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ABSTRACT

While numerous studies have suggested the significance of uncertainty during the process of
information-seeking, less research has investigated user uncertainty in the actual search process using
a real system. This study investigated user perceptions of uncertainty in the process of the selection of
Web search terms in the real information-seeking process. The subjects at the doctoral or post-doctoral
level were limited to the discipline of science in order to understand user perceptions in this field.
The findings revealed various dimensions, types, and incidents of uncertainty. The typology of
uncertainty facilitated an understanding of the subjects’ information-seeking context by identifying
various aspects of the context that constituted the subjects’ uncertainty. The identification of two
principal origins of uncertainty based on the different types of uncertainty generated implications to
improve information systems and services.
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1. Introduction

While numerous studies have suggested
the significance of uncertainty during the
process of information-seeking, less
research has investigated user uncertainty
in the actual search process and related
the findings to specific characteristics of
their information seeking context. This
study investigated user perceptions of
uncertainty in the process of the selection
of search terms in the real information—
seeking process.

Various Web search engines have become
vital tools for accessing both academic and
non—academic information likewise, they
serve as important supplementary tools to
traditional bibliographic databases in the
academic research environment. Reflecting
this reality, the present study investigated
the search term selection stage of scholarly
researchers, specifically at the doctoral or
post—doctoral level, who use Web search
engines for their academic study. The
researchers were limited to the discipline
of science (pure and applied) in order to
understand user perceptions in this field.

Based on the analysis of the users’
uncertainty, this study found insights into
the information seeking context of the
users concerning their information need,
system and its resource used.

2. Background

2.1 Uncertainty Study

A substantial number of studies in the
field of Library and Information Science
(LIS) discuss the notion of uncertainty in
various contexts associated with the
process of information—seeking. Variations
in the use of terminology have also been
found to represent the concept of
uncertainty. These studies can be classified
into three broad categories, as indicated
below.

The first category discusses a relationship
between information and uncertainty in
the general flow of information. Relevant
literature includes : (1) information as a
means of reducing uncertainty (Artandi
1973 ; Shannon & Weaver 1949), and (2)
exceptions in uncertainty reduction with
information provided (Whittemore & Yovits
1973). These studies deal mainly with the
role of information in uncertainty reduction.

The second category discusses uncertainty
as it relates to various aspects of the
information—seeking process in a focused
domain. Relevant literature in additional
subcategories includes : (1) cognitive aspects
of the information need — difficulty in
representing (Taylor 1968) and articulating
an information need (Belkin 1980) a need
for information—seeking with a knowledge—
gap (Dervin 1983) and poly—representative
nature of the cognitive space (Ingwersen
1992 ; 1996) (2) connecting the internal and
expressed needs of users — the necessity of
dealing with the discrepancies between the
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two needs, further developing Taylor s
(1968) approach (Gerhan 1999 ; Ingwersen
1982 ; Michell & Dewdney 1998 ; Stevens
1988) ; (3) uncertainty for system design —
uncertainty as a system design principle
(Bates 1986) ; poly—representative nature of
the information space and uncertainly,
unpredictabﬂity and contextualization in IR
(Ingwersen 1992 ; 1996) types of uncertainty
related to the process of indexing and
matching (van Rijsbergen 1996) ; and the
need to accommodate uncertainty in
systems design (Kuhlthau 1999) ; and (4)
relevance judgment - difficulty in
determining the usefulness of documents
(Rodriguez 2000), particularly as a concrete
binary judgment (Spink 1997 ; Spink &
Greisdorf 1997 ; Spink, Greisdorf, &
Bateman 1998),

The third and last category discusses
uncertainty as it relates to various aspects
of the information—seeking process in an
extensive domain. Relevant literature
includes: (1) affective states due to cognitive
uncertainty in a six—stage information
search process (Kuhlthau 1993a ; 1993b) ;
(2) the role of information-seeking in
uncertainty resolution during the problem—
solving process (Wilson, Ellis, & Ford
2000 ; Wilson, Ellis, Ford, & Foster 1999) ;
and (3) correlations between Kuhlthau s
feelings dimensions and uncertainty at
different problem stages (Wilson et al,
2002).

While the above studies in these three
categories present both theoretical and
practical discussions related to uncertainty,
less attention has been paid to perceptions

of uncertainty by end-users who are
engaged in an actual search process with a
real information system, This is particularly
true in examining uncertainty for the
characteristics of the search terms selected
concerning users information needs,
information systems and resources,

