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Abstract. Subjective relevance (SR) is defined as usefulness of documents for
tasks. This paper enhances objective relevance and tackles its limitations by
conducting a quantitative study to understand students’ perceptions of features
for supporting evaluations of subjective relevance of documents. Data was ana-
lyzed by factor analysis to identify groups of features that supported students’
document evaluations during IR interaction stages and provide design guide-
lines for an IR interface supporting students’ document evaluations. Findings
suggested an implied order of importance amongst groups of features for each
interaction stage. The paper concludes by discussing groups of features, its im-
plied order of importance, and support for information seeking activities to pro-
vide design implications for IR interfaces supporting SR.
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1 Introduction

Information retrieval (IR) systems are traditionally developed using the “best match”
principle assuming that users can specify their needs in queries [3]. It retrieves docu-
ments “matching closely” to the query and regards these documents as relevant. Here,
relevance is computed objectively using a similarity measure between query terms
and terms in documents without considering users’ needs and tasks [24].

This paper enhances objective relevance and addresses its limitations by taking a
quantitative, subjective relevance (SR) approach. The SR concept provides suitable
theoretical underpinnings for our approach as it focuses on document’s relevance for
users’ needs [12]. This paper builds on an initial study [15] where features supporting
users’ evaluations of subjective relevance of documents were elicited. Here, we aim
to understand university students’ perceptions for elicited features. Specifically, we
use factor analysis to investigate groups of features and their implied order of impor-
tance to provide design guidelines for IR interfaces supporting SR.

Our approach may show designers how users’ perceptions of importance of fea-
tures may be elicited and how factor analysis may be used to imply order of impor-
tance for features so that better decisions are made to design IR interfaces supporting
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users’ relevance evaluations of documents. Similarly, our work applies to digital li-
braries by supporting designers determine design features for IR interfaces so that
users are guided to find documents based on their needs.

2 Related Work

Different approaches have attempted to enhance objective relevance by developing
user-centered IR systems. One method adopts an algorithmic approach to support
techniques like collaborative browsing and collaborative filtering in IR systems. Col-
laborative browsing aims to understand how users interact with other users to facili-
tate browsing processes and retrieve relevant documents. An example application is
Let’s Browse [16]. Collaborative filtering helps users retrieve relevant documents by
recommending documents based on users’ behaviors and behaviors of similar users.
Example applications are Fab [1] and GroupLens [23].

In the digital library domain, researchers have tried to design user-centered systems
that helped users retrieve relevant documents. One such work is the Digital Work
Environment library [18] which points users of a university digital library to relevant
documents based on their user categories and tasks. Another example uses a participa-
tory design approach through techniques like observations and low-tech prototyping
to develop a user-centered children’s digital library called SearchKids [9].

Another research area looks at user-centered criteria and dimensions affecting rele-
vance judgments, such as, [2] and [19]. These works may allow IR designers to pro-
vide appropriate information that helps users find documents for tasks.

3 Theoretical Framework

Our approach differs from those highlighted in Section 2. Firstly, we focus on the
location stage in the information life cycle [11], where we use SR to elicit features
supporting users’ relevance evaluations of documents. Secondly, we conducted a
quantitative study identifying users’ perceptions of elicited features. Factor analysis
was used to discover groups of features for IR interaction stages and their implied
order of importance amongst groups to provide design guidelines for IR interfaces
supporting users’ evaluations of relevance of documents for academic research.

This paper builds on our first study [15]. SR [6], information seeking in electronic
environments [17], and a model of user interaction [21] were used to provide rationale
for the first study. In that study, the SR concept was used to elicit features. SR was
defined as usefulness of an information object for users’ tasks [4]. SR also referred to
different intellectual interpretations that a user conducted to interpret if an information
object was useful [4]. The four SR types were [6]:

= Topical relevance: This relevance is achieved if the topic covered by the assessed
information object corresponds to the topic in user’s information need.

= Pertinence relevance: This relevance is measured based on a relation between user’s
knowledge state and retrieved information objects as interpreted by the user.

= Situational relevance: This relevance is determined based on whether the user can
use retrieved information objects to address a particular task.

