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Abstract

[n the near future, mobile devices (i.e. mobile clients) will becorng
indispensable tools in all walks oflife. As Personal Digital Assistant (PDA)
and rﬁobile phones converge zmd there is an increase in the number of
wireless stations for computer network connections, searching using a
mobile device will be one of the most popular modes of usage. There has
been substantial research in effective means of entering queries using
mobile devices for searching information. However, there has not been
much research about the presentation and organization of information in the
retrieval list. Therefore, we propose the use of hierarchical access structure
to support searching using mobile devices and this study examines the use
of hierarchical access structure to assist the searching of information in the
retrieved documents using a mobile device, as well as identifying the
preferred user interface feature sets. Since effective hierarchical access
depends on the effective user interface elements (i.e. the access structure
and user interface features), a survey was conducted to examine (i) whether

users (i.e. the subjects of the survey) prefer the hierarchical or list access

structure when they have information overloading situations like accessing



the retrieval hsf and (ii) what user interface feature sets are preferred by the
users. It was found tha;t the users prefer the use of hierarchical access structure for |
accessing ipformaiion using mobile device (PDA). Also, the relationships between
the user preference of the overall user interface and the user preference of those
individual features of the corresponding user interface were found. Through the
survey, six preferred feature sets were identified In addition to the survey, a
Contextual Inquiry was carried out to find out the user requirements of
using mobile devices (specifically PDA) for searching.. After running the
ekpen’ments for Contextual Inquiry, an affinity diagram was used to collect
aﬁd organize the qualitative observations and feedback from the. subjects. A
search behavior flow chart was also obtained as a summary of user
searching behaviors. Based on the results of the survey and the Contextual
Inquiry, a hierarchical access interface was designed. An experiment was
carried out to measure whether the list access structure based on Google’s
PDA version is more effective than our hierarchical access by using
TREC-6 queries for the English information retrieval. We found that
hierarchical access is preferred and is more effective under specific
circumstances over list based access. In practice, we believe that -

hierarchical access can be a complimentary rather than a competitive



alternative to list access, so that the navigation of the retrieval list can be

unproved as a whole.
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Chapter 1

[htroduction

1.1 Mobile Information Access

The use of mobile equipment and the Intemet 1s becoming popular. Thus,
rtheir integration is inevitable. According to a survey, which was about
mobile phone usage, conducted in Tokyo in February 2001, approximately -
30% of mobile phone users used the browser functionr of their mob?le

phone at least once per week (Figure 1.1).

In several years’ time, it is believed that th;:re will be more people
accessing the Internet using mobile. devices (e.g. PDAs and phones) than
conventional personal computers (PC) [1, 2]. In a wireless e-commerce
workshop held at Dalhousie University in April 2000 [1], it was shown that
the number of mobiie subscrbers in 1999 (1.e. 428 million} already greatly
exceeded that of Internet users (i.e. 241 million) and the market of mobile
-data services will explode to $110 billion by 2010. In Asia-Pacific, NTT

DoCoMo has announced that 21.75 million of their users had subscrnbed to



the mobile Intemet sef\'ice as of March 2001 [3}. As for the global market,
" by 2005, wireless aﬁalyst firms prédict anywhere from 500 mtilion to 1.4
billion people who will use mobile devices to access the Web [3].7 Rather
than just pointing to the future, this wireless explosion happened in the first
quarier of 2001. The number of users of the mobile Internet surpassed 40 |
million (about 34 million users in Japan, 4 million in Europe, and 2 miliion
in the USA) [3]. According to another survey [4], in December 2000 -
February 2001, conducted by Taylor Nelson Sofres focusing on
'Asia-Paciﬁc areas, 57% of the adult population have -a mobile phone
(where Hong Kong.has the highest mobile phone ownership: 83%) (Figure
1.2} and 14% of adult population have a WAP_[S] phone (i.e. mobile phone
supporting Wireless Application Protocol) (where Japan has the highest
WAP phone ownership: 44%) (Figure 1.2) and 34% of WAP phone owners

access the Internet using their phones (where Japan leads this at 62% -

followed by Hong Kong - 25% and Korea - 17% ) (Figure 1.3}

New technologies, such as WAP, enable users of mobile devices to access
Internet for information and allow mobile knowledge seekers to access

information on the Internet during a meeting or on the road, while away



from their desktop [2,4,0]. Clearly, current and upcom_ing use of mobile
devices and services can providé inforn{atibn anytimé and anywhere via
Internet as the number of people who access the Internet using. mobile
devices (PDAs, phones ete) nowadays is.increasi[jg (Figure 1.4). One of the
most important features of the Internet is the availability of .lhe huge.
amount of information and Internet search engines are important tools for
finding relevant information. However, most of the traditional search
engines were designed for desktop computers while mobile devices have .
very different 1nteraction characteristics from desktop computers. Owing to
inherent constraints on ntobile devices, traditional search eﬁgines are not
suitable for deployment on mobile devices, which, in turn, cause difficulties
for mobile Igtenqet access. Moreover, wireless connections of mobile
~devices may be charged at a higher rate than standard Intemet connections.
Traditional information access and presentaﬁdn structures (rich but not tidy
in layout of information) use large amount of data for representing small
amount of useful information. Such access and presentation structures
assume the availability of communication channels of high bandwidth,

which, in turn, results in costly use of mobile network resources. In order to

meet the needs of the hundreds millions of users who access the Internet for

[VP)



searching informatic;n using their mobile devices, the ability to deliver
timely, accurate, effecttve, . affordable and concise mobile information
access 1s very umportant. Therefore, a good information access structure is
needed for supporting mobile searching (i.e. search for information ‘using
mobile devices) and this research was carried out by reviewing existing

work on mobile searching and experimentally investigating the feasibitity

of our preposed “Hierarchical Access Structure™ in supporting searching for

mobile devices.
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Figure 1.1 Percentage of usage of browser function of mobile phones [6]
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Figure 1.2 Ownership of mobiles and WAP phones [4]
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USA Wireless Site Visit Forecast by Type
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Total Site Visits 2.7 92.9 403.4 655.2

Figure 1.4 USA wircless site visit forecast by type [3]

In the past few years, there were substantial interests in suppérting mobile
search to overcome the hmitations of mobile devices. These limitations
include small screen, limited bandwidth, limited computational resources
and limited battery life. Ml_Jch research work focused on thc formulation gf
queries, inventing more intelligent or sophisticated input mechanisms for

mobile devices to overcome those limitations. We, however, focused on the



less investigated area of accessing tetrieval results using mobile devices.
Typically, there are hundreds, if not thousaﬁcis, of retrieved documents that
users can browse. These documents are essentially organized in a list access
structure, with paging to jump to different parts of the list (e.g. Figure 1.5).
The list access structure is highly effective when the retrieval effectiveness
(1.c. precision of retrieved document set with respect to the query) is high
but the list access structure is not effective when the rgtri;eval effectiveness
i1s low. This is particularly troublesome for mobile search because many
Internet users pose short queries that are more likely to have low retrieval
effectiveness and because the re-formulation of a query is'much more
difficult using a mobile device than using a desktop computer with a
keyboard. Therefore, there is a need of a more effective access structure

than the list for browsing search results.
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Figure 1.5 Sample search from Google mobile

The underlying problem of browsing the set of retrieval results is
essentially the problem of information overloading, which is particularly
pronounced, when users are using mobile devices. In the past, hierarchical
access structure was used to mutigate the problem of information
overloading. For example, the Yahoo! Web site uses a manually-created
hierarchy to guide Internet users to find the relevant Web sites of their
interests. We believe that the use of hierarchy can also help in retrieval
results organization. In particular, we are interested in the application of
organizing the retrieved results into a hierarchy so that the mobile device

users can effectively access the retrieved results using the hierarchical

access structure.



