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Abstract

Purpose: This study attempts to investigate how a user’s search behavior changes in the exploratory
search process in order to understand the characteristics of the user’s search behavior and build a
behavioral model.

Design/methodology/approach: Forty-two matriculated full-time senior college students with a
female-to-male ratio of 1 to 1 who majored in medical science in Jilin University participated in
our experiment. The task of the experiment was to search for information about “the influence of
environmental pollution on daily life” in order to write a report about this topic. The research
methods include concept map, query log analysis and questionnaire survey.

Findings: The results indicate that exploratory search can significantly change the knowledge
structure of searchers. As searchers were moving through different stages of the exploratory search
process, they experienced cognitive changes, and their search behaviors were characterized by
quick browsing, careful browsing and focused searching.

Research limitations: The study used only one search topic, and there is no comparision or control
group. Although we took search habits, personal thinking habits, personality characteristics and
professional background into account, a more detailed study to analyze the effects of these factors
on exploratory search behavior is needed in our further research.

Practical implications: This study can serve as a reference for other researchers engaged in the
same effort to construct the supporting system of exploratory search.

Originality/value: Three methods are used to investigate the behavior characteristics during
exploratory search.

Keywords Exploratory search; Search behavior; Concept map; Log analysis

1 Introduction

With the development of computers, the Internet and communications technology,
searching on the Internet has become a lifestyle. The classic question and answer
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information retrieval (IR) model is the dominant interaction model currently used
in major commercial Web search engines. However, this model describes the
information search process from the information system’s perspective instead of the
user’s perspective. It cannot truly reflect the behavioral changes in the interaction
process between the information system and the user or express the changing
information need in the information search process (ISP). What is more, it ignores
the effects of some significant factors, such as the user’s background knowledge
about the search topic and the usage of the information. Thus, there is a pressing
need for the study of complex information needs and the information search
behavior related to the Internet, as well as for the construction of a new type of
Web search engine.

To some degree, any actual information needs and search behaviors are complex
and exploratory. In the past three decades, many researchers have studied informa-
tion search behavior, with some focusing on exploratory search behavior. In 1989,
Bates proposed a berrypicking model in her paper!l. She likened finding informa-
tion to picking huckleberries or blueberries in the forest, from where they are
scattered on bushes, rather than clustered in bunches. People must pick the berries
one by one. Information searchers move through an information space to gather
information. New information may yield new ideas so that searchers will develop
a new conception of the query. They may then change their search direction, and as
the search progresses, the desired outcome may also change. Bates described this
approach as an “evolving search”. She stated that the berrypicking model tries to
reveal the role of browsing in the search process, because users must scan the results
to select the information which satisfies them. In 2007, Bates demonstrated the
relationship between berrypicking and browsing once again. She stated that clicking
and scanning the search results can be understood as part of the information retrieval
strategy. However, berrypicking emphasizes an evolving query, which shifts during
the course of the search, rather than the search behavior itself?. In 1991, Kuhlthau
proposed an ISP model which includes six stages: Initiation, selection, exploration,
formulation, collection, and presentation’. Yet, the model mainly discusses a user’s
mood changes in each stage. In 1995 and 1999, Pirolli and Card’s study attempted
to explain information seeking behaviors in humans by presenting the information
foraging theory. Central to the theory is the idea that the mechanism of information
foraging is similar to that of food foraging in living organisms. When moving
between information patches, searchers may select the paths to maximize the rate
of the gain of information relevant to their task**!. The theory is based on the
premise that users’ information needs are clearly defined in their minds. In 1992
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and 1998, Dervin carried out studies and presented the sense-making theory. This
theory deems that each individual is an entity, moving through time and space, and
the individual can perceive the gaps between entities, time and spaces from time
to time in the real world. Only by using information seeking for bridging these
gaps can the ideal cognitive results be obtained and the new cognitive state be
reached®”. In 1992, Zhang studied university students’ information search process,
and explored their information seeking behavior and their psychological changes
during the search process by giving them three different types of questions with
different levels of complexity, analyzing their search log files and interviewing
them. The students with different states of knowledge are randomly sampled and
then required to perform search tasks. The results were classified into three catego-
ries: 1) Students who had specific answers, 2) those who found related information,
and 3) those who retrieved some materials, but were uncertain whether or not these
materials were useful to answer the questions™. In 1995, Bystrom and Jarvelin
analyzed the complexity, information type, information path and source of search
tasks based on log analysis and questionnaire survey.