= Motivational relevance: This relevance is assessed based on whether the user can
use retrieved information objects in ways that are accepted by the community.
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The first study also investigated how stages in Marchionini’s [17] model of infor-
mation seeking were mapped to phases in Norman’s [21] model of user interaction.
The mapping aimed to illustrate how users might interact with an IR system to com-
plete tasks. Our mapping showed that Marchionini’s [17] model was similar to Nor-
man’s [21] model in terms of three stages (see Figure 1). It was implicitly inferred
that Norman’s [21] stages of task completion could be implied in each stage as each
stage involved completing a task, such as, query formulation.

In the first study, subjects completed a task using exemplary IR systems. The
task informed subjects to think about what features supported their relevance
evaluation of documents. Subjects brainstormed SR features for IR interfaces. Elic-
ited features were analyzed using SR types, stages in information seeking and
phases in the model of user interaction to understand how students’ used features
during IR interactions. Features not coded to SR types were removed. Details of this
study are found in [15].

Stage 1 (Search page) Execute query in search page
Formulate query (During execution phase)
(Before execution phase) >

A

Stage 3 (Document record page)
Use details about documents to evaluate
relevance (After execution phase)

Stage 2 (Results list page)
['4——| Review documents retrieved
(After execution phase)

Fig. 1. Stages of Users’ Interactions in IR Systems

4 A Study

Using digital libraries as examples of IR systems, we designed a survey form and
conducted a study based on SR features from the first study. In an ideal situation,
various methods, such as, reviewing IR systems and asking large groups of users
could be used to get features for the survey. However these methods could yield
many features and made decisions on what features to be included in the survey
difficult.

The study was exploratory and aimed to gather students’ perceptions of features
elicited in the first study. Specifically, the study investigated students’ perceptions of
features as they imagined completing a task in a digital library. Data gathered were
analyzed using exploratory factor analysis (EFA) as EFA removed redundant features
and identified relationships so that groups describing most of the original data were
discovered [14; 20]. Thus, groups of features supporting students’ IR interaction
stages could be identified to provide guidelines for designing IR interfaces supporting
SR. Reasons for conducting the quantitative study was because a qualitative study
could be expensive and time-consuming as there was a need to interview subjects,
videotape and transcribe interviews. Moreover, the qualitative study might gather rich
data with many relationships that made it difficult to remove redundant features and
data gathered might not be generalisable to larger populations.
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4.1 Designing the Survey Form

The designed survey form consisted of three parts:

= Part 1 provided a brief overview of the study.

= Part 2 included a glossary of difficult terms to help participants rate SR features.

= Part 3 consisted of two sections. Section A contained a list of 50 SR feature
questions. A five-point Likert scale (very important; important; neutral; not very
important; not important) was used to rate each SR feature. Our previous work [15]
indicated that SR judgments were related to users’ tasks and IR interactions. Hence,
a task scenario and stages that students might experience were highlighted at the
start of Section A. The IR interaction stages were: S1) formulate and execute query
in the search page; S2) review documents in results list; and S3) view details in the
document record page to support evaluation of documents. Participants considered
the task and stages as they rated SR features. This approach was in line with Car-
roll’s [5] scenario-based design. Section B contained demographic questions.

The form was pilot-tested with 2 self-reported information seeking experts and 2
novices. Their feedback indicated that questions might be organized by IR interaction
stages. Analyses done in the first study [15] were used to re-organize questions.

4.2 Methodology

The survey form was handed out during 6 Master’s level and 8 Undergraduate level
classes. Participants rated their perceptions of importance of SR features based on a
given scenario of use. 565 responses were received of which 465 were valid. A valid
response was defined as a form that had all 50 SR feature questions answered.

Profiles of Participants

48.4% of students were males and 51.6% of students were females. Ages ranged from
18-49 years old and 65% were less than 23 years old. The high percentage of students
younger than 23 years old was because most of them were undergraduates.

Data Analysis Method

EFA was conducted according to organization of questions into the 3 interaction
stages. EFA was conducted using Principle Components Analysis with varimax rota-
tion and a 0.4 factor loading. This factor loading was suitable for EFA [20].

