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Abstract:

Federated search tools (FSTsy are Meta information retrieval
systems, developed mainly to facilitate multiple resources searching
through a single search box. They allow searching heterogeneous
platforms, which include bibliographic and full text databases,
OPACs, web search engines, open access resources...eic, using Meta
searching mechanisms. Meta and federated searching tools would
facilitate discovering and reaching the deep web through openURLs
and search resolver. This study would focus on exploring a framework
for evaluating and comparing different federated search tools. The
proposed framework consists of three phases: the usability testing,
retrievability performance assessment, and overall comparison.
Usability testing is usually conducted through users' task or expert
testing. Think a loud protocol has been examined for usability testing
and FSTs recall and precision have been used to assess the
retrievability performance for 20 real user queries. Participants have

cen directed to give weights for the interface usability and system
retrievability importance as indicators for FSTs evaluation. They
decided thar FSTS retrievability is much more imuportant than interface
usability as they can discover the hidden features by training and
cannot improve system retrievability without system improvements.
They give an average weight of 62 % for the system retrievability and
38 % for interface usability. The think a loud test found no significant
difference between the two FSTs while information retrieval (IR,
performance measurements found minor differences in terms of recall
and precision. The overall evaluations shows that FST which has been
developed based on portal technology is better than FST which has
been based on library system technology.
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Introduction:

In the era of digital libraries, bibliographic and full text databases
have become important resources for education and research,
providing functionality and ease of use superior to printed products
Burke, 2001y. The World Wide Web has introduced many advantages
for databases and library searching tools as well. One of the main
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advantages of this environment is that: it allows huge amount of
information resources to be integrated and become available for
searching from one hyper space. Some of these resources available for
public user and could be reached without the need for authentications
as they are available in the surfice web, while bibliographic databases
need user authentication to enable digging in the databases, because
most of the time they hide behind scripts which are known as deep
web (Liu, Tantan; Wang, Fan; Agrawal, Gagan, APR 2012).

Each one of these databases has its own interface and searching
capabilities. Searching these different databases requires deep
understanding, from the users' side, of coverage of each database,
perceiving the area of interest, and how users could fully employ the
database capabilities, beside the difficulties of moving from one
interface to another. These make the searching process tedious and
time consuming rather than time saving. All of these requirements
pushed library users to always complain about complexity of databases
searching comparing it with web searching, such as World Wide Web
search engines (ex. Googley. The simplicity of such tools motivates
library users to ask for a single search box that able to explore
everything (Boyd, Hampton, Morrison, & Cervone, 2006; Burke,
2001y. The fact that search engines has successed in searching the
surface web, but couldn't easily handle the deep web resources,
motivates researchers and IR developers to look for new solutions for
searching and discovering the deep web (Mohamed, 2004;.

Deep and dynamic web resources need special efforts for providing
access to hidden resources using special techniques different than those
used for searching the surface web. These different methods of
information access lead to different tools such as web directories, search
engines, and Meta searching, which provide access to the surface web,
without any authentication, while discovering the deep web requires

extensive authentications and customizations efforts from the system
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developers and users as well. The large volume of documents housed in
abstracting and full text databases, which known as deep web, is not
searchable through these tradtional Internet searching tools because of
the limitations in crawler technology and authentication requirements.
One of the practical and applicable solutions for this problem has been
discovered in developing a Meta searching tool known as federated
search tools -FSTs ¢(Jacso, 2004, Avrahami, T. T., Yau, L, §i, L., &
Callan, J, 2006y, Although there are many terms used in the specialized
literature referring to federated searching such as: federated search tools
(FSTs), cross-database searching, meta-searching, or library portal; the
first term is the most known one among researches and practitioners as
well (Tchangalova & Stilwell, 2012;.

Using FSTs as the main platform of resource discovering require the
following: (1) generating 2 query from a unified single interface and
broadcasting it to a group ;f_-cﬁsparate databases (predefined set of
databases andfor search engines (SEjy) with the appropriate syntax,
which require some form of query translation, (2) combining the
results collected from different sources and / or databases using data
fusion and combination technique (Dwork, Kumar, Naor, &
Sivakumar, 2001, Kumar, Sanaman, Rai, 2008) (3) presenting them in
a succinct and unified fonmat with minimal or no duplication (often
called de-duplicating or de-dupingy, and (4) providing a means,
performed either autornatically or by the portal, to sort the merged
result set (Tennant, 2001, Boyd, Hampton, Morrison, & Cervone,
2006, Zhang & Dong, 2002). All these complicated procedures have
brought as many challenges as promises to web searcliing, especially in
terms of adapting these systems to user needs and the severe impact,
this new mode of searching have, on users' search behaviors ( George.
2008,