1.2 Research Objective and Scope

The objective .of this thesis is to explore the feasibility of applying
hierarchical access structuwre for supporting mobile information access
based on the following factors:

1. User preference

2. User requirements

3. Information access performance

The focus of this research 15 as follows:

1. Our analysis concentrates on the issues about PDA. This is because
PDA 15 one of the most common types of mobile devices nowadays
and 1t was designed for organizing information as well accessing to
information.

2. We focus on addressing issues of accessing search result. This 1s
because retrieval of information is mostly achieved via search engines
which deliver services to desktop c;omputers and mobile devices in a
similar way. However, effectively accessing search results from a

mobile device and a desktop computer may be very different in nature.



1.3 Organization

In this thesis, we introduce our research topic in Chapter | and present a
literature review about this research in Chapter 2. Then, we explore issues
on human preference and requirements on supporting mobile searching
with hierarchical access structures in Chapter 3. We further analyse the
information access performance of hierarchical access structure | for

supporting mobile searching in Chapter 4. Finally, we conclude this thesis

in Chapter 5.



Chapter 2

Literature Review

[n this chapter, we review various approaches on providing mobile
searching services. These approaches can be roughly classified as
pull-based searching approach and push-based searching approach. We
further explore issues on different approaches of mobile information access

and explore works related to our proposed hierarchical access structure for

mobile information access.

2.1 Searching Approaches

2.1.1 Pull-based Search Engines

With the rapid increase in demand of mobile information searching
facilities, searph engines are extending their Web search services to mobile
devices. Google [7] has a gbod feature that allows those using WAP
browsers to use a special version of the search engine where the search
results are formatted for small screens. In addition, when a user visits any

link, Google continues to convert HTML into a WAP format on the fly [8],

i1



making it easier to view the Web while the user is using a mobile device.
: Howevér, the HTML to WAP (i.e. HTML 1o WML) mechanism does not

seem working well with some complicated HTML pages.

Google mobile is a typical pull-based retrieval system, which is always
waiting for a request (i.e. query) from users and searching for “answers” to
the query. Similar to Google, many search engines, which are designed for
mobile devices, like Waply [9], Excite Mobile [10], Fast Search [11] and
WannaWAP([12] are pull-based. One of the advantageé of such search
engines 1s that users can specify their request by posting a query. However,
the disadvantage is that users have to input a query. Studies on query
expansion [13, 14] shown that a richer query would likely be able to
retrieve a .bette_r' result that has less 1rrelevant information. This 1s important
for mobile devices as it is difficult to browse a bulky retrieval ra;sult set
with a small display, while the limited input capability of common mobile

devices makes the long and detailed query input process annoying.



. 2.1.2 Push-based Web Directories

Other than pull-based search, there is another major approach on
anformation searching — push-based search, which is differenl from the
puli-based search in that requests are not issued by a user directly. Instead,
information 1s well-organized and available for users to search. A typical
example 1s news portals for mobile devices [15, 16, 17, 18, _I9] where news
is organized with a directory and users can search for their interested news
in the directory. Another example is mobile directories like mobile MSN
from Microsoft {20] and mobile Yahoo! [21]. Clearly, push—i.nased search
does not suffer from problems with query input while the central problem
of this approach is the access user interface and the organization of the
delivered information [22, 23, 24, 25, 26, 27, 28, 29]. Also, such Web
directories are usually built manually. The creation of manually-created

hierarchy consumes large amount of manpower and it is difficult to adopt

for the huge amount of information on the Internet.



2.1,3 Comparison of Pull-based Search Engines and Push-based Web

Directories

By comparison, information in the push-based approach ts often organized

in a hierarchical access structure, while a search result from the pull-based

approach is organized as a list of indexes.

A recent study shows [30] that only few users (8%) are very confident in
what they have to search. It is likely that browsing information delivered
from a push-based server is an excellent way to begin a search for most
users as they do not need to know the "rnight” keywords to find what they
are looking for. However, browsing is inefficient and time-consuming if
users know exactly what they are searching for. A pull-based system, such

as search engines, 1s a far better choice for precise search.

It 1s necessary to point out that the list structqres (i.e. search result) of
pull-based systems are usually created autbmatically whereas the
hierarchical structures of push-based systerps are painstakingly assembled
by human beings. The former is benefited from the full power of the

computer resources used to create their indexes of the information, and



therefore are generaily orders of magnitude larger in scope than push-based
systems cre—ated‘by hum;m beings. That n.mans a pull-based system will be a
betier choice if one 1s looking for comprehensive and exhaustive results. A
divectory (hierarchical access structurfa), on the other hand, wi.ll SErve USEers
better if they want a selection guide, limiting the results to only the best or
most useful Web resources. However, the push-based approach is
inherently more Eiased than the pull-based approach, simply because they
arc usually compiled by human. A pull-based system such as search engines,’
on the other hand, tends to be less biased. It might be highly desirable to
have a mobile search and access mechanism that com;es with the

advantages of both puil and push-based searching.

2.2 Supporting Pull-based Mobile Search

We can identify four major components for supporting information

searching, namely, querying, retrieval, access and feedback (Figure 2.2.1).

13
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Figure 2.2.1: Four major components in supperting information
searching

2.2.1 Quer}fing

A query 1s a string of words that characterizes the information that the users
seek. [t 1s the first step to start a search, which is issued by the users. It is
possible that query processing can significantly improve retrieval efficiency.

Much work has been done in this area.

According to a study on quertes logged by Alta Vista [31], the common
length of query is one to two words. Clearly, information provided by the
intial query is not ené)ugh for accurate information retrieval. Query.
expansion has fong been suggested as a technique for query processing in

information retrieval. One of the earlier studies was carried out by Jinxi Xu



and W. Bruce Croft [32]. Their approach is to use the corpus to discover
: word~relati0nsliips (¢lobal information) and document retrieved by initial
_ duery (tocal information) in order 1o reformulate the query for the next
retrieval. Another z}pproach on the topic of query expénsion where the users
také part in the process of query expansion is known as relevance feedback.
Mark Senderson’s CiQuest project [33] and Efthinus N. Efthimiadis’s

Interactive query expansion system {30] are examples of this approach.