2.2 Web Search Behavior Study

Much research has examined user
behaviors in Web-based information-—
seeking within different contexts, but
without specifically focusing on user
uncertainty, That is, user behaviors have
been examined more generally or with a
specified focus other than uncertainty.
Nevertheless, several relevant findings can
be classified into five categories based on
different aspects of information—seeking:
(1) search term selection — difficulties in
formulating Web searching queries (Pollock
& Hockley 1996) ; user mistakes on Web
query inputs (Jansen, Spink, & Saracevic
2000) ; and the limited capacity of
inexperienced searchers for Web search
term selection (Lucas & Topi 2002) (2)
search term selection and system features
— differences in features among search
engines for query formulation (Gordon &
Pathak 1999) ; problems in submitting
queries and difficulties in using Boolean
operations for an academic Web site
(Wang, Berry, & Yang 2003) ; and the
association of Boolean searching on the
Web with user anxiety (Ford, Miller, &
Moss 2003) ; (3) system features — confusion
in using Web search engine features (Su
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2003) ; (4) results evaluation — difficulty
and confusion in comprehending retrieved
resources of library sites (Fitzgerald &
Galloway 2001) ; and (5) the extensive
process of searching — user problems and
system problems in working with online
library systems (Rousseau et al. 1998) ;
sources of user frustration with the Web
search and users suggestions for interface
improvements (Fidel et al. 1999) and types
of problems and anxieties during the Web
search (Wang, Hawk, & Tenopir 2000).
Although these studies present meaningful
points related to users uncertainty on
various aspects, they focused primarily on
the extensive domain of general Web
searching behaviors or specified areas of
such behaviors other than uncertainty.

Overall, then, these studies provide only
limited discussion on uncertainty in user
selection of search terms. Thus, more
focused yet extensive investigation is
needed in this area, using a data collection
framework specifically designed for this
topic, user perceptions of uncertainty in
the selection of search terms for Web—
based information—seeking.

3. Research Method

3.1 Research Scope

A few considerations were necessary to
determine the scope of the present study.
The first consideration was to choose the
disciplinary areas and academic status of
the information searchers investigated.

The researcher decided to focus on academic
researchers in the field of science who
search the Web using a Web search engine,

The second consideration was the scope
of search engine use. This study focused
on investigating the use of the Web search
engine as the primary search tool to locate
various World Wide Web sites. The use of
a search engine only to locate another
Web-based search system (i.e., online
journal databases or OPACs) while using
the located search tool as a main search
system was beyond the scope of this
investigation. This limitation facilitated the
examination of various characteristics of
Web search engines as information retrieval
systems,

3.2 Coliection and Analysis of
Data

This study investigated the users’
information search process within a natural
workplace setting, Fifteen subjects at
Rutgers University participated in this
study. All participants were engaged in an

-actual research process with a real

information need. They sought to use a
commercial Web search engine to search
the World Wide Web based on their own
need, not because they were participating
in this study. Thus, these conditions
constituted the natural setting of the data
collection process.

Following a qualitative approach for data
collection and analysis, the researcher
asked each subject to fill in a questionnaire
and participate in a subsequent interview,
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System Expressive
uncertainty uncertainty
Internal » Represented need < »
need (Query)

(Figure 1) Expressive Uncertainty and System Uncertainty

The subjects responses were coded and
grouped, characterizing various aspects of
uncertainty. As a result, different
dimensions and types of uncertainty were
identified. A type of uncertainty is a
category of incidents of uncertainty with a
common characteristic. A dimension of
uncertainty specifies a broader category
than type it is a category of the types of
uncertainty. Each dimension represents a
category of similar types of uncertainty.

4. Results

Data analysis led to the identification of
two dimensions of uncertainty and nine
different types of uncertainty out of a total
of 40 incidents. The types of uncertainty
assigned to the dimensions are shown in
{Table D, with the number of incidents of
uncertainty in each type and an example
of the incidents presented for each type,
Each example of incident is accompanied
by the subject' s corresponding description,
In addition, the definition of each type and
a list of all incidents of uncertainty are
shown in (Tables 2 and 3, respectively.

The two dimensions of uncertainty
identified in the selection of search terms

were : expressive uncertainty and system
uncertainty — tool and/or resource. The
first dimension, expressive uncertainty,
concerned the subjects uncertainty in the
process of representing their internal need
by selecting search terms. For example, an
uncertainty in this dimension related to a
subject’ s perception of whether an
expressed need or query corresponded to
an internal need (see left portion of Figure
1. This dimension relates to Taylor s (1968)
levels of question formation (visceral,
conscious, formalized, and compromised
need), which were discussed in section 2.1,
According to the subjects responses, their
perceptions of prospective system response
did not influence their uncertainty here,
The type of uncertainty representation of
Internal needs was identified within this
dimension (see Tables 1, 2, and 3). The
type of uncertainty representation of
internal needs concerned the selection of
search terms that accurately describe a
user s perceived information need (see
Table 2). Two incidents of uncertainty
categorized into this type were :

» selection of topical terms — lack of
domain knowledge (S005) and
= consistency between internal need and
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(Table 1) Types of Uncertainty in the Search Strategy — Selection of Search Terms