In 2006, Marchionini proposed “exploratory search™!'%. In 2009, White and Roth
stated the characteristics and critical problems of exploratory search, which they
believed involved two intellectual activities, namely, learning and investigation.
People who are engaged in exploratory searches are generally: 1) Unfamiliar with
the domain of their goals; 2) unsure about the ways to achieve their goals; and/or
even 3) unsure about their goals!'!. The presentation of the concept improved our
understanding of the complicated information search behavior under network
environment, and exploratory search gradually became a major focus of study in
information retrieval, human-computer interaction, cognitive science, and sociol-
ogy. Nowadays, the critical problems and challenges in this domain include the
construction of the behavioral model and supporting search system and the effective
evaluation method and technology. Of these, the behavioral model is the foundation.
Based on the background, our study attempts to conduct a preliminary research of
the exploratory search behavior through a user experiment combined with other
methods.

2  Methodologies
2.1 Research questions and purposes

This study is centered on search behavior which is one of the key issues of explor-
atory search. According to the analysis of the features of exploratory search, the
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search process involves two kinds of intellectual activities—learning and investiga-
tion, which means that a searcher’s conception of a topic may change in the course
of his or her exploratory search. But how it will change specifically and to what
degree it will change and what are characteristics of this change? And how
information searchers perform their searches specifically when these changes occur?
What are the characteristics of their search behaviors? These are questions that we
will delve into in our research. An experiment is designed to analyze the changes
of knowledge representations of the searchers by comparing concept maps depicted
before and after each search process and analyze the search behavior by using query
logs. The study aims to investigate the characteristics of the user’s behavioral
changes in the exploratory search process and to build a behavioral model.

2.2 Research methods

In our study, a concept map, a tool to assess the learners’ knowledge and understand-
ing, is used to assess the changes of information searchers’ knowledge structure. To
analyze the observable changes in the searchers’ behaviors in exploratory searches,
we have adopted searchers’ query log analysis. In addition, the questionnaire survey
is used as an auxiliary method.

2.2.1 Concept map

A concept map is a graphical representation of the concepts of a theme and their
relationships, and it is a tool used to organize and represent knowledge. Fig. 1 shows
an example of a concept map about wood. The concept map consists of concept
words, arrows that connect the concept words, and linking words on the arrows!!?,
Concept words are nouns which usually represent events or objects. In the concept
map, concept words are generally enclosed in circles or boxes, called nodes. Link-
ing words, also called link labels which are marked above the arrows, are usually
constituted by verbs, adjectives, or conjunctions. Arrows, also called links, express
the relationships between concept words. Generally speaking, concept words con-
nected by arrows and linking words form sentences, and one example is “wood is
used to make paper”.

At present, concept maps have been used in the field of educational research, and
many studies have shown that concept maps can be used to evaluate learners’
knowledge and understanding!®!. However, in the field of information retrieval,
there were few published studies focusing on using concept maps to explore the
changes in users’ knowledge structure during their exploratory search on the Web.
In consideration of the complexity of the exploratory search process involving
learning and understanding, this study attempts to discuss the changes in the user’s
knowledge structure on the search task topic during the exploratory search process
by analyzing the changes between the pre- and post-search concept maps.
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Fig. 1 Example of a concept map about wood.

