the following pairs of dependent
and independent variables: (1) time on search I and EFT (r = .56); (2) time on search 1 and S-Anxiety after
search 1 (r = .50); (3) S-Anxiety after and before searches (r, = .63; r, = .78). Participants with higher EFT scores
seemed to spend more time and get lost in the cyberspace for question number 1, which involved more facets than
question number 2. The two participants who spent 43 minutes and 57 minutes in question 1 have an EFT score

61 and 173 respectively.

Significant relationship is not indicated between search time and computer and search experience (including Web
search experience).

Discussion and Conclusions
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This paper presents the preliminary results of the quantitative part of an exploratory study of users searching of
the Web. Further analysis of these quantitative data as well as the qualitative data (still in the process of data
transcribing) will be reported in forthcoming papers. The statistical analyses focus on the characteristics of
various variables under study. The interpretation of these analyses does not warrant generalized conclusions due
to the uncontrolled setting and the relatively small sample. The population we studied was graduate level students
in a library and information sciences program. This may be considered a group of early adopters of Web
searching or at least people who are motivated to use the Web regularly as required by their future profession.
This group will be frequent users for their daily information services and will provide instructions to other users.
Studying this user group can, however, provide insights into differences in interacting with Web systems.

In the Conceptual Framework and Research Questions section, we raised several questions. Here, the last question
will be addressed first. The methodology has been successfully implemented in the design of this study with a
limited budget. It demonstrates the feasibility of collecting data on Web users’ searching holistically by capturing
processes and thoughts during the interactions. This study obtained rich information on several dimensions of the
Web searching. However, due to the financial limit, this study was unable to record the continuous screen shots
and concurrent verbalization directly in a digital format. The analysis of data therefore involves laborious
transcribing, which can be reduced if they are recorded directly in a computer file rather than on videotapes. This
also made collecting data from a larger sample less feasible. Further development of techniques to support this
method is important for this line of research.

As the results indicate, searchers in this study seemed to do better in question 2 (more correct answers and higher
self-confidence level after search), although they spent about the same amount of time in both searches. The
cognitive style, specifically the field-dependence-independence dimension, might affect how an individual
searches the Web. The fact that it correlates with search question 1 might indicate that searchers with a field-
dependent style have difficulties when a question has more dimensions or requires partitioning a sub-system from
the networked space. Partitioning is important in Web searching because many general search engines either
failed to index the information at lower levels of a Web site or will return huge postings of URLs. A close look at
the questions may provide some insights. The first question can be answered from the homepage of the university
where the study was conducted. If the searcher has a conceptualization of partitioning the Web space, he/she
would more likely start from the default homepage by either browsing or searching the local search engine.
However, many searchers in this study used general search engines such as Yahoo and Excite. Compared with the
second question, the first question provided more cues that can be used to evaluate search results. Some of the
problems are being unable to decide which facets should be included in the search, missing information on the
page, and being satisfied with an answer without checking it against the question. These are the problems similar
to those reported for end-users of IR systems.

Affective states, specifically State Anxiety level, seemed to swing widely before and after the searches (Table 5).
A close look at the three searchers who gave up on the first question, reveals that two of them had a higher post-
search stress level (increased 7 and 16 points respectively) and one had a lower stress level (decreased 2). The
other two who were moderately low in confidence about their answers also had higher post-search stress
(increased 6 and 18 respectively). All of these five searchers had lower stress levels after finishin g the second
search (the decrease ranged from 3 to 18 points), when their self-confidence levels were either high or moderately
high. Further analysis of searching process and searchers’ verbalization can provide insights into the affective
dimension in searching the Web.

The following are tentative conclusions: students who finished core courses (received intensive IR search training)
are not necessary more effective or efficient on searching the Web. The searchers who spent more time on the
Web seemed to visit more sites rather than reading more at each site (time and sites are highly correlated). Most
searchers seem to accept the first seemingly relevant answer without further checking and verifying. The more
field-dependent searchers tend to get lost on the Web while searching on questions that have more facets and
require partitioning the Web. Affective state can be affected by Web search results, especially how the person feels
about the search results. Further analysis of both sets of data will provide more understanding of our searchers in
this study.
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