Dimension Example of o o
of uncer — Types of No.of |3 Gdent of Subjects Descriptions
tainty Uncertainty incidents Uncertainty (Subject # ~ Instrument)
Consistency
Expressive | Representation of 9 %ﬁggﬁgﬁl need “Search term(s) may not exactly point out my
uncertainty | internal needs need.” (SO011 - Q

and expressed
need

Avoiding “I?f?fore I try it,f I amkwondering [about the]
excessive effectiveness of my keywords since the Web
Search output 4 number of searching commonly showed me a ton of hits.”
returns (S001 - Q
“Nickel. Gives results unrelated to catalysts.”
Search ﬁgﬁ‘s,agiiigée d (S013 — @ ; “~-which are pretty common words,
mechanism — 9 — terms in you know, nickel, or catalysis, and upon typing
polysemy/ different those words individually into Google, you get
homonymy contexts results most of which are not related to what
you re interested in.” (SOI3 = 1)
“There’ s no set method of [for]the formatting of
Search Use of Boolean the operators on the different databases so once
mechanism — use 4 se Ot 0 again you have to look everything up. And also
of search feature operators on some of the search engines, they don't seem
to work the same.” (SOI0 — 1)
Search L “ . " " . »
o Deciding the Technical reports’ OR "Technical report
;%%ﬁi?;ﬁgn use of (S003 - @ 5 “Fdon’ t know actually whether or
singular/plural & 3 singular/plural | not Google performs stemming or whether they
t guiar/p for search truncate this reports term to Teport . (S003 -
runcation of term )
term
System Specifying the | “Which term should I use to specify a particular
uncertainty Search type of . resource? (S0I5 — Q) Search term Review
- tool mechanism — 9 resource — | worked for another need but I am not sure how it
and/or ec '+ lecture note’ | will work for this particular need. I may want to
resource | FeSOUrce Wype instead of be more specific for resource type using Lecture
review Note as a search term,” (S015 — I)
“Not sure how to present search terms as a
phrase,” (S007 ? Q) ; “What I want i}s1 to find out
: some site that included every search term---
Formm_atmagrch together-- If I put like 3—D cell migration...there
Search skill 3 gtﬁ;y se are three words. Three—D cell migration. I wanna
eh r a: eas a search every term together:-- not separately.
p (asked about using a quotation mark or the exact
phrase search available in advanced search) No--
I did not know." (D)
e Extent to “When I use narrow search terms, I could get a
Spemlfllctlty of 6 narrow down | good result but might miss other good results.”
search term search terms | (SO01 -1
Inter — ‘I am a biochemical engineer, but I am trying to
Inter — disciplinary find information from the] biology and chemistry
disciplinary & variation in ﬁeld[s]'~'§here might be some dlfferenge between
inter ~ augh or/ 8 the use of engineering terms and science terms,” (S00I7Q) 1
mter - t terminology — | do have [an] engineering background, but I'm
Sygamza 1on selecting right | working on plant science research field, I have
1screpancy nomenclature | not studied plant biology well. Maybe I can miss
in the field some important terminology.” (SOOI — 1)
Total 40

Note, Q = Questionnaire ; I = Interview
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(Table 2) Uncertainty in the Search Strategy — Selection of Search

Terms : Definition of Types

Dimension I, Expressive uncertainy

Types of Uncertainty

Definitions

Representation of
internal need

Selection of search terms that accurately describe the user s perceived
information need

Dimension I, System uncertainty — tool & resource

Types of Uncertainty

Definitions

Search output

Yielding an ideal quantity of results or relevant results

Search mechanism -
polysemy/homonymy

Retrieval mechanisms of search engines concerning a search term
(phrase) with tae different related senses of a single meaning
(polysemy)or more than one literally different meaning (homonymy)

Search mechanism — use

of search feature

Retrieval mechanisms of search engine with respect to using its
search features

Search mechanism -
abbreviation,
singular/plural &
truncation of term

Retrieval mechanisms of search engine with respect to the following :
using abbreviazion as (a) search term(s), using a singular or plural
search term or determining the extent to truncate (a) search term(s)

Search mechanism -
resource type

Retrieval mechanism of search engine, which locates a specific type
of resource necessary to the user

Search skill

Subjects’ self—perceived skill at presenting effective terms to search
engine

Specificity of search
term

Degree of broadness and narrowness of a term with respect to its
meaning

Inter—disciplinary ~
inter—
author/organization
discrepancy

Differences between authors, disciplines, and organizations with
respect to the use of terminology in various aspects (i.e., selection of
different terms in representing an identical concept/entity ;
inconsistent use of acronym and abbreviation)

expressed need (S011) (see Table 3),

For example, Subject 005 indicated
uncertainty in selection of topical terms —
insufficient knowledge of a topic by the

following response :

“Choice of search terms (antioxidants —

glutathione, atheroslerosis, LDL, alpha-
tocopherol)--. This is related to how well
the term you choose to put in your search
engine describes what you need to find
and whether there would be some other
terms that would describe your need
better. And this is related to the knowledge
also on your knowledge of the subject:--,
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(Table 3) Uncertainty in the Search Strategy — Selection of Search
Terms :Incidents for Each Type

Dimension I. Expressive Uncertainty

Type - Representation of internal need (2)

Selection of topical terms — lack of domain knowledge (S005)
Consistency between internal need and expressed need (S011)

Dimension II. System uncertainy — tool & resource

Type — Search output (4)

Avoiding an excessive number of returns (S001)
Selecting the right set to avoid an excessive number of
irrelevant returns (S006)

Combining terms to reduce the number of returns (S006)
Avoiding an excessive number of irrelevant returns
(S008)

Type — Search mechanism — polysemy/ homonymy (9)
Relevance of items retrieved - terms in different
contexts (5005)