Fusion and aggregation of information are major problems for all

kinds of knowledge base and information retrieval systems, from text
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and multimedia processing to decision making. (Yuwono & Lee,
1996). Nevertheless, there are two general approaches to this scheme,
depending on the problem to be deait with (Smeaton & Crimmins,
1997). The first one corresponds to the aggregation of preferences
given by several individuals of a group or the aggregation of criteria to
satisfy specific needs in order to make a decision. The second approach
corresponds to the fusion of evidence provided by several sources. In
many cases, the available information is imperfect. Several
methodologies and/or theories are useful to manage such imperfect
information. Among the most important ones are probability theory,
evidence theory, fuzzy set theory and possibility theory (Bernadette,
1998). Many of these theories have been used to develop IR systems to
allow developers to explore the different IR models including the
Boolean, vector space, probabilistic, and language models. There are
many tools available for federated searching utilized these techniques to
facilitate cross searching domain around the world. Some of them are
tumnkey or ready made systems such as MuseGlobal, Suminon,
Endeavor, Ex Libris- MetaLib, WebFeat, DQM2, Deep Query

Manager, and Fretwell-Downing, others are open sources such as

dbWiz scarch, OpenSiteSearch, etc. Some of the turnkey systems are

mainly developed to be standalone system and mainly developed
depending on portal technologies such as MuseGlobal and web feat
which based on web portals technologies, while others are developed
as modules and parts of library management systems using OPAC
searching mechanisms. The availablity of these different tools
motivated researchers to evaluate these new tools and their baseline
technology to support librarians in the selection of the approprate
tools,

This study corresponds to this motivation in order to help librarians
to evaluate and compare among these different FSTs. The framework

of the comparison gets along with the development scenario of FSTs,
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which faces two serious challenges. The first one is making the search
process intuitive, simple, and easy. This process is tested and evaluated
in the literature through usability techniques by users or experts. The
second one is retrieving the appropriate resources, which mainly
defined by the source databases and tested by the well-known IR
performance measurements. This study would try to develop a
framework for evaluation then use it to evaluate FSTs in terms of
usability and IR performance in order to investigate a solid evaluation
benchrark.

I. Related Literature:

This part would present the related literature to the current
study., The review would cover FSTs studies and the evaluation
techniques used to discover these tools capabilities.

Federated search has been evaluated and tested using different
techniques including user evaluation and information retrieval
performance assessment. Usability testing is one of the well-established
and accepted techniques for evaluating the usability of different ibrary
system tools, such as OPAC, online databases and library portal. As a
user centered approach for evaluating user’s perspective, attitudes, level
of satisfaction, usability have been employed to investigate user
interfaces intuitiveness and capabilities. It provides the investigators
with rich quantitative and qualitative data to support their research
practices. Usability test means gathenng information about user
behaviour while interacting with information systems. It usually uses
five commons indicators to evaluate any system from users perspective
such as: easy to learn, efficient to use, easy to remember, few errors,
satisfaction (Mohamed & Hassan, 2008, Nielsen, 1993; Soken et. El
,1993; Shneiderman, 1998y:

George (2008) conducted a usability testing using think a loud

protocols for evaluating Metal.ib federated search systern which has been
developed by Ex Libris Ltd to be used as a library portal. A demographic
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questionnaire has been distributed to selected sample of eight volunteer,
diverse with respect to affiliation discipline, gender, language and
computer experience. Participants have been guided by mediators to use
the Metalib interface to complete real world tasks while verbalizing their
thoughts about the FST. Their study shows that participants face
difficulties in the following processes: system login, primary and
secondary navigations, confusing terminology, and inconsistency with
site design and use expectation.

Another important study has evaluated the usability of one of
the federated search interface used by the University of Maryland and its
affiliated institutions. It has investigated student's perceptions of the
search usefiilness and to what extent student could effectively complete
search tasks using federated search. Student perceive federated search to
be useful tool but they had low rates of success in completing soine tasks
(Wrubel, L, Schmidt, K, 2007).

Cervone (2005) has carried out a usability test for evaluating the
library portal of Northern University in Evanston, Illinois. This study
has focused on what have been leamed from usability testing of open
URL resolvers and federated search tools. The test has investigated
Northern University in Evanston, Illinois portal users' perception and
attitudes to make sure that federated search tool work from user
perspective.

Randal (2006) investigated the usability of endeavors information
system by gathering insights of the critical requirements of libraries and
information professionals about the federated search engines capabilities'
which is part of their integrated system. The results of the study,
conducted in conjunction with market research and consumer focus
group, to investigate the relevancy of endeavors federated search
technology to their needs and behaviors. The usability testing has been
implemented in two universities libraries’. Twenty participants have
guided to use the FST. Endeavors usability testing has proven the value
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and power of federated searching and there are always possibilities for
libraries to make user experience more satisfying and fruitful.

Xiaotian (2006) describes the features and capabilities of library
federated search engines. He compared between Metalib and
WebFeat as research tools by highlighting their strengths and
weaknesses against Google and Google Scholar. He reported that
MetaLib and WebFeat have fundamental differences and they cannot
compete with Google in speed, simplicity, ease of use, and
convenience, nor can they be truly one-stop shopping. Their strengths
lie in the contents they search as well as in the objective way they
remieve and display results.

There are {ew numbers of studies that have focused on
evaluating federated search engines as information retrieval system.
Avrhami et al (2005) has carried out a series of experiences to develop a
prototype federated search system for US government's fed state web
portal, and the issues addressed in adopting research solutions to this
operational environment. A series of experiments identified how well
previous research results, parameters settings and heuristics applied in the
fed states environment. The smdy concluded with a set of learmed
lessons from this technology transfer effort including observaticn about
search engines quality in the real world.