To be more specific to address the query issues on mobile searching, a
query processing model for mobile computing using concepll hierarchies
and summary databases was proposed by Sanjay Kumar Madria, Mukesh
Mohania and John F. Roddick [34]. There are also two similar approaches:
an agent-based query expansion model by using concept hierarchies
proposed by Scott Parent , Bamshad Mobasher and Steve Lytinen [35] and
a query transformer from Sang-Goo Lee [36]. Owing to the inherent
limitation of input capability of common mobile devices, Motorola
proposed an Intelligent Keypad Text Entry Technology for Embedded
Systems — iTAP [37] which comes with an intelligent keypad text entry

method to allow a uUser to press only one key per letter. Input speed,



-accuracy, and overall usability can be increased as the system predicts the
most likély-' word associated with a particular éequence of key presses.
However, the above input methodology predicts the user input ai word level
only. EBM Research Lab ‘s Yartv Aridor, David Carmel, Yoelle S. Maarek
and Aya Soffer enhanced the above approaches to the entire query level by
suggesting optional terms for completing and disambiguating queries [38] -
while users still have to input by using annoying key press. No doubt, poor
input capabilities are still troubling the submission of searching request.

Further enhancements of technologies are necessary.

2.2.2 Retrieval

Al information retrieval (IR) systems search for relevant documents. It is
excellent, if an IR system 1s able to retrieve al! the relevant documents and
exclude all those irrelevant. Clearly, one problem to such an ideal target is

the issue of predicting which documents are relevant and which are not.

One possible way is the use of Boolean retrieval model. A Boolean based
search strategy retrieves those documents which are 'true’ for the query. This

formulation only makes sense if the queries are expressed in terms of index

18



termis or keywords and combined by the Boolean operators. Unfortunately,
the Boolean based search suffers from a series df drawbacks. Furstly, its’
retrieval is based on a binary decision criterion without a notion of grading
scale, which usually results in a bad retrieval performance. Secondiy,
substantial training is needed to enable a user to formulate good Boolean
queries [39]. Owing to such drawbacks,; Salton and Wu [40] proposed an
extended Boolean search model in 1983 that combined the idea of
similarity measure in the vector space model and the Boolean logical
implications in combining terms for retreval, Desﬁite the inherent
drawbacks of Boolean based search, it is a search technique for the expert

users who can write good queries to perform accurate search.

Other than the traditional Boolean retrieval model, another commonly used
model is the vector space retrieval model. One of the reasons that the vector
space model [39] was introduced is that the categorical decision of
relevance of the Boolean retrieval model is too limiting. Different from the
Boolean retrieval model, the vector space model measures relevance

between a query and documents by assigning non-binary weights to index



tetms. in query. and’ documents. The similarity between the temm weight

vector of a query and documents are then compared.

in terms of mobile séarc_hing, Yanv Arndor, David CanneL Yoelle S.
Maarek and Aya Soffer pfoposed searching by anchor fext [38]. Other than
searching with full text, the size ofthe index of anchor text is relatively
small and can be sent to mobile device for disconnected searching (i.e.
users can perform local search with their mobile device and there 1s no need
to connect to the remote server). In this way, the connection time and the
costs can be reduced. However, updated infoﬁnation cannot be retrieved
unless the client is connected to the server again. In addition, the storage of

the indexes may be too large for mobile devices.
2.2.3 Access

Recent research in information access by mobile devices focuses on a
number of diverse aspects. One basic aspect i1s effective browsing of
individual Web pages using mobile devices. Buyukkokten er af. {41] tried

to improve PDA navigation more effectively by deploying specialized link



ordering. When browsing a Web page in detail, Buyukkokten er al. {41]
also suguested the use of Aécorclion Summarisation,” which cons‘iSLs ofl
summarising a Web page into an expandable tr‘ee format similar to the
directory display in Microsoft Windows Explorer, with other supporting
facilities, e.g. automated view transitions. Other aspects to improve the use
of mobile devices include reducing the size of pictures to fit into smaller

screens of mobile devices [42] or presenting information in'smaller chunks

(e.g. [43)).

Given the recent interest of mobile clients in information access, there are
relatively few works in summarising and navigating related or similar
documents for mobile devices. There are some ways to summarise and
navigate through multiﬁl'e documents. The simplest way is the use of a list
of documents {42] with a machine-generated abstract/extract using
conventional summarisation techniques (e.g. {20]), as in many search result
* pages of Web search engines. The list format is manageable if there are, say,
less than 10 documents for the users to browse. However, the typical
number of documents in search results and the typical amount of news

articles returned from multiple news portals, are much larger than 10.

21



Although 1t is possible to page through the list, relations between .
documents-and rclations between concepts are not explicit in the list-

structure,

Another approach is to identify similarities and differences at the document
or subdocument levels. Clustering techniques [44, 45, 46, 47] can be
applied to identify similar documents. Recent work on summarisation {e.g.
[48.]) of multiple documents can delincate the differences and similarities
~ between document fragments. While this is usefu.l to the users, there are
very littlre navigational facilities and navigational information available for
the users to select the desired similar documents and similar document
fragments. For clustefing, it is possible that some hierarchical structures are

used, but there 1s no specific navigational information in the hierarchy.

A more Web-onented approach is to use the hyperlink structures to build a
hierarchy of Web page relations (e.g. Navigational View Finder [49],
WebToc [50] and WebCutter {51]). By means of some summary link data
visualization, users can see where the concentration of Web pages is for a

‘particular Web site. However, this hierarchy is based on link relations and

t~d
I~



some additional attribute values (e.g. author),r which may or may not reflect
the concépt's that are found n the related docun'nents. ]n-stc:ad of hyperlinks,
other methods [52, 53] used text classifiers 1o classify Web pages: into
pre-defined categories. Chen and Dumais [54] have shown that human
subjects liked this kind of interface and were able to find information faster
(i.c. about 50%). However, this approach requires a set of training data
(with category labels) which may not be available in some (Internet)
applications. If there is a large amount of documents grouped in the same
category, there 1s no navigational facility for these documénts, apart from a
ranked list of titles, which is not very suitable for mobile devices. Although
it 1s possible to incorporate more and finer categories, this will affect
categorization performance and it is difficult to know beforehand whether
the set of pre-defined categories are large or small enough for a specific

query.

Another similar approach is simply building concept hierarchies from
document collections. Research work has evaluated different methods to
build concept hierarchies, including those based on lexical properties [55]

and subsumption [56]. As for our research, we choose to extend the

(1)
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subsumption techntque for summarising multiple related documents
because it is relatively éimpie to mmplement and i's performance can be:
improved (refer to Chapter 4, Section 4.2.5). Since the concept hierarchy in
{56} was designed spec_iﬁcally for br@vsing the search results of queries
from a mono-server, certain information available about the collection in a
mono-server may not be available Afrom meta-search engines' or push-based
information providers. Some adjustments to .the current method of

constructing concept hierarchy are needed.