Relevance of items retrieved — use of acronyms (S005)
Relevance of items retrieved — use of numbers (S009)
Relevance of items retrieved — terms in different
contexts (S013)

Relevance of items retrieved - terms in different
contexts (S013)

Relevance of items retrieved — terms in different
contexts (S014)

Relevance of items retrieved — terms in different
contexts of disciplines (S005)

Relevance of items retrieved - terms in different
contexts of disciplines (S012)

Relevance of items retrieved — terms in different
contexts of disciplines (S015)

Type ~ Search mechanism — use of search feature (4)
Use of search feature — quotation mark for exact phrase
search (S003)

Use of search feature — Boolean operators and quotation
mark (S003)

Use of search feature — Boolean operators (S004)

Use of search feature — Boolean operators (S010)

Type — Search mechanism — abbreviation,
singular/plural & truncation of terms (3)

Deciding the use of singular/plural of search terms
(S003)

System reaction to abbreviation (S007)
Determining the extent to truncate terms (S010)

Type — Search mechanism — resource type (2)

Specifying the type of resource — article instead of
commercial sites (S002)

Specifying the type of resource ~ lecture note instead of
review (S015)

Type — Search skill (3)

Appropriateness of search terms (S001)

Formulating query — search terms as a phrase (S007)
Matching with index term (S011)

Type — Specificity of search term (4)

Extent to narrow down search terms (S001)
Determining specificity of search terms (S002)
Determining specificity of search terms (S006)
Specificity of terms selected (S008)

Type - Inter—disciplinary & inter—author/organization

. discrepancy (8)

Inter—disciplinary variation in the use of terminology -
selecting right nomenclature in the field (S001)
Variation in word form — singular/plural (S004)
Variation in word form — acronym (S004)

Inter—author variation in the use of terminology (S008)
Variation in word form ~ spelling (S010)

Variation in word form — abbreviation(S010)

Variation in word form — acronym (S013)
Inter—disciplinary & inter—author variation in the use of
terminology — selecting right nomenclature in the field
(S010)

Note. Number of incidents for each type is in parentheses,
Subject number for each incident is in parentheses,
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So if you don't have sufficient knowledge
of your topic yet and you are at the initial
stage, you may not choose the best, the
most appropriate terms for the search you
need. So you won't get that relevant
information to your topic.... It's not
relevant to the search engine, it's an
uncertainty of the terms you choose to put
in your search engine.”

In another example, Subject 011 indicated
uncertainty in consistency between internal
need and expressed need by the following
response .

“Search terms may not exactly point out
my need- What matters is that maybe my
choice of the words or my combination of
the words there do not express exactly
what I am looking for. So it can take me
somewhere else, some different things that
I don’t want, so that' s the kind of
uncertainty’ (see Table 1),

Both of these incidents of uncertainty
have no relation to the subjects perceptions
of system responses on query terms.
Accordingly, these incidents belong to the
first dimension.

The second dimension, system uncertainty
— tool and/or resource, related to the
subjects perceptions of how the system
would respond to selected search terms
(see right portion of Figure 1). Subjects
perceptions of different aspects of an
information system regarding a search
engine as a search tool and/or WWW sites

as the resource of the system influenced
uncertainty in this dimension,

Uncertainties in this dimension were not
further categorized according to the two
components of the information system :
search tool and resource. This was because
most uncertainties or types of identified
uncertainty can possibly relate to both
components of the information system, For
example, Subject 003 expressed uncertainty
in determining whether to use the singular
or plural form of a search term, indicating
as follows :

‘T don’t know actually whether or not
Google performs stemming or whether
they truncate this ‘reports’ term to

L]

‘report .

This uncertainty explicitly related to the
function of an information system as a
search tool Yet, the search result can be
influenced by whether the search term
“Technical reports” or “Technical report’
was presented as singular or plural in the
text of the WWW resource, This suggests
that this particular incident related to a
characteristic of WWW resburce as well
(see Table 1).

Eight different types of uncertainty
identified within this second dimension
were -

= search output
s search mechanism —
polysemy/homonymy
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» search mechanism —
use of search feature

s search mechanism — abbreviation,
singular/plural & truncation of term

= search mechanism — resource type

s search skill

= specificity of search term and

» inter—disciplinary & inter —
author/organization discrepancy (see
Tables 1, 2, and 3).

The above types were assigned to this
dimension because they related to the
users perceptions of different aspects of
an information system. Different aspects
(i.e., functions of interface features)
influenced the identification of these types.
The following discusses the types of
uncertainty in the second dimension and
presents the incidents of uncertainty
assigned to each type.

The type of uncertainty search output
concerned yielding an ideal quantity of
results or relevant results (see Table 2).
The four incidents of uncertainty
categorized into this type included :

» avoiding an excessive number of
returns (S00D) ;

s selecting the right set to avoid an
excessive number of irrelevant returns
(S006) ;

s combining terms to reduce the
number of returns (S006) ; and

= avoiding an excessive number of
irrelevant returns (S008) {see Table 3.

For example, Subject 001 indicated
uncertainty in avoiding an excessive
number of returns by following response :

“Before I try it, ] am wondering [about
the] effectiveness of my keywords since
the Web searching commonly showed me a
ton of hits” (see Table 1).