Lampert and Dabbour (2007 have carried out three assessment
projects: two of them focused on libraries' reaction to Meta search
technologies from a reference and information literacy perspective and
the third one is a user survey that attempts to capture students
experiences, understudying, and sadsfaction with meta search at
California state university Northridge. They have presented an
investigation of users’ understanding of MetaLib Combined Search
(MCS), as federated search system implemented in the Washington
Research Library Consortium, Through a survey instrument, libraries,

and students reported their experience, usage, and opinions of the
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system. Upon responding to process-related questions about a search
simulation included in the questionnaire, participants described and
illustrated their understanding of MCS operation. Data shows that
student considered MCS primarily as a tool for locating full text, while
librarians viewed it as a secondary search tool with disappointing
performance. In discussing MCS operation, students focused largely on
full text retrieval capability and search efficiency whereas librarians paid
miore attention to search strategies and retrieval quality. Both students
and libraries indicated that lack of background information about MCS
operation was problematic,

In a recent study Buck & Nichols (2012 have explored a
participatory design strategy to investigate users views on what a
discovery system should look like and function. They have asked
groups of participants to draw their idea of what a discovery system
should look like. The findings reveals what librarians think are
important features for these tools. The authors also discuss the use of
the participatory design process.

In another recent study Georgas (2013; has investigated
undergraduate student preferences and perceptions when using both
Google and a tederated search tool. Students were asked to evaluate
cach search tool in terms of their preference and the perceived
relevance of the retrieved results when using each search tool. Students
were also asked to self-assess their searching skills. The findings show
that students believe that: they possess strong searching skills, are able
to find relevant sources using both search tools, but actually prefer
federated search tool to Google for doing research. Thus, despite
federated searching’s limitations, students see the need for it, libraries
should continue use federated search to provide access to their
resources (especially if a discovery search tool is not available), and
accordingly librarians should focus on teaching students how to use

both federated search and Google more effectively.
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This study would present a framework for evaluating and
comparing between two FSTs. The evaluation technique would
depend on using usability testing and IR retneval performance
assessment. The study would combine the lessons leamed from related
literature and other evaluation study implemented by the researchers in
real the world environment systems similar to this study.

II. Research Design and Methodology:

Selecting the most appropriate FST tool to access the multiple
platform search from a single interface requures succince evaluation {or
the different features of the available tools based on solid evidences.
Thus, this study would try to evaluate and compare between two
widely used FST's in Egypt in terms of systems usability and
retrievability performances. The first system is based on portal
technology and it consists of two main components which are
integrated together in one library portal known as OVID Portall. The
two componernts are search resolver developed by MuseGlobal and
Link Resolver developed by OVIDD Technology, the second system is
based on library system technology as it is integrated with a library
management system developed in El- Mansoura and Zagazig
Universities in Egypt. This system is deployed in the Egyptian
univessities libraries as the backbone of the Egyptian umversities
libraries union catalog. The two FSTs are heavily used in the Egyptian
universities because some universities are using the first one as the
primary FST and others are using the second one as the single access
point for all Egyptian universities resources including OPACs and
digital theses2. Therefore, it is important to compare and evaluate the
features, and capabilities of the two FSTs. The major purpose of this
study is to identify the main differences between those two tools and

1 www.cul.edu.eg

2 www.eulc.edu.eg
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proposing a framework including the procedures of evaluaton, which
could facilitate such comparisons in the future. This part would focus
on identifying research questions, methods of testing, and data
collecrion procedures.
Research Questions:
Two simple and concise questions have been examined in order to
evaluate the two FSTs. These questions are:
1~ What are the major differences between the two FSTs in terms
of usability indicators?
2- What are the major differences between the two FSTs in terms
of retrievability performance measurements?
In order to answer these two questions statistically a hypothetical
framework for the evaluation procedure has designed and tested in a
real environment. The researchers assume that FST which is based on
portal technology would perform higher than the FST based on library
management system in terms of usability and retrievability.
Research Design:

Due o the number of tasks and IR evaluation techniques used
in this study and the tendency to fully investigate all the usability and
retrievability problems, the investigators used a reasonable sample of 20
participants who have solid background in information retrieval as they
are graduate students in the department of library and information
sciences in EL Fayoum University, Egypt.

The participants have investigated the FSTs usability and
retrievability under the supervision of the investigators during a post
graduate course which is a special topic in libraries and information
science. Participants were recruited for three hours lap session, carried
out in two different days, the first one used for awareness and usability
and the second one discussed the retrevability testing procedures and

evaluation technique.
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The design of the study includes a preliminary mvestigation
and three research phases including: usability testing, retrievability
assessment, and overall evaluation. In the preliminary phase, the
evaluation criteria have been designed and discussed with the
participants. In this phase, participants have been directed to assign
weights for the evalvation criteria including interface usability and
systemn retrievability as indicators for evaluating FSTs. A short
questionnaire of three questions has been designed and filled up by the
participants to indicate the importance of each parameter usability,
retrievability and other indicators), then participants have been directed
to answer the following questions:

1. Assign a value out of 100 % tfor the importance of the
interface usability and System R.etrievability as indicators for
evaluating FSTs?