2.2.2 Log analysis

During the Web search process, users will leave their traces, query log. The query
log can objectively record a user’s access time, Web pages visited, time spent,
questions posed, and query changes. Analysis of the query log can objectively
describe an information searcher’s exploratory search path and interaction with the
system. Therefore, the log analysis has always been the main method used to study
users’ search behaviors. In this study, with the help of the network and query log
files recorded through the Firefox Web browser, we analyzed the search tools,
queries and number of pages browsed in the search process. Meanwhile, in order to
test how subjects explore the Internet in the search process, the link depth is defined
in our experiment. Link depth is defined as an index which indicates the extent to
which a searcher has moved deeper into the Web following links from search engine
result pages. As shown in Fig. 2, the link depth for a page reached through a link
from a search engine result page is 1. The link depth for a page reached through
a link from a page with a link depth of 1 is 2. Depth increases by 1 for each link
followed.

Search engine Search result l Page 1 Page 2 Page 3

W

+1 B &t g =

LB e

Fig.2 Example of the link depth.
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2.2.3 Questionnaire investigation

Pre- and post-search questionnaires were designed. The pre-search questionnaire
was used to collect some general information on the subjects, including their level
of understanding of the search topic, the main methods they use to access daily
information, their search habits, the commonly used search tools, and the average
time they spend online.

The post-search questionnaire included four aspects: 1) Subjects’ levels of under-
standing of the search topic and the changes in their interest; 2) behavioral changes
during the search process; 3) factors affecting the search; and 4) degree of satisfac-
tion with the existing search tools in meeting their information needs. The question-
naires included multiple choice questions and open-ended ones. At the end of the
questionnaire, subjects were asked to write about the changes in their thoughts
during the information search process. The aim of the questionnaires was to reveal
the searcher’s subjective feelings, thoughts, and behavioral changes during the
search process from the searcher’s perspective in order to help us understand the
results of the concept map and the log analysis.

2.3 Experimental design
2.3.1 Subjects and search task

Because the exploratory search is a high-level search activity, the study chose
subjects who have academic backgrounds. To simplify the experiment process and
make it operational, the subjects were matriculated full-time senior college students
who majored in medical science in Jilin University, China. In all, there were 42
subjects with a female-to-male ratio of 1 to 1.

The task of the experiment was to search for information about “the influence of
environmental pollution on daily life”” in order to write a report about this topic. The
search task was open-ended, which represents the feature that a user can expect from
exploratory search.

2.3.2 Procedure

Fig. 3 shows the procedure of the experiment. Firstly, the subjects were given the
experiment instruction. They were trained to draw a concept map and asked to
practise drawing the map. Next, before searching, they were given 15 minutes to
answer the pre-search questionnaire and to draw a pre-search concept map for the
assigned topic. After drawing the concept map, they conducted the exploratory
search for 30 minutes. Finally, they drew a post-search concept map and finished
the post-search questionnaire.
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Introduction of experiment and training
session of concept map (10 min.)

v

Pre-search questionnaire (5 min.)

!

Pre-search concept map (10 min.)

v

Exploratory search (30 min.)

!

Post-search concept map (10 min.)

v

Post-search questionnaire (5 min.)

Fig. 3 Experiment procedure.

3 Results

According to the experimental methods of the study, the results were analyzed by
using data collected from concept maps, log files and questionnaire survey.

3.1 Concept map

An analysis of a concept map mainly includes 3 groups of indicators: 1) The
numbers of nodes, links and link labels, 2) common, lost and new nodes, links and
link labels, and 3) the hierarchical structure and features of pre- and post-search
concept maps.

3.1.1 Analysis of the number of nodes, links, and link labels

Table 1 lists the minimum, maximum, mean, median and standard deviation of each
component of the concept maps. Compared to the pre-concept maps, nodes, links
and link labels increase obviously in post-search concept maps. With the #-test in
components between pre- and post-search concept maps, nodes: =-9.34, v=40,
p=.000; links: =-9.55, v=40, p=.000; links labels: =-7.27, v=40, p=.000. It is clear
that the change has remarkable statistical significance. In the case of the minimum
nodes, there are 4 and 12 nodes in the pre- and post-search concept map, respec-
tively. In terms of the maximum nodes, there are 27 and 65 nodes, respectively.
From the perspective of the minimum, maximum, mean and median, changes in the
number of nodes and links show a similar tendency. The tendency can be explained
by the fact that two nodes usually have a single link and each node is associated
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with at least one link. However, the number of link labels has a different distribution
from that of the nodes and links. This is because many links are described without
labels, with the portion of links having labels at 65.35%. But the general change
tendency is consistent.