The type of uncertainty search
mechanism - polysemy/homonymy
concerned retrieval mechanisms of search
engines concerning a search term/phrase
with the different related senses of a
single meaning (polysemy) or more than
one literally different meaning
(homonymy)The definitions of polysemy
and homonymy reflect those provided in
relevant literature on the notion of
ambiguity. The researchers include Cottrell
(1989) and Small, Cottrell, and Tanenhaus
(1988).(see Table 2). The nine incidents of
uncertainty categorized into this type
included :

= relevance of items retrieved —
terms in different contexts (S005) ;

s relevance of items retrieved —
use of acronym (S005) ;

= relevance of items retrieved —
use of numbers (S009) ;

s relevance of items retrieved — terms
in different contexts (S013, S013,
S014) ; and

s relevance of items retrieved — terms
in different contexts of disciplines
(S005, S012, S015) (see Table 3).
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For example, Subject 013 indicated
uncertainty in the relevance of items
retrieved — terms in different contexts by
the following response :

“‘Nickel.” Gives results unrelated to
‘catalysts’ ...which are pretty common
words, you know, ‘nickel, or ‘catalysis,
and upon typing those words individually
into Google, you get results, most of which
are not related to what you re interested
in” (see Table 1.

In this incident, the subject questioned
the system response to an ambigucus
word, “nickel,” which can be either a coin
or a kind of metal,

The type of uncertainty search
mechanism — use of search feature
concerned the retrieval mechanisms of
search engines regarding their search
features (see Table 2). The four incidents
of uncertainty categorized into this type
included :

s use of search feature — quotation
mark for exact phrase search (S003) ;

= use of search feature — Boolean
operators and quotation mark
(S003) ; and

= use of search feature — Boolean
operators (S004, S010) (see Table 3),

For example, Subject 010 indicated
uncertainty in the use of Boolean operators
by the following response :

“There’ s no set method of [for] the
formatting of the operators in the different
databases, so once again you have to look
everything up. And also on some of the
search engines, they don’ t seem to work
the same’ (see Table 1),

The type of uncertainty search
mechanism — abbreviation, singular/plural
& truncation of term concerned the retrieval
mechanisms of a search engine with
respect to using an abbreviation as a
search term, using a singular or plural
search term or determining the extent to
truncate a search term (see Table 2). The
three incidents of uncertainty categorized
into this type included :

= deciding the use of singular/plural of
a search term (S003) ;

w gystem reaction to abbreviation
(3007) ; and

» determining the extent to truncate
terms (S010) (see Table 3),

For example, Subject 003 indicated
uncertainty in deciding on the use of the
singular/plural of a search term by the
following response :

“‘Technical reports’ OR ‘Technical
report.” ==+ I don’ t know actually whether
or not Google performs stemming or
whether they truncate this ‘Teports term
to report.” (see Table 1).

The type of uncertainty search
mechanism — resource type concerned the
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retrieval mechanism of a search engine,
which located a specific type of resource
necessary for the user (see Table 2). The
two incidents of uncertainty categorized
into this type were :

» specifying the type of resource —
article instead of commercial sites
(3002) and

= specifying the type of resource —
Tecture note” instead of ‘review”
(S015) (see Table 3).

For example, Subject 015 indicated
uncertainty in specifying the type of
resource — ‘ecture note” instead of ‘review’
by the following response :

“Which term should I use to specify a
particular resource?-:. Search term
Review worked for another need, but I
am not sure how it will work for this
particular need. I may want to be more
specific for a resource type using TLecture
Note as search term’ (see Table 1).

The type of uncertainty search skill
concerned subjects’ self—perceived skills at
presenting effective terms to a search
engine (see Table 2). The three incidents of
uncertainty categorized into this type
included :

= appropriateness of search terms
(800D ;

= formulating query — search terms as a
phrase (S007) ; and

» matching with index term (S011) (see

Table 3).

For example, Subject 007 indicated
uncertainty in formulating query — search
terms as a phrase by the following
response -

“Not sure how to present search terms
as a phrase::~, What [ want is to find out
some site that included every search
term--together--if I put like 3-D cell
migration.... There are three words.
Three—D cell migration. I want to search
every term together---not separately. [asked
about using a quotation mark or the exact
phrase search available in advanced search]
No-I did not know” (see Table 1),

In this incident, the subject did not
indicate difficulty in expressing his need.
Instead, he experienced uncertainty in
presenting his need appropriately to the
information system,

The type of uncertainty specificity of
search term concerned the degree of
broadness and narrowness of a term with
respect to its meaning (see Table 2). The
four incidents of uncertainty categorized
into this type included :

= extent to narrow down search terms
(S00Y) 5

» determining specificity of search
terms (8002, S006) ; and

s specificity of terms selected (S008)
(see Table 3).
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For example, Subject 001 indicated
uncertainty in the extent to narrow down
search terms by the following response :

“When I use narrow search terms, I
could get a good result, but might miss
other good results’ (see Table 1).

This incident suggests that the user was
aware of the relationship between recall
and precision.