Three heuristics were used to extract the number of factors for each analysis. In the
first heuristic, factors were extracted above the “elbow” of the scree plot [14; 20]. The
second heuristic extracted as many factors that had eigenvalues greater than 1 [14;
20]. The third heuristic was to compare eigenvalues from a dummy dataset with ei-
genvalues from the real dataset, and factors in the real dataset that had eigenvalues
higher than those in the dummy dataset were retained [14]. These heuristics provided
a range of factors to explore to derive the most meaningful factor solution. The most
meaningful factor structure was selected using these criteria [7]: 1) the factor structure
accounted for at least 50% of the variance amongst features included in the structure;
2) each factor had at least 3 features; 3) no or few cross factor loadings; and 4) factors
must be meaningful. Reliability of each factor was checked using Cronbach’s coeffi-
cient alpha [8]. A threshold value of 0.6 was selected [22]. If a factor had an alpha
value below 0.6, items in the factor were removed and analysis was repeated.
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It is emphasized that the final factor solution for each interaction stage was decided
based on the criteria for most meaningful factor structure and we did not aim for each
factor to account for more than 50% of the variance amongst features in the solution.

5 Findings and Discussion

Factors for stage 1 are described in detail. Due to limited space, findings for stages 2
and 3 are shown in tables and described briefly. We discuss the implied order of im-
portance for factors in each stage and its implications towards interface design. Find-
ings are also discussed in terms of how features support information seeking activities
stated in Ellis’ [10] behavioral model of information seeking.

5.1 Findings for Stage 1 (Search Page)

We started with a comprehensive set of 17 SR features for the search page. EFA re-
duced it to 14 features and loaded them to 3 factors. The factors accounted for
54.543% of the total variance (that is, the dispersion of data) in the 14 features. The
features were coded to pertinence relevance in the first study [15], thus, factor names
attempted to reflect this fact. SR features here were coded to pertinence relevance
because success of determining pertinence relevance depends, to a certain extent, on
the ability of users to formulate queries. In turn, users’ ability to formulate queries is
dependent on their knowledge of a topic or perceptions of information need [6].

Table 1 shows factor loadings for stage 1. Factors are labeled as S1_F1 to S1_F3
to indicate that it supported stage 1 and its respective factor number in this stage.
Tables 2 and 3 are constructed similarly. Factors for stage 1 are described in detail
below.

= Factor SI_F1: Search Options for Query Formulation and Pertinence Relevance
Features in Factor S1_F1 (see Table 1, column S1_F1) indicated search options that
guided students formulate queries, especially for those who could not articulate their
needs. Alpha value for this factor was 0.852.

Table 1. Factor Loadings of SR Features for Stage 1

SR features Factor loadings

S1_F1 | S1_ F2 | S1_F3

1. Search in journal title field 0.834

2. Search in abstract field 0.799

3. Search in author field 0.791

4. Search in document full text 0.757

5. Provide search tutorials and examples 0.695

6. Provide advanced search mode 0.607

7. Provide basic search mode 0.600

8. Provide “clear query” button 0.563

9. Provide search history 0.526

10. Basic search considers query as a phrase if no Boolean operators are specified 0.494

11. Method of entering and executing queries should be simple like search engines 0.720

12. Provide search entry boxes 0.664

13. Search in keywords field 0431

14. Search in title field 0.404
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= Factor SI_F2: Additional Features for Query Formulation and Pertinence Relevance

Factor S1_F2 described additional features supported query formulation in the search
page. Example features were: provide basic and advanced search modes (see Table 1,
column S1_F?2 for all features). This factor’s alpha value was 0.644.

= Factor S1_F3: Basic Features for Query Formulation and Pertinence Relevance
This factor included basic features that let students specify their queries, like, provide
search entry boxes. Search options here supported query formulation for students who
knew their information need, such as, keywords describing contents and titles of
documents (see Table 1, column S1_F3 for features). The alpha value was 0.669.

5.2 Discussion for Stage 1 (Search Page)

Principles of EFA indicated that the first factor extracted would account for the high-
est percentage of total variance in all variables analyzed and subsequent factors would
account for as much of the remaining variance as possible that was not accounted by
the preceding factor [14]. Thus, the order in which factors were extracted and the
percentage of total variance in all features analyzed were used to imply the order of
importance for factors in each stage [13]. This rationale for implying order of impor-
tance was used to discuss findings for all stages.