Table 1 Number of nodes, links and link labels in pre- and post-search concept maps

Min. Max. Mean Median SD
Nodes Pre-node 4 27 13 12 5.18
Post-node 12 65 28.57 25.5 12.97
Links Pre-link 4 28 13.71 12.5 6.03
Post-link 12 60 28.57 26.5 12.51

Labels Pre-label 0 27 7.57 6 7.2
Post-label 0 60 17.74 14 14.43

Judging from the numbers of nodes, links and link labels, there are salient changes
between the post-search concept maps and the pre-search concept maps, which
indicate that the knowledge structure of the subjects changed significantly after the
search process. However, judging from the values of standard deviation, individual
factors such as search habits and personal thinking habits exerted an increasing
effect on the changes of post-search concept maps.

3.1.2 Analysis of common, lost and new nodes between pre- and post-search
concept maps

To explore the features of the post-search concept maps, we analyzed common, lost
and new nodes between pre- and post-search concept maps. From the comparison,
as shown by Table 2 below, the minimum number of common nodes is 0, the
maximum number is 15, and the average is 3.38, taking up 26% of average nodes
of pre-search concept maps and 11.83% of average nodes of post-search concept
maps, respectively. When the post-search concept maps were formed, it is found
that the average number of lost nodes was 9.62, accounting for 74% of average
nodes of the pre-search concept maps. Compared to the pre-search concept maps,
the average number of new nodes of the post-search concept maps was 25.19,
accounting for 88.17% of average nodes of the post-search concept maps. In
the pre- and post-search concept maps, the minimum number of links is 0, the
maximum is 13, and the average number is 2.21, accounting for 16.12% of average
links of the pre-search concept maps, and 7.74% of average links of the post-search
concept maps, respectively. Until the post-search concept maps were formed, the
average number of lost links of the pre-search concept maps was 11.5, accounting
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for 83.82% of the pre-search concept maps. Compared to the pre-search concept
maps, the average number of post-search new links was 26.36, accounting for
92.26% of average links of the post-search concept maps. In the pre- and post-search
concept maps, the minimum number of common link labels is 0, and the maximum
is 13, and the average is 1.52, accounting for 20.08% and 8.57% of average pre-
search link labels and post-search link labels, respectively. When the post-search
concept maps were formed, the average number of lost link labels was 6.05, account-
ing for 79.92% of average link lables of the pre-search concept maps and the average
of new link labels in post-search concept maps was 16.21, accounting for 91.43%
of average link labels of the post-search concept maps.

Table 2 Common, lost and new components between pre- and post-search concept maps

Min. Max. Mean Median SD
Nodes Common nodes 0 15 3.38 2 3.27
Lost nodes 3 19 9.62 8.5 4.58
New nodes 5 60 25.19 23 12.37
Links Common links 0 13 2.21 0.5 3.49
Lost links 4 21 11.5 12 5.05
New links 8 57 26.36 25.5 11.52
Labels Common labels 0 13 1.52 0 2.98
Lost labels 0 19 6.05 5 5.59
New labels 0 48 16.21 14 12.85

In summary, there were few common nodes and relatively many lost and
new nodes. This indicates that subjects were slightly influenced by their previous
knowledge, while they were endeavoring to form a new knowledge structure.