The type of uncertainty inter—disciplinary
& inter—author/organization discrepancy
concerned the differences between authors,
disciplines, and organizations with respect
to the use of terminology in variocus
aspects (.e., selection of different terms in
representing an identical concept and
entity inconsistent use of acronym and
abbreviation) (see Table 2). The eight
incidents of uncertainty categorized into
this type included :

» inter—disciplinary variation in the use
of terminology — selecting right
nomenclature in the field (S001) ;

» variation in word form —
singular/plural (S004) ;

= variation in word form — acronym
(S004) ;

» Inter—author variation in the use of
terminology (S008) ;

» variation in word form — spelling
(S010) ;

» variation in word form — abbreviation
(S010) 5

= variation in word form — acronym

(S013) ;

» inter—disciplinary & inter—author
variation in the use of terminology —
selecting right nomenclature in the
field (S010) (see Table 3).

For example, Subject 001 indicated
uncertainty in inter—disciplinary variation
in the use of terminology by the following
response -

‘T am a biochemical engineer, but I am
trying to find information from [the]
biclogy and chemistry fields:--there might
be some difference between engineering
terms and science terms'-. I do have [an]
engineering background, but I m working
in the plant science research field. I have
not studied plant biclogy well. Maybe I can
miss some important terminology” (see
Table 1).

In this incident, the subject was aware
of a problem in selecting search terms, but
showed the lack of ability to solve it.

5. Discussion

This section has the following three
subsections. The first subsection, 5.1,
discusses exemplary incidents of uncertainty
in relation to the information seeking
context of the subjects. The second
subsection, 5.2, addresses the usefulness of
the typology of uncertainty for
understanding the subjects’ uncertainty
and their information seeking context,



300 Journal of the Korean Society for Information Management, 23(2), 2006

The final subsection, 5.3, explains primary
origins of uncertainty and its implications
to improve information systems and
services,

5.1 Uncertainty and Understanding
the Information Seeking Context

The analysis of uncertainty in the
information—seeking process offers insights
into the understanding of individuals’
information—seeking context. As indicated,
the incidents of uncertainty identified in
the search term selection phase reflected
the subjects’ perceptions of their
information needs, the systems used, and
the resources of the systems. Accordingly,
the incidents of uncertainty identified in
this phase facilitated an understanding of
the following components with respect to
selecting search terms: scholarly
researchers information needs in the area
of science the Web search engines selected
by the researchers and WWW sites, the
resources provided by the search engines.

Some incidents of uncertainty identified
in this phase of the information search did
not directly pertain only to the
characteristics of Web search engines,
Rather, those incidents may occur in many
other retrieval systems. For example,
Subject 013 showed uncertainty in the
search mechanism of a Web search engine
with respect to handling an ambiguous
term (nicke) with more than one meaning
(i.e., nickel for metal or for coin). Yet, in
this particular incident — a chemistry
researcher using a search term, nickel —

the user would likely have a greater
uncertainty in selecting this search term
(nickel) when using a commercial Web
search engine compared to a specialized
database in the chemistry field. The term
would have less variation in its meanings
in the texts of a chemistry database,
compared to those of WWW sites which
have no limitations in topical domain.

The notion of ambiguity has gained
significant attention in the IR community.
A considerable body of literature discussed
the ambiguity of (query) terms in IR
contexts, pointing out the shortcomings of
retrieval systems in handling ambiguous
terms. Most recent works include a study
by Kim (2003), who extensively reviewed
relevant studies and presented a typology
of wvarious ambiguities in user
representations of information problems.
By contrast, the present study focused on
various information seeking phases and
identified the ambiguous representation as
one of many reasons for user uncertainty.
Kim (2003) analyzed user representations
of information needs in his ambiguity
study. By doing so, he discussed the
prospective improvement of retrieval
systems and services in handling such
representations. In Kim' study, the
following three aspects of retrieval systems
and services were emphasized as an
attempt to enhance user—system interaction
and user—information intermediary
interaction : () increasing user—inputs ; (2)
reducing search space by disambiguating
queries and (3) clustering search results
according to the characteristics of located
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resources,

Some incidents of uncertainty in thkis
information seeking phase more explicitly
explained the users information seeking
context. The following different aspects of
the information seeking process influenced

these incidents : user need concerning its
disciplinary area, and information system
with regard to inter—text variation in
representing an acronym. Ultimately, three
incidents of uncertainty were identified, as
shown in (Table 4).