2.2.4 Feedback

The word “feedback” is normally used to ‘describe the mech_anism by which a
syslem can impi‘o*«c its performance on a task by taking into account the past
performanc_e. In other words, a simple input-output system feeds back the
information from the output so that thirs may be used to improve the
performance of the next input [57]. Rocchio [58] started the d'iscjusjsion of an
implementation of feedback — the relevance feedback. Some other
rescarchers, such as Hideo Joho and Mark Sanderson, investigated: the use
of concept hierarchies for relevance feedback where the concept hierarchies

were generated from the retrieved document set and presented to users.
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Users then select query expansion terms from the hierarchy and the system
uses such expansion terms (i.e. feedback) for retrieving relevant documents
[59]: Nowadays, relevance feedback is widely used for query expansion [30,

33, 34] v information retrieval.
2.3 Hierarchical Access for Pull-based Search

We propose a hierarchical access structure where-infommtion 18 presénted
with an automatically-generated hierarch%cal structure, called concept
hierarchy, which is derived from the data of the retrieved resqlts generated
by search engines [56]. Concept hierarchies (Figure 2.3.1) are similar to
Yahoo! categories and have the capability to summarise multiple (related)
documents as well as supporting effective searching using mobile device by

taking the advantéges of pull and push-based searching approaches.

Concept Paths Living Organism
—_—

e
Animal Plant

— N
n

N
Ma Bird Fish Flower Tree

Figure 2.3.1 A typical concept hierarchy, where “Living Organism” is a
general term for describing two more specialized terms “Animal” and
“Plant”. Similarly, “Animal” and “Plani” are general terms for describing

the more specialized terms “Man”, “Bird”, “Fish”, “Flower” and “Tree”.



2.3.1. Concept Hierarchy

A concept hierarchy 1s a hierarchical reprgsentation of qumepts ﬂ'onT the
most general (o the most specific. For a typical concept hierarchy
- constructed from a set of documents, the hierarchy’s member concepts are.
generally representing topical concepts of the given document set and thus
the hterarchy sufnmarises the documents with a set of cdncepts. Dlls to

such inherent characteristics, concept hierarchies have the capability to

support navigation and summarisation of documents.

2.3.2 Why Hierarchical Access?

The reasons of proposing the use of hierarchical access structure for

supporting mobile searching are as follows:

Firstly, there are new challernges in information access by mobile devices,
due to limited display area, limited navigation capability, limited battery
life, high wireless comrﬁunication cost and relatively slow CPU processing
speed [60] of mobile devices. It is known that the formulatipn of serarchin'g

quertes with small display is difficult {23] and hierarchical access structure



allows mobile device users to select the required information without

submitting queries.

Secondly, problems with searching also occur when many documents are
retumed. Unlike interactive Internet browsing, users of mobile devices are
unlikely to be willing to pay for the communication cost for interactive
scarch. Instead, the users desire some kind of summéry of the retumed
documents in order to help them to decide which documents are relevant
before down]oadiné the documents or traversing the hyperlinks. The
investigation on the effective access of information using mobile devices
has been an interesting topic [61, 62, 63, 64]. Since searching using
mobile devices is not interactive, the search programs residing in the
mobile support station [65] will try to produce a comprehensive search,
typically by posting the queries to multiple search engines. This mncreases
the number and the diversity of documents retumed and a study [66] has
shown that meta-searching can increase search coverage by as much as
16%. Faced with information diversity .and overloading, summarising
multiple documents with concept hierarchy can help users of mobile

devices to select which subsets of the retneved documents are relevant.
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Thirdly, apart from user initiated {pull-based) search, news portals provide "
a large amount of up-to-date datly news, which represenis a Fo;m of
push-based 7[67] information search. However, not every news portal has
theAsamfi coverage and with the same level of details. If mobile service
providers can effectively summarise multiple related news articles, useérs of
mobile devices can quickly assimilate a vast amount of related and similar
news withou_t the necessity to browse thl-"ough all the news portals. Hencé,

making summary of multiple (related) documents with concept hierarchy -

appears to be a good value-added service to users of mobile devices.

Fourth_ly, the concept hierarchy fulfills the needs for selecting subset(s) of
related documents based on the informatiqn from the concept path (Figure
2.3.1) of the hierarchy. Also, 1t is relativelf simple to navigate through the
concept hierarchy by selecting the child of each node or by pressing the
backward key to reach the parent of the current node and humans are
familiar with this type of information access without much training since
concept . hierarchies are commonly used for browsing and searching for

documents (e.g. in Yahoo!, in library or in product catalogs).
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Fifthly, the proposed hierarchical access_structure is automatically
generated fiom the search results of the search engines. 1t ts benefited from
the full power of the computer resources and therefore is able to handle
large amount of inrformation, like pull-based search engines, instead of the
push-based directories created by human beings. That means the proposed
hierarchical access structure will probably be a suitable choice if the user is
looking for comprehensive and exhaustive results. Meanwhile, the
propos-ed hierarchical structure serves users with selected guidance and
navigation capacities. The hierarchical structure, ideally; limits searching
" results to only the best or most useful Web resources for user’s information
need. Also, the hierarchical structure is generated by compulters
automaticaily, which, in turn, reduces the bias of human compited

push-based Web direclories.

Lastly, users can interact with the hierarchical access structure in order to
reduce the scope of information search. As the concept hierarchy represents
the retrieved document set, users can search the hierarchy for defining the
scope of the desired document in the document set. As different selection at

the parent level can result in different concepts shown to the users (because
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different parent concepts come with different child concepts), the concepts
at the current level are affected by user’s selection at the previous level. In
this way, the system keeps interacting with the users. Such an interactive

mechanism for accessing the document set can help users to identify the

desired documents more effectively.



. .Chapter 3
- User Preference, Requirements and Behavior

Analysis

[t is well known that mobile users are one of the major components of
mobile information accessing systems. Thus, one of the major functions of
mobile information accessing system is to serve human beings. Therefore,
we believe that, human factors, such as user preference, requirements and -
behavior must be taken into consideration when we are analysing mobile

informatton accessing issues.

3.1 User Preference

In this section, the human preferences on hierarchical access and the user
interface issues of mobile information access are explored. The aim of
examining the preferences and interface issues is to determine whether user
interface designs have impact on hierarchical access and the feasibility of
applying hierarchical access on supporting mobile searching based on
users’ preference and requirgments. If the user interface designs have some

impact on the preference of hierarchical access, then this study can gain
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some insight into the design of user interface for hierarchical access. The
analysis of user preferences is carried out by using existing user interfaces
ol mobile.content providers. This i because many mobile content providers
are loaded with too much information to display within a single scieen of a
mobite device and some mobite content providers use the hierarchical
information access structure to manage information overloading, similar to
our proposed use of hierarchical access to access to retrieval results.
Although the hiera_rcﬁical access structures of mobile content providers are
built manually and are typically static, they are the starting point and the

solely available resources, which are close to our daily life, for our

investigation into the suitability of hierarchical access on supporting mobile

searching.