= Most Important SR Features for Stage 1

Factor S1_F1 contained the most important SR features for stage 1 as it accounted for
the highest amount of total variance in the 14 features analyzed for this stage
(34.142%). This factor indicated different search options for the search page (see
Table 1). Thus, students might have found search options to be most important as it
showed the types of information that could be searched. Search options in Factor
S1_F1 differed from those in Factor S1_3 (see Table 1, rows 13-14). This was be-
cause search options in Factor S1_F1 were more comprehensive and allowed students
to search for documents using different means, such as, by author, abstract, or full text
whereas search options in Factor S1_F3 seemed to support query formulation for
students who knew the titles and keywords of documents they needed.

= Second Most Important SR Features for Stage 1

Features in Factors S1_F2 (see Table 1) were the second most important SR features
as it was ranked second for percentage of total variance in the 14 features analyzed
(11.293%). Thus, it was inferred that besides providing search options, students also
wanted other features to support query formulation. For example, if different search
modes were designed, students could select a search mode depending on their needs.

= Third Most Important SR Features for Stage 1

Features in Factor S1_F3 (see Table 1) were ranked third for the amount of total
variance in the 14 features analyzed in stage 1 (9.109%). Reason could be because
students felt that the feature, “provide search entry boxes”, was redundant as search
pages should have text boxes for users to enter queries. Factor S1_F3 was similar to
Factor S1_F1 as search options were available in both factors. However, search
options in Factor S1_F3 might not be as important as those from Factor S1_F1 as
students might not know keywords or titles of relevant works. Thus, search options
in Factor S1_F1 would provide more access points for students to search for
documents.
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Analyses of SR features for stage 1 yielded three factors ranked in implied order of
importance. Hence, depending on students’ needs and design resources, different
groups of SR features might be designed in the search page. For example, if resources
were limited, then the most important SR features in Factor S1_F1 could be designed.
However, if comprehensive support for query formulation was needed then all three
factors of SR features could be designed to provide basic and advanced search pages.

Features highlighted in factors for stage 1 seemed to support the information seek-
ing activities of starting, browsing and monitoring. Features here might support start-
ing as students could have initial references recommended by their teachers and they
might formulate queries to find out if these documents were available in the system.
Alternatively, students could already have a clear understanding of their need and
were actively browsing (that is, semi-directed / semi-structured searching) to look for
relevant documents or they could search the system to monitor developments within
interested areas. Figure 2 shows the designed search page with most important SR
features. Search option with highest factor loading was designed on the top and the
one with the lowest factor loading was designed at the bottom.

Search Fage

Enter search terms i the query test bages IF seareh terma are entered = fwo of mere query tem boses, they wall be combaed usng the bosolean operater "AND"
Query A.emh in| Trile ~\
unry seschm s < | Provide fielded search options

4— | from Factor S1_FI1.

Cranry gearch i | Author /

Cuery searchin| Full Text v [ Semch

Instructions on how to use
the search page

Fig. 2. Search Page with Most Important SR Features

5.3 Findings for Stage 2 (Results List Page)

A comprehensive list of 21 SR features for stage 2 was packed to 5 factors. The fac-
tors accounted for 52.567% of the total variance in all 21 features. Factors are labeled
as S2_F1 to S2_F5, factor loadings and alpha values are described in Table 2.

Factor S2_F1 was labeled “point students to documents supporting topical, situational
and motivational relevance” as features (see Table 2, rows 1-5) were coded to these SR
types and indicated different ways of pointing students to other documents. Features in
Factor S2_F2 (see Table 2, rows 6-10) could help students find suitable contents and
document types for their needs. Moreover, features were coded to topical, situational and
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motivational relevance in the first study [15]. Hence, this factor was named “features for
evaluating contents for topical, situational and motivational relevance”. Features for
Factor S2_3 (see Table 2, rows 11-13) were coded to topical and situational relevance in
the first study [15] so this factor was named “alternate ways of presenting results list to
support topical and situational relevance”. Factor S2_F4 was labeled “extra information
to evaluate documents for topical, situational and motivational relevance” as features
(see Table 2, rows 14-17) were coded to topical, situational and motivational relevance in
the first study [15]. These features provided additional information about retrieved
documents and its source to facilitate document evaluations. Features for Factor S2_F5
(see Table 2, rows 18-21) included those that were commonly available in results list and
they were coded to topical relevance in the first study [15]. Hence, this factor was named
“common features available in results list page to support topical relevance”.