(Table 4) Uncertainty and the Information Seeking Context — Search Term Selection

Uncertainty Information Seeking Context (ISC)
Exemplary Subjects’ Descriptions Components | Related Characteristics
Incidents (Subject # ~ Instrument) of the ISC of the Components
Inter—
gﬁﬁ%ﬁ?% ‘1 am a biochemical engineer, but 1 User need —
! am trying to find information from N Multidisciplinary aspect
the use of [ ; . ; disciplinary area ; \
- the] biology and chemistry fields-- . . of research/information
terminology . . (biochemical
. there might be some difference ) - need
~ selecting - - d engineering) Field of .
right be}aween er&n”eerm&terms an Resource ield of pure science
nomenclature | SCience terms, (S001 - @
in the field
“Also, the problem is that even
within chemistry, people will use
different terms. If terms are, if
_ things were discovered and
‘I,I;tr?;tioiuitémr synthesized before IUPAC* came out
the use of gnth. a la“.’ for them, if ycu'r € Resource ~ A high degree of inter —
. ealing with older professors in NN . .
terminology — . disciplinary area | author discrepancy in
; : older groups, they will use the other . .
selecting right This i fre— thi (chemistry) the use of terminology
nomenclature terms. This is very re—, this very
in the field frequently happens in the organic
field---. For a common chemical we
use now, in the United States, there
are twelve names commonly being
used for it.” (5010 - 1)
“Use of acronyms (e.g., LDL Low-—
Density Lipoproteins)” (S005 — Q)
“This acronym is usually recognized
by an academic database if you put | Information .
Belevance‘of it as a search term, while if you put | system & A h‘1g}.1 degree of
items retrieved| - — - - _ variation in the
_ it in a commercial search engine, resource — Web .
use of - . representation by an
acron this could cause a problem because |search engine acronym (WWW sites)
ym there may be other substances or and WWW sites ¥
companies or anything else that has
[have] these, these three letters as
an acronym.” (S005 - I)

Note, IUPAC = International Union of Pure and Applied Chemistry. (The subject meant glossary
books published by IUPAC) ; @ = Questionnaire ; I = Interview
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The first two incidents in the table relate
to the users’ disciplinary areas of
biochemical engineering and chemistry (see
Table 4). In the first incident, Subject 001
showed uncertainty concerning inter—
disciplinary variation in the use of
terminology.

This particular uncertainty relates to the
multidisciplinary aspect of the subject s
information need as a biochemical
engineering researcher and the disciplinary
area of necessary resources. The second
incident also pertained to the user’ s
disciplinary field and a characteristic of
resources in the field. The chemistry
researcher (Subject 010) emphasized a high
degree of inter—author discrepancy in
naming chemicals in her field in the
following response :

“For a common chemical we use now in
the United States, there are twelve names
commonly being used for it.”

This caused Subject 010 uncertainty in
selecting the right nomenclature in the
field.

In the third incident, Subject 005
attributed her uncertainty to the use of a
Web search engine instead of an academic
database. Concerning the use of the
acronym LDL as a search term, the subject
expressed uncertainty in the relevance of
the items retrieved because of a possible
variation in the use of the acronym in
WWW sites. The subject pointed out a

difference between using a search engine
or a database in the following response :

“This acronym is usually recognized by
an academic database if you put it as a
search term, while if you put it in a
commercial search engine, this could cause
a problem because there may be other
substances or companies or anything else
that has [have] these, these three letters
as an acronym.”

The incidents of uncertainty identified in
the search term selection phase offered
insights into the users information seeking
context concerning their information need
and the information system and resource
they selected. The findings revealed
variations in different incidents of
uncertainty with respect to their relatedness
to the unique characteristics of the
information seeking context. As indicated,
some incidents more explicitly differentiated
the users information seeking context
from other such contexts. '

5.2 Types of Uncertainty and
Facilitation of Understanding
the Information Seeking
Context

Identifying the dimensions and types of
uncertainty in this study facilitated an
understanding of the users uncertainty,
thereby providing insights into their
information seeking context. Both
dimensions and types characterized specific
aspects of the user, the information
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system, and/or its resources, For example,
in the search term selection phase, the
dimensions and types facilitated an
understanding of the users’ needs, the
information system, and selected resources.
The typology in this phase was useful for
identifying various aspects of the
uncertainty related to the scholarly
researchers information needs, Web
search engines, and World Wide Web sites,

As discussed, the analysis of uncertainty
in selecting the search terms identified two
dimensions of uncertainty : expressive
uncertainty and system uncertainty — tool
& resource. This indicated that the users
uncertainty in this phase related to the
following aspects of the information
seeking process : correspondence betwesn
an expressed need and an internal need or
the response of a system to search terms
presented for the first and second
dimensions, respectively,

The types of uncertainty identified
within each dimension indicated that the
subjects perceived uncertainty in various
aspects related to the information seeking
process, For example, the type of
uncertainty within the first dimension,
expressive uncertainty, was representation
of internal needs, which concerned the
accurate representation of the users’
perceived information needs (see Tables 1,
2, and 3).

The types of uncertainty identified
within the second dimension, system
uncertainty — tool and/or resource, reveaied
more diverse aspects of the information—
seeking process. These different aspects

constituting the users uncertainty in each
type were: quantity of search results, as
revealed in the type of uncertainty search
output ; a search term with the different
related senses of a single meaning
(polysemy) or multiple
(homonymy), as revealed in the type of

meaning

uncertainty, search mechanism -
polysemy/homonymy ; search features and
the retrieval mechanism of search engines,
as revealed in the type of uncertainty
search mechanism ~ use of search feature;
abbreviation, singular and plural, and
truncation of terms, as revealed in the
type of uncertainty search mechanism -
abbreviation, singular/plural & truncation
of term; a resource type necessary for the
user, as revealed in the type of uncertainty
search mechanism - resource type;
subjects’ self—perceived skills, as revealed
in the type of uncertainty search skill ; the
broadness and narrowness of the meaning
of search terms, as revealed in the type of
uncertainty specificity of search term ; and
differences between authors, disciplines,
and organizations with respect to the use
of terminology, as revealed in the type of
uncertainty inter—disciplinary & inter—
author/organization discrepancy (see Tables
1, 2, and 3),