2. From your point of view, are there any other important
indicators for evaluating FSTs?

3. Have you ever used FST and are you aware of their
techniques of searching?

Eighteen Participants decided that FSTs retrievability is much
more important than interface usability as they can discover the hidden
features by training but cannot improve the system retrievability, while
two participants decided that they are equal. Participants indicated an
average weight of 62 % for the system retrievability and 38 % for
interface usability. Participants have indicated some features of the
usability testing including searching and browsing capabilities as other
indicators for the evaluation, so they did not add any new valid or
important indicator for evaluation.

Fifteen participants have stated that they have used FSTs tool at
least once to find information for research purposes. Participants stated
that they do not have enough information about FSTs technigues

which they are using to fetch and search for information resources.
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participants then attended the awareness session which includes
detailed demonstration about the major concepts of Meta searching
and how user can fully and deeply utilize the examined tools.

After this preliminary phase, the design of the evaluation
procedures has been taken place and divided into three major phases,
including usability testing, system retrievability and overall evaluation.
1- Usability Testing:

Usability testing always involves real users as participants in the
test. This part investigates the most appropriate and important usability
indicators which could be utilized by librarians to evaluate FSTs. The
usability test mainly focused on the design of the interface, its
intuitiveness and other usability testing parameters including the
accessibility, availability, accuracy, ease of use of the interface ... etc.

The usability phase divided inte two sessions, one for awareness
and leamning and the other is for executing the required usability task,
then evaluating the two different tools. In this phase, participants have
been given an awareness session for 45 minutes about how to use the
two FSTs and asked to report a topic of interest to be used for
searching in the area of library and information sciences. Participants
are then directed to try to use the two tools and speak loud about what
they are thinking, perceiving, expecting and recognizing.

Think a loud protocol has been exploited to gather participants'
evaluation for the two FSTs to investigate the interface capabilities
including navigational, searching, and browsing capabilities. This
activity provides a mental model for users through asking them to
speak out loud during task completion and verbalizing what they are
doing and think out. Nielsen (1993) has reported the importance of
think loud protocol by saying "thinking loud may be the single most
valuable usability engineering method".

This study has mixed between setiing a formal task and
thinking a loud protocel for participants on a real environment. This
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allows collecting usability data about user behavior, expectation and
other empirical data. A predefined short data collection form has been
designed to collect the empirical data during the think loud protocol as
it is clear in the results and discussion section. Approaches to usability
testing may vary, but the "think loud" protocol mixed with structured
open ended questionnatre, where participants use FSTs and describe
their experience out loud, responding to the required task and
reporting their evaluation in a structures format. This technique is
offering a balance between efficiency and quality of data collection. In
the think a loud session participants were instructed to use the FSTs
interfaces to test what they have learmed about the major companents
of FST in the awareness session, what they perceive and expect? And
finally, what are their future attitudes towards the two tools?

The usability test includes four groups of questions about the
interface capabilities (see tables 1-4y. Participants have been directed to
assign a value out of three for each question and speak loudly when
they decide which value she/he would give to the evaluated parameter
during the task. The total value for each queston is 60 considering a
score of 3 multiplied by 20 participants. Then the total usability value
for each FST has been calculated and normalized out of the 38 %
preliminary indicator in the overall evaluation.
2~ Retrieval performance Assessment:

The performance of the FSTs has been tested as information
retrieval system in terms of recall and precision. A set of 20 queries has
been examined to measure the performance of the two tools. Recall of
the two FSTs has been compared using the total number of the
retrieved items form the same set of databases, and accordingly
precision has been measured in terms of precision at 11 point cut of
recall values. This part of the study has been executed after the usability
test in a separate session as participants have become fully aware about
the features of the two FSTs. Participants have been directed to select
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queries and structured them in the format of title search according to
the following conditions:

1-They should represent real user needs for evaluation

purposes.

2-Quereies should be simple (two or three terms in maximum

representing topics to retrieve results to be analyzed and

evaluated,

In this phase, each participant has been directed to search for
the required query using the advanced search interfaces and submit the
query to the title field. Participants have assessed the retrievability
performance of the FSTs using four specific and unified databases (see
table 1y, and reported the results of their query in an excel sheet
including the number of items appeared and the relevancy of the first
10 item retrieved from each tool. In order to calculate the recall,
participants have searched the native interfaces of the selected databases
using the same query structure and field. This would ensure that if the
same query runs in the two FSTs and the native interfaces of the
selected databases would probably retrieve the same list of items with
different ranking. Recall and precision of the retrieved results have
been calculated according to 3 points relevancy scale (0 — Irrelevant,
0.5 Partially Relevant, 1.0 Relevanty. Recall of the two federated
search tools has been compared with the original and native results
reirieved from the source databases. The total value of the retrievability
indicators has been calculated as the recall and precision have been
given equal score of 50 % for each, out of the assigned 62 % total value
which has been allocated for retrievability importance in the

preliminary phase.
3- Overall Evaluation:
The overall value of the evaluation has been calculated for each
FST by summing up the value of the usability to the value of the
retrievability in order to allocate a total value for each FST. These
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baseline values for each indicator consider the value of the output
of the two phases in terms of 62 % for the retrievability and 38 %
for usability,
V1. Results and Discussions
The following parts would show and discuss the results
of the three phases of this study including: the usability testing,

retrievability assessnient and overall results.