5.4 Discussion for Stage 2 (Results List Page)

= Most Important SR Features for Stage 2

Factor S2_F1 (see Table 2) were inferred as the most important SR features for stage
2 as it had the highest percentage of total variance in all features analyzed (26.060%).
The survey form asked students to rate features with the assumption that the results
list included a list of retrieved documents. Hence, it was inferred features in Factor
S2_F1 could be built on top of retrieved documents in the results list page.

= Second Most Important SR Features for Stage 2

Features in Factor S2_F2 (see Table 2) focused on allowing students evaluate appro-
priate contents and document types for their needs. This factor was inferred as second
most important because it was ranked second in terms of total variance in all features
analyzed for stage 2 (7.911%).

= Third Most Important SR features for Stage 2

Factor S2_F3 (see Table 2) focused on providing novel ways of presenting results list
and providing explanations of how documents were ranked. Features here might indi-
cate that students were willing to try new ways of presenting documents in results list
to determine if these methods were effective. Features in this factor were inferred as
third most important because its percentage of total variance in all features analyzed
was ranked third amongst factors extracted for stage 2 (6.912%).

= Fourth Most Important SR features for Stage 2

Factor S2_F4 focused on features that provided additional information to help stu-
dents evaluate documents for their needs. Thus, if students could not get sufficient
information, they might turn to features in Factor S2_F4 to get more information to
support their document evaluations. Features here were implied as the fourth most
important for stage 2 as its percentage of total variance in all features analyzed
(5.916%) was ranked fourth amongst the five factors for this stage.

= Fifth Most Important SR features for Stage 2

Features in Factor S2_F5 (see Table 2) were inferred as fifth most important for this
stage as its percentage of total variance in all features analyzed was ranked fifth
(5.767%). Reason might be because students rated features based on their assumptions
of common features in results lists. Hence, features here were redundant as they
matched students’ perspectives.
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Table 2. Factor Loadings of SR Features for Stage 2

SR features [ Factor I g
Factor S2_F1: Point students to documents supporting topical, situational and motivational relevance (Alpha value: 0.738)
1. Recommend related documents and topics based on query 0.796
2. Recommend related documents for each document retrieved 0.781
3. Provide details of other people the author had worked with 0.603
4. Recommend documents based on what others have looked at 0.461
5. Recommend related documents based on user’s profile and

searching behavior 0.453

Factor S2_F2: Features for evaluating contents for topical, situational and motivational relevance (Alpha value: 0.697)

6. Provide an abstract for each document retrieved in results list 0.732
7. Allow users to preview abstract before downloading full text 0.723
8. Highlight search terms for each document in results list 0.676
9. Provide an option so users can choose to display a paragraph
S - . X 0.502
or a few lines_in which search terms appear in full text
10. Categorize documents retrieved based on types of 0.447

doc like journals, conference proceedings, etc.
Factor S2_F3: Alternate ways of presenting results list to support topical and situational relevance (Alpha value: 0.643)

11. Rank documents in results list in terms of how many times it
0.720

has been used by others
12. Provide explanation of how documents are ranked 0.713
13. Present results list in pictorial format 0.491
Factor S2_F4: Extra information to evaluate documents for topical, situational and motivational relevance (Alpha value: 0.614)

14. Provide link that shows general information about 0.631

document’s source
15. Provide link to document source’s table of contents 0.615
16. Provide subject categories for each document retrieved 0.610
17. Provide selected references cited for each document 0.610

retrieved
Factor S2_F5: Common features available in results list page to support topical relevance (Alpha value: 0.617)

18. Rank retrieved documents in results list in order of relevance 0.716
19. Display results list 0.660
20. Rank and provide relevance percentage for documents 0.608

retrieved in results list
21. Allow searching within documents retrieved in results list 0.506

The factors seemed to include features that were exclusive to their respective fac-
tors except for an overlap amongst features in Factors S2_F3 and S2_F5. The over-
lapping occurred as features in both factors related to ranking of documents retrieved.
However, there were slight differences. The feature in Factor S2_F3 (see Table 2, row
11) focused on ranking documents retrieved based on frequency of use whereas fea-
tures in Factor S2_F5 (see Table 2, rows 18 and 20) focused on ranking documents in
order of relevance and relevance percentage.