As addressed above, the typology of
uncertainty helped to identify different
aspects of the information seeking process
that constituted the users' uncertainty,
The identification of those aspects facilitated
an understanding of the users information
seeking context, which concerned varying
components in the different phases of
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information seeking,

5.3 Origin of Uncertainty and lts
Implications

This section discusses two principal
origins of uncertainty and the implications
of such findings on improving information
systems and services. The information
system perspective mainly focused on
discussing the various aspects of Web
search engines that caused the users
uncertainty.

The information service perspective may
require an explanation about the study s
data collection method. Although the
dataset for this study was collected without
a human information intermediary engaged
in the subjects search process, the findings
can be nonetheless meaningfully extended
to the prospective design of information
services. The dialogue interaction between
researcher and subjects in the actual
information— seeking process, as examined
in this study, can contribute a good
prototype for interactions between
intermediaries and information users,

For example, understanding a patron’s
uncertainty would be an important segment
of a reference librarian' s task and would,
in turn, facilitate the librarian in providing
appropriate service to the user. This
supports speculation on how to improve
information services, as discussed below in
this section,

The findings, as shown in (Table 5),
revealed the following principal origins of
user uncertainty. The user—side involved

limited knowledge of the functions and/or
features of the information system. The
system—side included Iimited retrieval
mechanisms for utilizing the characteristics
of resources,

The identification of the above origins
did not aim to exclusively encompass all
types of uncertainty or incidents of
identified uncertainty. Some types or
incidents of uncertainty related to more
than one origin. In some incidents, the
subjects’ descriptions did not provide a
sufficient rationale to relate uncertainty to
any of the two origins, To some extent,
the above origins were not completely
comprehensive. Yet, identifying the two
principal origins was important as it led to
practical ideas that generated the
implications of this study.

The origin of uncertainty on the user—
side concerned Ilimited knowledge of the
functions and/or features of the information
system. A type of uncertainty related to
this origin was search mechanism — use of
search feature. The subjects showed limited
knowledge of the following area in this
type of uncertainty : retrieval mechanisms
of search engine with respect to using its
search features,

This origin of uncertainty suggested the
need to improve information systems and
to provide relevant services for users who
have limited knowledge of the above areas.
The system perspective concerned the
enhancement of the Help section interface.
HCI research in Help systems indicates
that most computer users seldom read the
instruction manual or use “Help.” In the
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(Table 5) Origins of Uncertainty and Types of Uncertainty Related

Origins of Uncertainty

Types of Uncertainty Related

User—side

Limited knowledge of the
functions and/or features
of information systems

Search skill Search mechanism — use of
search feature

Limited retrieval
System~side

resources

mechanisms for utilizing
the characteristics of

Search mechanism -
polysemy/homonymy Inter—disciplinary
& inter—author/organization
discrepancy

information service perspective, a possible
intervention for users who have limited
knowledge of the above aspect would
involve providing appropriate explanations
about the system or suggesting the use of
other applicable systems.

The origin of uncertainty on the system-—
side involved limited retrieval mechanisms
for utilizing the characteristics of the
resource, The types of uncertainty related
to this origin included : search mechanism
- polysemy/homonymy, and inter—
disciplinary & inter—author/organization
discrepancy. These types of uncertainty
related to the limited retrieval mechanisms
of Web search engines for utilizing
characteristics of Web resources, In cther
words, Google and Yahoo, the Web search
engines used in this study utilized only
restricted aspects of the resource
characteristics during the retrieval process.
Such limitations influenced the users
uncertainty.

For instance, as an example of search
mechanism —~ polysemy/homonymy, if the
system had further utilized the related
characteristics of resources. the retrieval of

irrelevant sites, relying on the occurrence
of a certain search term, would have been
avoided. An example of such utilizations
comes from the analysis of terminologies
that appear in the text to identify topics
covered or intended audience. The analysis
of a Web site' s terminology would indicate
its domain or targeted audience. This
suggests that users would experience less
uncertainty if the system had a function to
further utilize the characteristics of
prospective resources,

Many of the above limitations of
information systems have been widely
treated in the IR research community, yet
progress has been moderate. This study
empirically supports the significance of
these aspects,

From an information service perspective,
a possible intervention would involve
explaining the limitations of the information
system so that users have a greater
understanding of the system. Thus, they
would know which resource characteristics
were utilized by the system during the
retrieval process.
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6. Conclusion

The analysis of uncertainty in this study
was useful for generating implications of
the research findings to improve
information systems and services.

It would be a meaningful attempt for
LIS research to apply a similar approach

to different information—seeking contexts.
Related components other than researchers
in science, Web search engines, and World
Wide Web sites would constitute different
information—seeking contexts. Further
development of the research method may
enable better facilitation of future research
processes,
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