Phase I: Usability Testing

The think a loud protocol has been investigated in this phase to
explore participants' perceptions and future attitudes toward the two
FSTs. The awareness session has been audio recorded then participants
have divided into two groups, 10 participants tor each. They have been
directed to smucturally use the two FSTs, 15 minutes for each which
have been audio recorded, to execute a predefined set of tasks in the
investigation session. Participants have been instructed to speak up
loudly to record their responses indicating their impressions,
perceptions, and expected future attitudes for three major categories of
the FSTs interfaces. The audio records involved capturing the verbal
feedback and their evaluation for each part of the procedures. The
required task contains three major categories, as appeared in tables 1-4,
including Navigation, Searching, Browsing, and other comments. A
Predefined loud protocol evaluation sheet has been smuctured
including all the expected responses. The usability evaluanon sheet
includes two parts, one for perception and the other one is for future
attitudes. Each part (perceptions and attitudesy has been given a score
out of 60 for each element. Participants have directed to record their
responses using a likert scale of three to indicate their Perceptions and
attitude towards each element of the FSTs. The likert scale includes the
following responses:
1- Negative  2- Partially Positive 3~ Positive
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Then participants have been directed to report their usability
responses in the evaluation sheet according to their response in the
first part of this phase. There are four groups of usability features have
been evaluated, and the following section would discuss and analyze
the participants' responses for these groups.

1- Navigation:

Table (1) shows that participants have reported a higher value
for FST (1y than FST (2) in terms of navigational capabilities. In
general FST (1y has collected a total value of 313 which represents
65 % of the total score3 of the navigation features and capabilities,
while FST(2) has gathered a total value of 297 representing 62 % of

the total score.
Table (1) Participants evaluation to FSTs Navigationzal capabilities

_ FSTs FSTs Futuie
N | Perception Attitnde
Task List et il N iasasis ke
CP3T | F8T | BST | FST
Major Category B A | 2 I 1 1 2
Navigation Total Score 60 60 60 60
1 Open FST 45 | 45 43 37
2 URL Findability 43 43 32 38
Time to Download the
3 37 37 35 30
Home Page
Navigation Overall
4 . 40 40 38 39
Impression
Toulscoreof T T T
o T : 165 1 133 | 148 1 144
 Category . _ NEINS AR B
TorlFST(hy | 7 | 313outof480
Toal 8Ty | | ' 297 out of 480
2— Searching:

* Total Score represents 4 Indicators for perceptions and 4 for attitudes each cne
is out of 60 which means 8 * 60 = 480
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The most frequent positive behavior participants have reported
while searching the two FST is the statistical analysis of the results,
which shows the number of items retrieved from each database.
The least frequent positive behavior was the relevancy of the first
two items, as they are presenting the capabilities of the FSTs to rank
the retrieved results and display the most relevant items at the top of
the retrieved list. In general there is no significant difference
between the two FSTs in terms of searching capabilities, as the first
ool gathered a value of 1079 out of 1800 representing 60 % and the
second tool collected a value of 1056 representing 59% which
means that user perceptions and future attitudes toward both of
thern would not drarnatically change. Table (2) shows the results of

searching capabilities from user perspectives.
Table (2; Participants evaluation to FSTs Searching capabilities

FSTs FSTs Future
’ : Perception { - Artitnde
. Task List S e S et it -
Major : : } FST |-FST' | FST | FST
Category e ) 1t & 1 | 2
Total Score 60 60 60 60
Easy to find simple search
36 35 37 39
Box
Advanced Search 35 36 32 34
Level of Simplicity 33 33 33 34
Flexibility 28 3o a7 36
Searching! Accountability 30 29 33 38
Available in eye catch
38 37 36 35
zone
Way t rt
4y to support query 35 36 3i 32
formulation
No. of Items retrieved for
30 25 33 k} 1
my test query

® Searching total value is 1800 representing 15 question multipkied by 60
maultiplied by 2 representing perceptions and attitudes
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; _ FSTs EST¢ Future:
Lo | Perception |  Attitude .
Task List B AL SRS (PN
Major T BST | FST | FST | FST
Category ) N o 1 2 12
Relevance of the first two
. 35 31 38 33
1terns
Searchable Datzbases 40 44 39 35
Results Statistics 45 45 k| 33
Easy to manage 33 36 36 37
Results Description 44 40 42 36
Response time 42 39 39 34
Searching Overall
40 a5 38 32
Impression
E R e—" S 1
- 538} 631 1 535 525
Category e , ' _ :
Total EST(ly 1079 cutof 1800 |
Total FST(2) 1056 out of 1800

3- Browsing;