An order of importance was implied amongst factors for stage 2. Thus, features in
different factors could be implemented as groups. Students might activate clusters and
incrementally add features to the interface as pop-up boxes and pull-down menus

Features highlighted in factors for stage 2 seemed to support the information seek-
ing activities of chaining and differentiating. Students might perform backward chain-
ing by following references cited in documents to gain access to other documents.
Backward chaining might be supported by the feature, “provide selected references
cited for each document”. Forward chaining was also supported by features in factors
for stage 2 which involved providing links to other possible relevant documents
through recommendation methods, such as, by users’ profiles, and related topics.
Most features in factors for stage 2 aimed to provide information to help students
differentiate if a retrieved document was worth evaluating in more detail in the docu-
ment record page. Examples of such features were: provide abstract, and categorize
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documents based on document type. Figure 3 illustrates the designed results list page
incorporating most important features for stage 2 (Factor S2_F1). Features were built
on top of a ranked list of retrieved documents.

Results List Recommendations of
documents and topics related

Taopics and documants related to query: infermation eetrisval: interfacs design

Topice and documents related o your profile: human-comguter meesaction to query from Factor S2_F1.
Resulis list ranked in ovder of relevance
1 Thile
Austhor [mesrs ths author has worked wath]
[2ee similar documents] [ane docisments that sther uzers have lasked at]
2 Tatle:
Author: [peers that this author has worked with]
[zen e at
Recommendations of Details of other people
documents based on what the author has worked
others have looked at from with from Factor S2_FI1.
Factor S2_F1.

Fig. 3. Results List Page with Most Important SR Features

5.5 Findings for Stage 3 (Document Record Page)

Twelve comprehensive features were loaded to 3 factors. Factor loadings, factor
names and alpha values for stage 3 are shown in Table 3. The factors accounted for
58.959% of the total variance in the 12 features analyzed.

Factor S3_F1 was named “seek others’ help to evaluate documents for pertinence
and motivational relevance” as features identified (see Table 3, rows 1-4) were coded
to pertinence and motivational relevance in the first study [15]. Features here seemed
to allow students discuss relevance with authors and other users. Features in Factor
S3_F2 (see Table 3, rows 5-9) were coded to situational relevance in our first study
[15] and facilitated management of full text. Thus, this factor was labeled “features
that support access and management of full text for situational relevance”. Factor
S3_F3 (see Table 3, rows 10-12) provided full text and highlighted search terms so
students could evaluate relevance of highlighted text in relation to contents.

5.6 Discussion for Stage 3 (Document Record Page)

= Most Important SR Features for Stage 3

Features in Factor S3_F1 were inferred as the most important features as its percent-
age of total variance in all features analyzed was the highest (33.822%). Students
rated features based on an understanding that the document record page provided
detailed information, such as, title, author and publisher. Hence, it was inferred that
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students were keen to discuss with others to find relevant documents and features here

could be built on top of detailed information in document record page.

Table 3. Factor Loadings of SR Features for Stage 3

SR features | Factor loadings
Factor S3_F1: Seek others’ help to eval d ts for perti and moti I relevance (Alpha value: 0.795)
1. Provide asynchronous collaborative features 0.896
2. Provide synchronous collaborative features 0.869
3. Provide author’s contact details 0.653
4. Allow users to ask experts to evaluate documents retrieved 0.652

Factor S3_F2: Features that support access and igement of full text for sii

I relevance (Alpha value: 0.761)

5. Allow full text to be saved using its title as the default file name 0.823
6. Allow full text to be saved in a compressed version 0.794
7. Print full text without “highlighted / bolded” search terms 0.628
8. Provide “reader” software in the document record page 0.623
9. Specify on what pages in full text do search terms appear and provide link to the page 0.459

Factor S3_F3: Highlight portions in full text and point users to other doc ts for situati

7

relevance (Alpha value: 0.657)

10. Highlight search terms in full text 0.830
11. Provide links to full text of documents cited in the current document 0.676
12. Allow users to download full text in PDF format 0.676

= Second Most Important SR Features for Stage 3

Factor S3_F2 focused on providing features that facilitated access and management of
full texts. Hence, it was inferred that students wanted easy access and management of
full texts so that they would extract relevant content for tasks. Features here were
deduced as the second most important features as its percentage of total variance in all
features analyzed (15.233%) was ranked second amongst factors for stage 3.