3.1.1 Experimenta! Setup for User Preference Survey

The experiment (i.e. survey) was carmed .out with a Palm [lic emulator
(Figure 3.1.1.1), running on a PC. We believe that such a substitution of a
physical mobile device Is acceptable in this case, as t.he experiment
involved only the use of simple user interface features for item selection.

Seventy-seven user interfaces (i.e. samples), including list and directory,

(o)
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were collected from sixty-four (offline) and thirteen (online) English news
content providers respectively. These user interfaces were evaluated by 27
subjects (Appelldix A.l, Subject | - 27) - 9 |$osl graduate students, 17
undergraduate students and one research assistant. There were males and
females aged between 20 — 26 and most of them came with some
background knowledge of human computer interface design, and therefore |
the sﬁbjects can make appropriate judgments for answering questions about
user interfaces. In addition, we need subjects who had experience with PDA -
and online search experience varying from modest to expert; more than half
of them came with less experience on searching with mobile eciuipmenl and
Internet browsing with PDA. These subjects reflect the most active

population using mobile devices (Appendix A.2) and they are expected to

continue to use mobile devices in the future.

Moreover, we pre-identified the feature set of each of the user interfaces
and the pre-identified set of features was judged by the subjects. If the
. support and confidence of the subjects’ judgment are higher fhan the
minimum requirements, features will be added/removed from the

pre-identified feature set (refer to section 3.1.2 for details)

[
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Each subject was given a set of tasks (1.¢. evaluate a set of user interfaces).
“For each of the lasks, the subjecis \\.'érej instructed to navigate throughout a
user mterface with the emulator and then complete a questionnaire (Figure
3.1.1.2) based on their preference of the user interface. The perceptions
were measured with preférence values (from 1 to 10) on several aspects,
including thetr general perception on the access structure as well as the user -
interface a-nd preference on features in the user interface. During navigation,
the subjects’ actions were automatically logged (Figure 3.1.1.3) for tifning

those actions (e.g. navigation time and evaluation time) but there was no

time limit to complete the task.

Each content provider was evaluated by 20.5 subjects on average.
According to the user background information collected, they are likely to
have preference towards the use of catalog (directory/hierarchical access
structure)} on searching information but their attitude towards searching
with a catalog and a list was positive in general, and there was no bias on

the preference of hierarchical access and list access.

[F)
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On average, our subjects spent approximately 2 minutes and 24 seconds to

complete a‘task. About 50% (t minute 11 seconds) of the evaluation time

was used for navigating/browsing the given user .interface of a particular -

content provider (Appendix B).

Figure 3.1.1.1: A Palm [lic emulator

[
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Subjects were asked to assign preference Other related quesuons. such as

values of features which the subjects were the nature of user wierface design
sure that it was available on the user (List/ Directory). subjects’
tterface. The scope of preference values experiences on couteni providers,
ranges from [ to 10 where | for the least veneral preference of user interface
important and 10 for the most impovtant. design and conuuents.
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e

i Tasklst I

ke { Lowest = 1., . Highes = 10)

eAriegese

ticles were clazsied nte diferant catalag
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i Logaut
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;Do sou have any expenience on this content provider before this expenment ? Ha - \

%To what extent do ou like the mterface 7 ‘;8 'I \
This user interface is mosty ke atist/ directery 7

{What did you not like about the nterface ?

What did you tke about the interface ?

Comment: ( On thas content prowvider f this experiment }

Figure 3.1.1.2: An online questionnaire about the user interface the subjects
had browsed.
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Keys:

1. Each of the subjects was assigned a list of tasks and they completed the
tasks at their workstations.

2. For each task, the subjects were asked to download a PDA emulator
from our server and used the emulator to browse a sample of user
interface.

3. If the given sample of user interface was in online mode, the emulator
communicated with the original server via a protocol gateway (WML
Encoder, Protocol Adaptor):

a. Encoded request
b. Request

¢. Response (content)
d. Encoded response

4. The browsing time will be sent to our server automatically and logged
in our database immediately.

5. Our server sent a questionnaire about the sample of use interface to the
subject.

6. The subjects completed the questionnaire and the questionnaire was

sent to our server, where data collected from the questionnaire were
saved to our database automatically.

Figure 3.1.1.3: Experimental procedures
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3.1.2 Result and Discussion

We employed data mining concepts {i.e. the concepts of support and
_confidence of data analysis) and data normalization technique to analyse

the collected data.

Owing to the biases of individual subjects in assigning preference values,
some outliers might dominate very high or very low preference values. As a
result, the maximum and minimum preference values were different across
different subjects. Therefore, we normalized all the preference values by
Z-Score Normalization (Y = [y — m] /std), where Y as the normalized value,

y as the original value, m as the mean of onginal values and std as the

standard deviation of original values.

On the other hand, the concepts of support and confidence (Appendix C.1)
were used to show the degree of significance of data analysis. Accordiﬁg to
_prigr analysis (Appendix C.2), a minimum requirt_ament of support was set
to be 70% 1n order to get the maximum benefit from the anal’ysis of the

collected data. Furthermore, there might be no observation if the minimum
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confidence requirement was too high and the observation might not be
" representative f- the punimum  confidence requirement was oo low.
Therefore, we performed our analvsis with various values of minimum

confidence requirements {1.e. 50%, 70% and 90%).

The results qf analysis on the availability/missing of features at the
pre-identified feature set of each samples of user interface show that there
were 16 uniqqe features found at offline samples and 9 unique features
found at online samples and a total of 18 unique features found at all of the
samples when the minimum requirement of confidence levél was set to
50%. However, there were 16 unique features found at offline samples and
L0 unique features found at online samples and a total of 19 unique features
found at all of the samples when the minimum requirement of confidence
level was set to 70% or above. This is because one of the pre-identified
features of online samples was judged as not available (with confidence -
50% and support 74%) but there was not enough confidence to support
such a judgment if the minimum confidence requirement was 70% or above.
As we were seeking for high confidence in the result, we ignored the

dropping of the feature, which was judged as not available with only 50%



of confidence, from the pre-identified feature set. Accordingly, the analysis-
regarding features was based on 70% (because 90% is oo tight) of

minimum confidence requirement.

It 1s necessary to address how well the survey covered those existing user
interfaces features. Our survey, approximately, covered enough sample of
user interface if the number of accumulated features reached a satLlrated
conditibn (l.e. when the number of samples was increasing, there were no
changes on the number of unique features accumulated or the increase of

the number of accumulated unique features was very slow).