3.1.3 Analysis of hierarchical structure and features of pre- and post-search
concept maps

The previous analysis was merely focused on the basic components of pre- and
post-search concept maps. Considering that subjects experienced some degree of
cognitive changes during the search process, we also studied the hierarchical
structure of concept maps. The number of the tier of the hierarchical structure of
the post-search concept maps has increased by 137 and the average was 3.26. These
changes to the hierarchical structure were not remarkable. Nevertheless, the obvious
increase in the number of nodes indicates that subjects tried to specify the related
knowledge in the same hierarchical structure during the search process. This
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indicates characteristics of divergent thinking. A total of 40 subjects started their
search with the phrase “environmental pollution” and formed the first 2 to 3-tiered
hierarchical structure of their concept maps. The post-search concept maps of 29
subjects (70% of the total number) showed the refining in particular branches of the
structure. As Fig. 4 shows, there is a concentrated thinking which reveals that sub-
jects had a focused interest. In addition, all concept maps consisted of nodes related
to diseases, which may be due to the academic background of these subjects rather
than the search task.
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Fig. 4 (a) Pre-search concept map; (b) Post-search concept map.
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The pre-search concept maps are simple, lacking systematic structure or accuracy,
whereas the post-search concept maps are obviously complicated, systematic,
professional and accurate.

3.2 Log analysis

Our study analyzed the search tools, queries, number of pages and depth of links of
subjects during their search process by using the browser log files through the
Firefox Web browser.

3.2.1 Search tools and queries

According to the log files, the main search tools used by subjects were Baidu,
Google, CNKI journal full-text database, VIP journal full-text database, Sina,
NetEase and Docin.com. This corresponded with the search habits of these subjects,
who preferred some commonly used search tools.

All of the subjects used the query term “environmental pollution”. As Fig. 5
shows, there were 59 terms related to “environmental pollution”, including the
following 4 categories: 1) Terms directly related to the task, including daily life,
influence, harm, prevention, human and human health, etc., 2) terms related to
specific types of environmental pollution, including noise pollution, water pollution,
light pollution, marine pollution, radioactive contamination, chemical pollution,
industrial pollution and agricultural pollution, etc., 3) terms related to actual harm
caused by environmental pollution, including cancer, deformity, poisoning, neuras-
thenia, emphysema, hearing loss, etc., and 4) terms related to social problems caused
by environmental pollution, including the quality of life, school life, social prob-
lems, society responsibility, social cost, interpersonal relationship, etc.

@.urban environmental pollution §food safety p rural environmental pollution

hearing damage \’ozcine deglen? automobile exhaust.e PM2.5
®mental healthd2one pain disease{f atmosphere /& oxygen A lowcarbon life
China poisoning atmospheric pollution ’ eformity
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& Beijin ®acd ram"llvm beings! s @ additive
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@social responsibility Environmental pollution ight pollution
—chemical pollution —® interpersonal relationship
@ emph water pollution
physema —~&marine pollution?/® human s 1 -0 pollution==® animal
@the United States ==~ _pollution accidenty — pollutant
= cancer”®industrial pollution} ¥'] pouutlggloactlve poltution
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the quality ofhfe// unnatural envuonmental polflunon

"SOClety costefracheitis & parasitic disease ® School life
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Fig. 5 Query terms in search process.
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From the results, the first 3 categories of search terms reflected similar ways of
thinking. Based on the preliminary understanding of the task, the subjects started
their search from “environmental pollution”, explored various specific types of
environmental pollution, and found the impact of environmental pollution on
people’s daily lives. The fourth category of search terms reflected the personal
interest of subjects in the search process.

3.2.2 Pages and link depth

According to log files, we performed an analysis on the numbers and the link depth
of Web pages. The results showed that the number of Web pages browsed during
the search process ranged from 5 to 86, with an average of 32.05. Because the time
given to subjects to carry out exploratory search tasks was 30 minutes, the average
time spent browsing a website was 56.16 seconds. To analyze the exploration paths
of each subject, the depth of links is 1 to 3 in the process of searching.