In terms of browsing, where information resources are grouped

by subject categories and then divided into subcategories. FST(1)

has collected over 66 % of the reported score and FST(2) gathered a

64 % of the total score which means that there is a sightly

significant difference between the two tools in terms of browsing

capabilities perception and future ardtude. The following table

shows detailed analysis of both FST according to the participants'

responses.
Table (3) Participants evaluation to FSTs Browsing capabilities

- — _ i ~ESTsEune

TaskTist Percepion | Attitude
#3 BST | BST

Major Category . B ! b] EST1 | BSTZ -
TotalScore | 60 | 60 | 60 | 60
Browsing Subject Browsing 45 45 35 36
A-Z list 46 44 37 32
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4 TEST: | FsTiFumre
Tuktin . [Loopton | - Attiude
Coov ) BST | BST '
Major Category | 0 1 1| 2 |psT1|EST?Z
Dﬁtﬁbéses Browsing 43 33 k7| 34 »
Searchability 39 35 41 31
Easy to use 44 45 36 40
Browsing Overall
Impression 44 42 335 42
TotaiScoreof | . L N o IR
Category | 261 | 244 ootz | oo1s
- Tg:a]}?b‘}‘[jj) L I _ - ‘ 473 5% St 2 it
Totl FST2) T RS  ‘ s

In general pama,pants have reported that FST () is shght{y
better than FST (2) as it corresponds better to their perceptions and
would prefer to use it in the future. Figure (1) shows the result of
the total values for each tool in terms of perceptions and future
attitudes.
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Figure (1) Total score of perceptions and firture attitudes

Figure (1) shows that FST (1y is slighdy better than FST (2,
from the participants’ perspective, in terms of user perception and
future attitudes. It is also clear that the total differences between the
two FSTs, including the grand total of perception and future
attitudes together, is 58, which means no significance difterence
between the two FST.

1- Other Comments:

The most important participant's comments have been
collected and analyzed in the following table, which shows that 70
% of the participants would prefer to start with FST(1) in the future,
60 % might use FST(2) in the future and some of the participants
commented that they have no preferences . Also 70 % found that
both FSTs are providing easy way to find their resources and

discover new resources.
Table (4) Participants Cotunents on FSTs

Comments FS8Ts Commenis
Task List
FST (1 FST 2y
It is Fast in searching and link resolving 8 4
More effective than databases searching 8 3
There is no way to direct show the full text 5 9
Better than Google Scholar 5 2
It allow searching within subject category 8 3
it would be my future starting search 14 12
Easy to use 14 6
Positive -
It allow discovering ail what I might need
Comments
Very Productive and efficient 6
We should teach it to every body 14 12
floxible 8
Very Important
Easy to Browse
Retrieved Resulis are valid
Results Description is poor -2 -5
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Comments FSTs Comumnents
Task List
EST (1) FST (2y
Very Complex =2 -9
5 huge number of results retrieved -6 -6
Negative -
it is not easy to narrow or boarded search =5 -6
Comments
Expected more complex search parameters -7 -5
There is no way to modify search 2- -6
Total 99 48

This table shows that in general participants have reported
more positive comments and feedback about FST(1y than FST(2).

3 — Usability Test: Overall Analysis —

Figure (2) shows the overall grand total analysis of the usability
test, which present the grand total of all the usability values. It is clear
that FST (1) has achieved a higher values in general than FST 2). T
test analysis alsc proved that there is a significance difference between
the two FST as p = 0.512204, although the analysis shows that FST (1)
is better than FST (2), user still see that FST(2) is a good alternative for
FST (1) in case it is not available or down. The grand total values
which have reported in this figure would be used to calculate the 38 %
of the usability test in third phase of this study.

® Negative comments get a negative score while positive comments get a pasitive
score
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Phase II: Retrieval Performance:

The retrieval performance has been tested for 20 real user
queries representing real information needs. FSTs performance has
been evaluated using the standard measurements in IR including recall
and precision. The following part would explain the assessment
procedures and results for each step.

s Federated Search Tools Recall:

Reecal] of FSTs has been calculated by comparing the retrieved
results from each FST with the native databases performance for the 20
queries. Each query has been submitted o 6 different interfaces (two
federated search tools and 4 native databases interfaces). The search
process has been refined to submit the queries to the selected databases
titles search field regardiess whether the query is submitted indirectly
through the FSTs or directly through the nadve interface of the
database. The total number of the remieved items has been compared
by calculating the deviation of each FST from the native interfaces for
the 4 original databases. Appendix (1) shows the results of this step:

It is clear that FST (1) is much more effective in terms of recall
calculation as it has been more consistent with the original databases in

Y. {Yord dplas HG)VE ¢ Y e, Claghally LA pglal I8 gan gl
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most of the cases, while FST(2y has deviated from the original databases
results in 18 queries, which retrieved results, as there are two queries
have retmieved zero resuits. Spearman correlation coefficient has also
been calculated to explore the relationship between each FST results
for the 18 queries and the total results retrieved from the 4 databases,
The analysis shows that FST (1) is more consistent in terms of retrieving
results coincide with the total number of results rettieved by the 4
databases with a correlation coefficient equal 0.98 compared to 0.92 for
FST(2y, which means that FST(1) is more consistent with the original
databases in terms of recall value than FST(2). This part shows that
recall could be easily used and tested to calculate the efficiency of FSTs
IR performance by calculating recall consistency and correlation with
original and native darabases. The correlation score weuld be used in
the final calculation step to report the overall evaluation.
e Precision at 11 point Cut off Recall (P11):