Therefore, coverage curves were used o test the coverage level of the
survey. We continuously added samples to the sample set of the coverage
curves according to procedure 3.1.2.1 and the unique user interface features,
which were found in the samples of the sample set, were found and were
known as accumulated features. Figure 3.1.2.1 shows that the number of
samples was increasing but .there were no changes on the number of
features accumulated after sample (4) and sample (7) were added to online

and offline analysis respectively. The encouraging result was that the
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survey had already covered enough sample of user interface. This s

because thecoverage curves were saturated.
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Issues of Informatton Access Structure:

The first 1ssue explored was the population of the list and directory access
structure (1.e. inleri:acc). The analysis was carried out with 70% minimum
support requirement at 30%, 70% and 90% minimum confidence
.requiremenls respectively. User interfaces that fail to fulfill the minimum
requirement of confidence were considered as hybrid. All .the hybrid user

interfaces were not considered for the analysis.

Nuntber of Content Providers using Different Access Structures
60
50 2] Llét
o) Directory
a 40 3 3 i
] Y- O Hybird
v 30 T E e e
il i :
=] ! 1 E
5 20 -l E 5 G s -
: =z ,
= 10 gyl BERSg - 33 -
rd l H }Mrog« IH {
0 1 H L ' . H1E 1!_ v H ey
50% W% 90%
Mmnimum Confdence Required

Figure 3.1.2.2 Number of content providers (i.e. sample of user interfaces)
using different access structures based on different levels of confidence in
the identification of the nature (i.e. list / directory) of access structure by

the subjects.



Accordillg to Figure 3.1.2.2, there arc more content providers providing
directory interface than list int.erface it t_he minimum regquirement of
confidence on interface type judgment was set to 50%. However, there are
" more content providers -which provide list iaﬁerl‘”ace than directory interface
if the minimum requirement of confidence on interface type judgment was
set to 70% and it was found that the gap between the population of list and
directory was becoming much more significant when minimum confidence
requirement was increasing from 70% to 90% (i.e. becoming much more |
certain). The results suggest that list interface is more common than
directory interface. This is because the proportion of list interface in our

samples was higher than that of directory interface.

As list was much more commoniy uéed than directory, no hierarchical
access structure was needed to be developed if list was also human
preferred compared with directory. Normalized preference values of
samples were divided into ten intervals and population of samples of list
and directory were distributed into the ten intervals accordingly. Analysis
was then carried out by comparing the population of list and directory Fit

different intervals. If there were a large population at relatively high



preference intervals, it means that the access structure is relatively more

preferred by human and vice versa.

Interestingly, it was found that the dominant populations of list were at a
lower éreference interval comparing with that of the dominant populations
of directory (Table 3.1.2.1). It means that the subjects prefer directories
over lists. It also indicates that existing and commonly used access
structures may not fu.lﬁll human’s preferencgs. One of the possible reasons
is that a directofy can summarise huge amount of information into a small
piece of text and can facilitate navigation using only limited display area of
mobile devices while list structures fail to do so and require much more
'scrolling and page jumps. Thus, a directory structure comes with strong
summarising and navigating capacity. Further analysis and innovation on
mobile information access mechanisms to support mobile searching seem
to_be necessary, particularty in the development of hierarchical access

structure as it is one of the human preferred models for navigation when

there is information overloading,




Table 3.1.2.1: Percentages of the Preferences of List, Directory and Hybrid

Interfaces

Nature of Ul List Directory " |Hybrid - -

Online/Offline Ouline Offline Online Offline Online Offline

Minimum 0.510.710.9 0.5 [0.70.910.5 [0.7 [0.9 0.5 [0.7 0.2 |0.5 [0.7 [0.9 0.5 |0.7 jo.9

Confidence

Preference Level Y%
o1fg|jo|lO0fl0O{O0]O0f(O}jO|O}IOjOJOLO|{OG|O]jO|O]O
1200 (0|10 |00 0 ojojojotofojlo)jojojojoyo
23 0f0j0|JOjO|jO}O|lO[O]|]OJO}0O]O | 0{oflojoqo0
34450(5010y0t0j0{0|0jOjOjO0{O0]0|O|9|O0jO1loO
4-'5 30150(100) 718 (1370|000 |O|OjOjOlO]O|(0O]O
56 0 O ;0 167|76(75]40)331 0 (18] 000 (50]|36]0 (30|31
6710100 [27}16113]60]67]0 |76|88 106 0 [50]55]0 (7064
78001 0]O0JOlOJO]O{O|6)13|]010O[0O]0O]|]0O]O0]4
890 (0|0 (0OjOjO|lO|O]jOfOjlO|OlO[OjO|OO]O
9-19|0jo0lo0|jo0|O0jO0|O|OfOjOjOlOjOlO|O|GlO]O

Total # of Sample |2 (2 |1 |30 [25 [16 110 |6 |0 34 16 [3 [0 4 (11 |0 |23 {45

Issues of User Interface Feature:

It was assumed that human 'preference not only _relétes to inforrilatidh'




- be governed by its nature and also features. It means that we have to
develop a hierarchical access model with the consideration -of “preferred”
features. Therefore, the second issue is to explore the features found in the

samples of user interface. i -

It is assumed by common sense that more features come with higher human
preference on the user interface. In order to judge the assumption, the
availability of user interface features on each of the samples was judged by |
users and all the samples were then grouped according t.() the number of
user interface features contained. Accordingly, an analysisr was carried out
by comparing the average preference on each group of samples of user
interface with the same number of interface features contained. If the initial
assumption is true, the average preference of a given sample of user
interface should increase with increasing number of féatures contained. |

However, it is found that the average preference increased with the increase

in the number of features and with a diminishing return aftér a certain

critical point is reached (Figure 3.1.2.3). It was ﬂiffefent_ fromour

assumption which wa$ made based.on.common sense.'The differefide may




while too many features may degrade the utility of the user interface. This |~ -
is because the linited display area on mobile devices cannot contain many
user nterface features, which may cause confusion. In this way, a mobile

searching interface should provide only the necessary and effective user .

interface features.

Preference

—&— Online (avy) . O
O Online(Min)
& Online{dvax)

—— Oniflinefavg)
X Offtine(Min)
O Difline(Max)

1 2 3 o

Number of Features

[F3

Figure 3.1.2.3 User preference with respect to the number of features

Having established that only a limited number of features can be added to a

searching interface, the selection of features becomes an important issue in
the design of a search interface for mobile devices.” As shown in Figure

3123, the critical number of <.féat_u1f'_q_'s is A'likely:,hig,_h_f_:-r-‘"tha:n_ .one..It was..