Fig. 6 is an example of the link depth of one subject. It shows that the search
process contains three kinds of behaviors: 1) Quick browsing. It refers to browsing
the results of broad query terms, which shows that the subject explored one page
downward from the search results, and then went back and clicked another link. The
link depth is 1. 2) Careful browsing. It refers to browsing the results returned after
search engine searched one specific query term. The depth is 1 to 3. 3) Focused
searching. [t means that the searcher browsed the results after search engine searched

Search engine Search result Page 1 Page2 Page 3
1 1 1 1

L
The influence of environmental
pollution on daily life

Water pollution H

| ]
Radioactive pollution Ili

Neurasthenia/Mental health Iﬁ
'_I_I_|
Interpersonal relationship A—l_l_l
|
Quality of life ;A—l_l_‘
1
1

Fig. 6 Example of link depth (A represents entering the query words).
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several specific terms. During the sub-process of searching, the subject added new
specific terms to the query. The link depth is 1 to 3.

3.3 Analysis of questionnaire results

According to the pre-search questionnaires, all the subjects used the Internet as a
means of obtaining information. The most commonly used search engines were
Baidu and Google. With about 30 minutes of Web searching a day, the subjects have
some awareness of information literacy and some search skills. They had some
knowledge about the search topic, but did not have specialized knowledge.

The results of the post-search questionnaires revealed that all the subjects believed
that their knowledge of the search topic increased after the search. 21.43% of
subjects agreed that the improvement was significant, 78.57% of subjects stated that
their knowledge improved to a certain degree. Finally, 78.57% of the subjects stated
that their interest in the search topic increased. All the subjects conducted extended
retrieval when they discovered related knowledge during the search process. 16.67%
of them extended the search until they completely understood the search topic.
83.37% of them extended the search only to a certain degree, and then they changed
direction once they got a rough idea of the search topic. According to these subjects’
opinions, the main factors which influenced the process of exploratory search were
ranked as follows: Specialized background knowledge, thinking habits and person-
ality characteristics, and search habits. 88.1% of the subjects held the view that the
existing search tools needed to be improved in order to better support exploratory
search.

4 Conclusions

By comprehensively analyzing concept maps drawn before and after the exploratory
search, the query logs and questionnaire results, we can describe the behavioral
patterns of exploratory search (Fig. 7). Along with cognitive changes during the
search process, information searchers’ behaviors change from quick browsing to
careful browsing and finally to focused searching.

As searchers are moving through different stages of the exploratory search pro-
cess, they exhibit different search behaviors and experience cognitive changes.
When faced with a task to search an unclear topic in an unfamiliar field, due to a
lack of knowledge on the topic, searchers firstly seek a preliminary understanding
of the information through quick browsing. From their own personal search habits,
searchers choose their own search tools and broad search words. The search link
depth is 1, and the searchers return to browse the results for several times. At this
point, the searchers’ knowledge has increased in the short-term memory. On this
basis, searchers choose the easiest sub-subject to form the knowledge system.
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to result page for interactive activities) conducive to
many times) approaching target)

Fig. 7 Behavioral model of exploratory search.

Trying to build a new knowledge structure, they take in, analyze and synthesize
each piece of information. This represents careful browsing. Information searchers
continue to repeat the process with more specific search terms and link depths
between 1 and 3, which is affected by their thinking habits and personalities. As the
exploration process continues, they grow less uncertain of the search topic, and their
understanding has improved. That is to say, information searchers are gradually able
to understand the overall situation and become aware of their positions in space.
Meanwhile, they become clear of their information needs, and they can judge
whether the information is suitable or not. Influenced by their previous background
knowledge, their specific interests begin to come together, and the search goal is
clear, and they start focused searching. At this stage, the information searchers adopt
traditional search strategies, using more specific search terms, and gradually trying
specialized terms. During the process, they are approaching their target.

In summary, we conducted a research on exploratory search behaviors based on
the fact that the subjects were college students with certain search capabilities and
we assumed that their aim was to write a report related to the topic. We also described
and analyzed the common cognitive changes and the changes to the search terms.
Although we took search habits, personal thinking habits, personality characteristics,
and specialized background knowledge into account, we have not analyzed the
effects of these factors in details. Therefore, the effects of different search tasks,
user types, as well as subjective factors on search behaviors in the exploratory
search process will be investigated in our future research.
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