Precision at 11 point cut off recall has also been computed
using the recall ievel at the standard 11 points. A common method is
used to compute the 11-point average precision by averaging the
precision over the standard recall points (0%,10 %, 20%, 30%, etc.). To
get the precision for these standard recall points, precision and recall for
each relevant document in the result set has been calculated and
interpolated. These standard levels allow measuring the performance in
the different areas of the retrieved results distribution. For example if
the system retrieved only 4 relevant documents out of 10 at points 2, 3,
5, and 7, then at recall point 0.30 precision is 2/3 = .667 since among
the top three documents only two documents are relevant. At recall
point 0.60 precision is 3/6 = 0.50 since among the first 6 documents
three documents are relevant. At recall point 0.90 precision is 4/9 =
0.444 and so on.

YA (Y oVEagiggm i) VB o Y g, S glaall g AR p ylad £330 dipeell



Evaluating Federated Search Tools/ Khaled A. Mohamed ., Ahmed Hassan

¥ precision relevant, Q
P11 =

N

Where N = 20 queries

Each participant has evaluated the first 10 iterns retrieved
for his query in terms of a relevancy scale of 3 pomnts (0-
Irrelevant, 0.5, Pardally Relevant, and 1- Relevanty. The
following figure shows the results of the precision analysis for each

query.

Qe MW BN S 00 W

11213|415|6|7|8|9{10)11{12)13)15/16]17|18[20
s Precision of FST{1) |7 |77.58|84.556.56.96(7.597.55.588.58.5 88
<hdPrecision of FST(2) (6|6(6|6]8|4{4|5B.55.96(6|6|5]6 ¥.53.57.5

Figure (3) Average Precision for FST (1) and F5T (2 for each query

This figure shows that FST1y has retrieved more precise
results than FST' (2), and it is more effective in terms of precision
values than FST(2) in 16 cases out of 18 and coincide in one case
(number fivey while FST (2) was by chance more effective in
query number 13 because the different is not large. Note that two
queries have been removed because they have retrieved zero

results.
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[~ —————— - — U O ——

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
(.10

0.00 T o
nd

0]112131415{6| 78] 89 |Ave
rag

—4= Average for FST{1){0.94/0.90/0.85/0.76{0.71,0.567]0.60/0.58/|0.55(0.53(0.7
~iTF=Average for FST(Z)ESB 0.82/0.750.70|0.68/0.61/0.58/|0.54;0.5210.50/0.66

This figure also shows that FST (1) s much more
effective in terms of precision in all positions and in average,
which means that in all position FST 2y is much more
consistent with user i)ercepﬁon than FST (2).

Phase III: Overall Evaluation:
The ovemll values of the first two phases have been interpolated
according to the baseline weights which have been assigned by the
participants in the beginning of the study. The next table shows the

interpolated weights for each phase:
Table no. (5) The overall evaluation results

Evaluation Approach | - Score FST (1) | FST 2, | Total
Grand Usability Score 1178 1104 2282
Interpolated Usability

52% 48%

Usability % 100%

38

-Recall Correlation
938 92
value

Precision at 11 cut off’
71 66

Retrievability recall precision
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Evaluation Approach Score FST (1) | FST 2y | Total

Average

verage Retri

B 32

evability

el

The value of the overall evaluation has been calculated for

each FST by reporting the usability percentage then interpolating it to

.38 and calculating the average retrievability score from the values of
recall correlation and precision at 11 point cut off recall average, then
interpolating it to .62. It is clear that FST (1) has gathered a higher
value than FST(2) in all the cases. It is also clear that usability and
retrievability could be easily interpolated to compare between

information retrieval systems in general and FST in particular.

Conclusion:

This paper presents a framework for comparative evaluation of
two FSTs based on usability testing and retrievability performance.
The proposed framework for evaluation consists of three phases
including: usability testing, retrievability performance assessment, and
overall comparison. Usability testing is wsually conducted through
users' task or expert testing. This study conducted a loud thinking user
task protocol for usability testing. The retrievability performance
evaluation is based on solid IR. measurements including recall and
precision. The overall evaluation and comparison combined the two
approaches together to reach to an overall conclusion about the
effectiveness and efficiency of FST from user and system perspective.
The proposed model designed in this paper could be exploited in
FSTs evaluation as it includes the wmost important indicators for

evaluation as decided by the participants reflecting their perspectives
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and attitudes. Participants decided that system rewmievability is much
more umportant than usability testing, although both of them are
important. They assign a weight ot 38 % reflecting the importance of
usability and 62 % reflecting for the system retrievability importance.
The final resuls show that the FST which is based on portal
technology including search and link resolver is much more effective

than FST which is based on library system technology.