‘ :,'assum;é;'_i that t'he_re_\'érq}{é gréup/groups\of features[h
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each other. In order to provide a preferable searching interface, an analysis
was carried out to explore whether preférred combination of (eatures is one

of the possible factors governing a preferred overall user interface

preference. -
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Figure 3.1.2.4 Averaged preference of features with respect to preference of
user interface.
Remark: Each of the data points. is representing the preference values

assigned by a user on a user interface.
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Figure 3.1.2.5 Averaged preference of features with respect to preference of
user interface

Remark: Each of the data points is representing the preference values
assigned by a user on a user interface,

Figure 3.1.2.4 and Figure 3.1.2.5 show that there is a positive relationship
between the preference of user interface and the average preference of the
contained features while there are still a number of exceptional cases
(noisy). The problem can be reduced by averaging the prefefence values B
assigned by users on each of the samp]es'_if thie. e.x“cep.vli'c‘m_al cé';gs were.._ -

caused by user .variatio.n‘s. _F;ig'u_r'e:3.1.2.6. and 3=figur_e 3.1.2.79. -Show that




preference values. Therefore, it is suggested that a preferred combination of

features may be one of the possible factors governing a preferred overall

user interface.

- Analvsis on Ofline User [nterface
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Figure 3.1.2.6 Averaged preference of features with respect to averaged
preference of user interface
Remark: Each of the data points is representing the averaged preference

values assigned by users on a user interface.
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Figure 3.1.2.7 Averaged preference of features with respect to averaged
preference of user interface

Remark: Each of the data .points is representing the averaged preference
values assigned by users on a user interface.

As it 1s possible that the breference of a sample of user interface can be
governed by its user interface features, 76 samples (that fulfill the 70%
minimum support requirements) were divided into 3 groups according to
user preferences (top 25 from the highly preferred group; last 26 from a less

preferred group). All the subsets of features of each of the samples were

considered as a feature set and there were '183_u_f1i ue feature sets found. In -




preferred user interfaces, any feature set at thfee (a value higher than one so
as to havé a higher degree of guarantee oﬁ the i'mpor-tance of the feature set)
or more than three at-the highly preferved group ONLY were considered as
the highly preferred features set (Table 3.1.2.2). 1t was found that grouping

information into directory and showing information with list as well as

connectivity facilities for providing navigation are the highly preferred

patterns for mobile searching interface.




Table 3.1.2.2: Preferred Featﬁre Sets

Feature Sets User Interface Features

1 Provide facility for jumping back to higher level
Provide facility for jimping in between different catalogs

List of titles together with abstract in each of the catalogs

Articles were classified into different catalogs

3 _ Provide facility for jumping back to higher level
Provide facility for jumping in between different catalogs

List of titles together with abstract in each of the catalogs

S Articles were classified into different catalogs

List of catalog names together with related titles

LTS oAt :
Tl N

3.2 User Behavior and Requirements

Establishing user reqUireménts is well ét:ﬁci':eﬁlted .as an -essential ‘step dn .

,-dcy_glof)'i _g;..-'u's'eful;énd ;uééblé"r'sys't'éiﬁ's" uch’:as moblllé_,iséafé'}:ii'ﬁ"g”




:understood by system de\{elopers [68]. In the previous section, we explored
the feasibil{ty'of our proposition of using hierarchical access for mobile
séa‘rching based on user preferences. In this section, we further explore the
feasibility of our propoéition from practical requirements and user
behaviors. However, a major challenge in analysiné user requirements as
well as behaviors for mobile searching system is the versatility of usage
patterms and wusage contexts in which the application takes place.
Traditional means of requirement survey and usability tests are not enough -
for captunng users’ activities and users’ needs in 'their p.ractical situation.
We did our analysis in exploring mobile searching system requirements and
user behaviors from user’s practical environment, based on a well-known
practical analysis methodology of user requirements called Contextual
Inquiry which is a component of Contextual Design (Appendix D). The
Contextual Inquiry focuses on discussing and analysing practical
difficulties as well as functional requirements when mobile knowledge
sgekers.are searching for imformation ‘with mobile '-dei}ices. The rlés‘ul'ts

represent the needs in the ‘ﬁel‘d, ;he difficulties expeﬁeﬁéed'érid éré‘tl.l_e

nformation using mobile device




3.2.1 Similar Work

Research based on Conte,\'_tual Design focuses on the development of
practical systems in order to support real work practices. Williams and
McClintock [69] recognized that a closer relationship between users and
developers is necessary to support the development of user [mendly
products better. Cabletron Systems, Inc. [70] also formed two
cross-functional teams to conduct Contextual Inquiry studies in 1996 and -
1997. Both teams agTeed that the methodology exceeded their expectations.
Another two res’e;arch parties ({71] and [72]) also re.ported their
user-centered studies based on Contextual Design in 1997 and 1999
respectively. The former one presented the work of using a sequence of
steps to keep an ongoing and evolving understanding of user requirements
under consideration of the system designers and developers for designing
clinical workstation software. The latter one tried to derive user data from

Contextual Inquiry in a large, multi-site product development organization.

. get _implications - on . product design. Moreover, %the .-human-compiiter’

Their distributed teams collected and analysed data from users in order to ™.



Contex.tual Design to enable users to participate throughout the-technology
developn.leﬁt process. The technique is calléed cooperative inquiry which
makes use of users’ practical experiences for developing software [73).
Konstantinos from University of Aegean also presented their investigation
on the use of Contextual DesignA for designing complex and innovative
systems. They found that Contextual Inquiry of Contextual Design is an
emerging practice for investigating behavioral requirements of users in -
their working environment. The advantage of Contextual Design over other .
requirements elicitation methodologies, such as Requirerﬁents Engineering
and User Task Analysis, is the focus on observation and in-work interviews
for extracting requirements and designing customer-centered systems.
Researchers have successfully applied and adapted the methodology to a
special case of gathering user requirements for a mobile exhibition system
{74]. It 1s not difficult to realize that such a sofiware design process (the

.Contextual Inquiry) is generally being accepted as one of the practical and

useful software design methodologies among different paﬁies.




Nokia conduc_lefi a user needs study on !heir'Nokia 9000 Communicator
[75] Based on Contextual Inquiry \\?’ithl 51X p.rofessional users in 1996. Such
a user need sttldj"l1as investigated both the required functionality and
human computer interaction issues. Despite- numerous practical challenges,

the study was successfully applied in the development of mobile

communication devices.

A more recent research, which was based on Contextual Design, [76] |
reported a study with a group of novice wireless phone ﬁsers on wireless_
communications usability. The researchers of the study closely tracked the
users after service acquisition. The study was taking a
technology-as-system analytical approach, and described the wireless
telephony system as four socio-technical components: hardware, software,
netware, and bizware. Their particular organization of the system is
intended for the practical application of designing for usability. The

research grbup believes that the analysis for accessing the 'usal_j_ilit& pf

- wireless telephony system should be beyoﬁd fhc ‘device and technoiogy "

itself to include the context of working environme




Contextual Design was widely and succetssfuily used on designing and
lesting different software systems and.even physical hardware including
wireless telephony systems and hardware. It is believed that Contextual
Inquiry can be one of the most suitable methodologies fér analysing the

feasibility of our proposed hierarchical access structure for supperting

mobile searching.