= Third Most Important SR Features for Stage 3

Features in Factor S3_F3 were specified as third most important as its percentage of
total variance in all features analyzed (9.904%) was ranked third amongst factors for

Document record page| Provide author’s contact
details from Factor S3_F1. \

Tals

Anthor

Source
Fublication place
and date

[Aszk experts a‘.s.-TlJux docusnent] [Talk to other uzers about thas -L.r:mlr\

Allow users to ask
experts to evaluate the S3 FI
retrieved document -

Asynchronous and synchronous
collaborative features from Factor

from Factor S3_F1.

Fig. 4. Document Record Page with Most Important SR Features
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this stage. Reasons could be: 1) students wanted to read full text to extract informa-
tion; and 2) students might find full text of cited documents to be relevant.

The three factors extracted for stage 3 seemed to indicate that three important
groups of features could be designed. Features in these groups seemed unique and
there were no overlaps. Thus, depending of design requirements different groups of
important features could be designed. Features indicated in factors for Stage 3
seemed to support the information seeking activities of differentiating and extract-
ing. This was because the document record page provided detailed information so
that students could differentiate if the retrieved document was useful. Moreover, the
document record page also provided access to full text so that students could extract
contents.

Figure 4 shows the designed document record page with most important SR fea-
tures. As students rated features based on an understanding that the document record
page provided detailed information about the document, like, title, author and pub-
lisher, features in Factor S3_F1 were built on top of such information.

6 Conclusion and On-Going Work

Our approach differs from approaches addressing collaborative browsing and filter-
ing, user-centered design approaches and user-defined criteria for relevance judg-
ments highlighted in Section 2. Firstly, our approach used SR as a theoretical basis to
elicit features supporting document evaluations. We also used stages of IR interaction
to understand how students might use features to complete tasks in IR systems. Sec-
ondly, we investigated students’ perceptions for elicited features using EFA. The
contributions of our work are:

= EFA extracted groups of SR features to support each stage of students’ IR interac-
tions. Although all groups of features were important to form the factor solutions to
support students’ document evaluations during IR interactions, there seemed to be
an implied order of importance amongst groups. Thus, depending on requirements,
different groups of features could be designed in IR interfaces.

= The groupings seemed to indicate clusters of SR features that could be implemented
collectively. Student might activate different clusters and features could be added to
the interface in the form of pop-up boxes and pull-down menus.

Findings presented are preliminary and have limitations. The study gathered stu-
dents’ perceptions of importance of SR features without actually using the system.
Students might have different understandings of SR features and this could be prob-
lematic when students did not have prior experience using such features. Hence, fu-
ture work may focus on verifying and evaluating our findings in a qualitative study
where users could comment on importance of SR features in actual context of use.
Findings presented are exploratory and applied specifically to students who partici-
pated in the study. Future work might use EFA to discover groups of SR features
supporting IR interactions for other students in different task scenarios so that insights
could be gathered on the needs of larger student populations for IR interfaces support-
ing SR. The translation of factors into interface design is also another area that needs
to be looked into in future.



An Exploratory Factor Analytic Approach to Understand Design Features 327

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Balabanovic, M. and Shoham, Y. (1997). Fab: Content-based, collaborative recommenda-

tion. Communications of the ACM, 40 (3), 66-72.

. Barry, C. L. (1994). User-defined relevance criteria: an exploratory study. Journal of the

American Society for Information Science, 45 (3), 149-159.

. Belkin, N. J., Oddy, R. N., and Brooks, H.(1982). ASK for information retrieval: Part L.

background and theory. The Journal of Documentation, 38 (2), 61-71.

. Borlund, P. and Ingwersen, P. (1998). Measures for relative relevance and ranked half-life:

Performance indicators for interactive IR. Proceedings of the 21" Annual International
ACM SIGIR Conference on Research and Development in Information Retrieval, ACM
Press, 324-331.