References:

Avrahami, T. T., Yau, L., Si, L., & Callan, J. (2005). The FedLemur
project: Federated search in the real world. Journal of the
American Society for Information Science and Technology,
57(3), 347-358. doi: 10.1002/asi.20283

Bouchon, B. (1998). Aggregation and fusion of imperfect information
(Vol. 12): Springer.

Boyd, J., Hampton, M., Morrison, P., Pugh, P., Cervone, F.,, &
Scherlen, A. (2006). The one-box challenge: Providing a
federated search that benefits the research process. Serials
Review, 32(4), 247-254. doi: 10.1016/j.serrev.2006.08.005

Burke, L. (2001). The Future Role of Librarians in the Virtual
Library Environment. Australian Library Journal, 51(1), 31-
45.

Buck, 8., & Nichols, J. (2012). Beyond the search box: Using
participatory design to elicit librarians’ preferences for unified
discovery search results pages. doi:
http://hdl.handle.net/1957/35951

Cervone, F. (2005). What we've leamed from doing usability testing
on OpenURL resolvers and federated search engines.
Computers in Libraries, 25(5), 10-14.

Chen, X. (2006). Metal.ib, WebFeat, and Google - The strengths and
weaknesses of federated search engines compared with
Google. Online Information Review, 30(4), 413-427. doi:
10.1108/14684520610686300

Dwork, C., Kumar, R., Naor, M., & Sivakumar, D. (2001). Rank
aggregation methods for the web. Paper presented at the
Proceedings of the 10th international conference on World
Wide Web.,

George, C. A. (2008). Lessons learned: usability testing a federated
search product. Electronic Library, 26(1), 5-20. doi:

VY. (Y016 Glppm Al 1 B« ! goa, Shaskaly CASSL pylad Tyl Lpa



Evaluating Federated Search Tools/ Khaled A. Mohamed , Ahmed Hassan

10.1108/02640470810851707

Georgas, H. (2013). Google vs. the Library: Student Preferences and
Perceptions When Doing Research Using Google and a
Federated Search Tool. Portal-Libraries and the Academy,
13(2), 165-185.

Jacso, P. (2003). Savvy searching, Online Information Review, 28(6),
454-460.

Jakob, N. (1993). Usability engineering. AP PROFESSIONAL-
BOSTON, Capitolo, 2, 191-194.

Kumar, S., Sanaman, G., & Rai, N. (2008). Federated Search: New
Option for Libraries in the Digital Era. 267-285.

Lampert, L. D., & Dabbour, K. S. (2007). Librarian perspectives on
teaching Metasearch and federated search technologies.
Internet Reference Services Quarterly, 12(3-4), 253-278.

Liu, T., Wang, F., & Agrawal, G. (2012). Stratified sampling for data
mining on the deep web. Frontiers of Computer Science, 6(2),
179-196. doi: 10.1007/s11704-012-2859-3

Mohamed, K. A., & Hassan, A. (2008). Web usage mining analysis
of federated search tools for Egyptian scholars. Program:
electronic library and information systems, 42(4), 418-435.

Mohamed, K. A. E.-F. (2006). Merging Multiple Search Results
Approach For Meta-Search Engines. University of Pittsburgh.

Randall, S. (2006). Federated searching and usability testing:
Building the perfect beast. Serials Review, 32(3), 181-182.
doi: 10.1016/j.serrev.2006.06.003

Shnetderman, B. (1998). Designing the user interface: strategies for
effective  human-computer-interaction: Addison Wesley
Longman.

Smeaton, A. F., & Crimmins, F. (1997). Using a data fusion agent
Jor searching the www. Paper presented at the Poster
presented at the WW W6 conference.

Soken, N., Reinhart, B, Vora, P &amp; Metz, S. (1993). Methods for
Evaluating Usability Section 5B: Honeywell.

Tchangalova, N., Stilwell, F. (2012). Search Engines and Beyond: A
Toolkit for Finding Free Online Resources for Science,
Technology and Engineering. Science and Technology
Librarianship. Retrieved from  http://www.istl.org/12-
spring/internet1.html website: doi:10.5062/F4D21VHZ

Tennant, R. (2001). Digital Libraries: Cross-Database Search: One-
Stop Shopping. Retrieved fromn

v (008 Agigye f) 18 Y e, Chagiuall g nlSal] o gl Ayl galt Algeal)



Evaluating Federated Search Teols/ Khaled A. Mohamed . Ahmed Hassan

http://libraryjournal.reviewsnews.com/index.asp?layout=articl
ePrint&articleID=CA170458 website:

Wrubel, L., & Schmidt, K., (2007). Usability testing of a metasearch
interface: A case study. College & Research Libraries, 68(4),
292-311.

Yuwono, B., & Lee, D. L. (1996). WISE: A World Wide Web
resource database system. leee Tranmsactions on Knowledge
and Data Engineering, 8(4), 548-554.

VEL (F0V iy i) 4 B Y g, haglaally CASCaN o gial L5l diaal)



Evaluating Federated Search Tools/ Khaled A, Mohamed . Ahmed Hassan

Appendix (1) Total No. of items retrieved for each query from the
different searching tools
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