. Carroll, J. M. (2000). Making use: Scenario-based design of human-computer interactions.

California, USA: The MIT Press.

. Cosijin, E., and Ingwersen, P. (2000). Dimensions of relevance. Information Processing

and Management 63,533-550.

. Costello, A. B. and Osborne, J. W. (2005). Best practices in exploratory factor analysis: four

recommendations for getting the most from your analysis. Practical Assessment, Research &
Evaluation: A Peer-reviewed Electronic Journal, 10 (7), http://pareonline.net/pdf/v10n7.pdf.

. Cronbach, L. J. (1951). Coefficient alpha and the internal structure of tests. Psychometrika

16,297-334.

. Druin, A. et al. (2001). Designing a digital library for young children: An intergenerational

partnership. Proceedings of the 1" ACM/IEEE-CS Joint Conference on Digital Libraries,
ACM Press, 398-401.

Ellis, D. (1989). A behavioural approach to information retrieval system design. Journal of
Documentation, 45 (3), 171-212.

Fischer, G., Henninger. S. and Redmiles, D. (1991). Cognitive tools for locating and com-
prehending software objects for reuse, Proceedings of 13" International Conference on
Software Engineering, IEEE Computer Society Press, 318-328.

Ingwersen, P. and Borlund, P. (1996). Information transfer viewed as interactive cognitive
processes. In Ingwersen, P. and Pors, N. O. (Eds.). Information Science: Integration in
Perspective. Royal School of Librarianship, Denmark, 219-232.

Kim, Jae-On and Mueller, C. W. (1978). Factor analysis: statistical methods and practical
issues. California: Sage Publications, Inc.

Lattin, J., Carroll, J. D., and Green, P. E. (2003). Analyzing multivariate data. Nelson,
Canada: Brooks/Cole.

Lee, S. S., Theng, Y. L., Goh, D. H. L, and Foo, S. S. B. (2005). Subjective relevance: im-
plications on interface design for information retrieval systems. In Fox, E., Neuhold, E. J.,
Pimrumpai, P, and Wuwongse, V. (Eds.), The 8" International Conference on Asian Digi-
tal Libraries, ICADL, 2005. Digital libraries: implementing strategies and sharing experi-
ences (pp. 424-434). Germany, Berlin: Springer-Verlag.

Lieberman, H. (1995).An agent for web browsing. Proc. International Conference on Arti-
ficial Intelligence, 924-929.

Marchionini, G. (1995). Information seeking in electronic environments. Cambridge, UK:
Cambridge University Press.

Meyyapan, N., Chowdhury, G. G. and Foo, S. (2001). Use of a digital work environment
prototype to create a user-centered university library. Journal of Information Science, 27
(4), 249-264.



328

19.
20.
21.

22.
23.

24.

S.-S. Lee et al.

Mizzaro, S. (1998). How many relevances in information retrieval?. Interacting with Com-
puters, 10, 303-320.

Netemeyer, R. G., Bearden, W. O., and Sharma, S. (2003). Scaling procedures: issues and
applications. California, USA: Sage Publications.

Norman, D. A. (1998). The psychology of everyday things. New York: Basic Books.
Nunnally, J.C. (1978).Psychometric Theory (2" ed.). New York: MacGraw-Hill.

Resnick, P., Iacovou, N., Mitesh, S., Bergstron, P., and Riedl, J. (1994). GroupLens: an
open architecture for collaborative filtering of Netnews. Proc. ACM Conference on Com-
puter Supported Cooperative Work, ACM Press, 175-186.

Tang, R. and Soloman, P. (1998). Toward an understanding of the dynamics of relevance
judgment: An analysis of one person’s search behavior. Information Process and Man-
agement 34,237-256.



	Introduction
	Related Work
	Theoretical Framework
	A Study
	Designing the Survey Form
	Methodology

	Findings and Discussion
	Findings for Stage 1 (Search Page)
	Discussion for Stage 1 (Search Page)
	Findings for Stage 2 (Results List Page)
	Discussion for Stage 2 (Results List Page)
	Findings for Stage 3 (Document Record Page)
	Discussion for Stage 3 (Document Record Page)

	Conclusion and On-Going Work
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