3.2.2 Experimental Setup

The analysis was carried out by situating an interactive expetiment in the
real activities of mobile device users in order to cover a wide range of
naturally occurring user experiences, requirements and behaviors.
Naturalistic study 1s difficult to accomplish, while direct observation by

shadowiﬁg users 1s possible for very small numbers of participants {76).

The data collection and analysis approaches were primarily qualitative. We

tried not to limit our observations to a pre-defined issue space as Palen L.

and Salzman M. [76], and thergfq_fé tried to colleél_wide range of .



user based.
Users:

Fifteen experienced PDA users were invited to participate in our sﬁ:dy —ten
males and five females (Appendix A.l Subject 12 - 17, 19 —- 27). They
- were the subgroup of the subjects who participated in the user preference
survey as described in sect.ion 3.1. This is because we need to have a better A
understanding and comparison of the users’ preferenf;e, behavior and
practical requirements. In order to address user interface issues, all the
users come with human computer inrteraction training experiences. They are
undergraduate students, aged 20 — 23. The users had experience from
modest to expert with m;()bile phone and Internet. They have on average at -
least four years of online search experience and with the -experience to

access the Internet as well as mobile devices. These subjects reflect the

‘most active population using mobile devices (App_eﬁdix A2) and these.

subjects are expected to continue to use mobile devices in the future.




Expenimental Tools: -

A PDA (Pocket PC - Toshiba e740) (Figure 3.2.2.1) was connected to a
laptop computer, which, in tum, was.comnected to the Intemet for acces_sing
lntemet. resources (Figure 3.2.2.2). An audio.recorder and a video capturing
tool (Remote Display Control) were used for recording the experiment.
Meanwhile, data traffic and user interactions were recorded by proxy server
in the laptop computer. Two Internet browsers, namely, Internet Exptorer |
and Klondike WAP browser (Figure 3.2.2.3, 3.2.2.4), w;are employed for
accessing Web and WAP based information respectivély. As the browsers’

interfaces and functionalities are similar, we can minimize the biases of

interface effect caused by the different Web and WAP content.
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Search Tasks:

[n this experiment, the search tasks were designed for observing and

analysing practical user requirements, opinions, and behaviors when the

61



users were searching ~with mobile devices. Users were asked to perform
" various 'sez;rching—g tasks (Appendix E) on Web based and WAP b'ased
iformation by using keyword based or hierarchical based searching
tools/engines. The tasks were categorized into four sections which were
further divided into eight sub-sections so as to make sure that thq users

performed searching on various tasks for mobile information access.

Data Collection Channels:

Four interviews, each comes with two sub-sections lasting for one hour,
were conducted with each user. The interviews were open-ended and
conducted while users were searching with a mobile device for the given

tasks such that requirement issues were discussed with the users at the same

time.

Interview:




mobile searching system. Such information, together with-user’s actions
and interviewer’s observations, were recorded during the interview. A short
discussion was conducted with the users in order to discover and wrap up

probiems and ambiguities after each interview. -

Video and Audio Tapes:

All interviews were video taped and audio taped as supplementary

information.

Questionnaires:

Additional information, such as user background, was collected with post

experimental questionnaires in order to take a better understanding of users’

behaviors.

Experimental Procedures:

1. Theé experimental reqliiréments, runidown and tools Were briefed.




2

L

10.

11

12.

" Users were requested to try the experimental tools and perform

sear?ch'ing in order to fanuhiarize with mobile seﬁrching situations,
Searching tasks of section 1 were briefed and each of the users was
asked to make sure that s/he knew exactly what was going to scarch.
Section [A was performed and followed with a short break.

Section IB was performed and followed with a short break.

A short discussion was conducted for summarising and wrapping up
findings.

A short break was givep to the users and the interviev‘v'er for relaxation.
Searching tasks of section Il were briefed and each of the users was
asked to make sure that s’he knew exactly what was going to search.
Section IIA was performed and followed with a short break.

Section [IB was performed and followed with a short break.

A short discussion was conducted for summarising and wrapping up

findings.

A short break was given to the users and the interviewer for relaxation.




15. Section [1IB was performed and f'oHowed with a short break.

16. A short discussion was conduéted for summarising and wrapping up
findings.

17. Ashort break was given to the users and the interviewer for relaxation.

i8. Searching tasks of section IV were briefed and each of the users was
asked to make sure that sthe knew exactly what was going to search.

19. Section IVA was perfqrmed and followed with a short break.

20. Section IVB was performed and followed with a short break.

21. A short discussion was conducted for summarising and \tvrapping up

findings.

3.2.3 Result and Discussion

In the following sections, we further explore the feasibility of hierarchical
access and factors governing the design of hierarchical access based on user

requirements and behaviors. It is possible that some of the focus and séope

of user requirements may not be expected before the experiment. If we ﬁx

the focus and scope of data coligction, then we may miss many.'p‘s‘_eﬁj_l user




users can raise their requirements, opiqions and difficulties frequ while
they were .searching via moBile device. However, the 'coliec.tecl d‘ala are
normally non-structured and do not have a fixed focus on representing the
users’ requirements, opinions and difficulties. It is difficult to make
conclusion from such data directly. An affinity diagram was, therefore, uséd
to consolidate such data for analysis. An affinity diagram is a hierarchical
structure which represents information from general to specific in which -
each of the parent nodes is representing a general idea concluded from the |
associated child nodes. In our case, the collected data we're represented by
leaf nodes of the affinity diagram and those similar nodes belonging to the
same layer were grouped and consolidated in order to find a general idea of
each group and formed an upper layer with the general ideas of the groups.
As a result, the afﬁnity diagram represents grouped and concluded ideas
from the collected data. Therefore, we are able to explore the requirements,
opinions and difficulties of users by referring to those consolidated
conclusions (i.g. ideas) in the éfﬁnity diagram. ":l"he result of the analysis

was summarised using-affinity diagrams and the behavior was sumﬁé{ris"ed:




Analysis of Affinity Diagrams {AD) (Appendix F):‘

Requirements, opinions and observations, which were collected from users
during open-ended interview in the experimeni, were all regarded as
requirements. The requirements were consolidated and complemented by
video and audio records in order to avoid losing information. The
consolidated requirements were then re-constructed into affinity diagrams
which represent a hierarchical relationship among different requirements

and provide a summary on similar requirements. The following analysis

was based on the affinity diagrams.
Feastbtlity of Hierarchical Access:

We assumed that hierarchical access was not only a human preferred access
structure but also a suitable access structure for supporting mobile
searching 1n practical situations. If our assumption was accepted,

hierarchical access should fulfill those 'practii_:a} reqtri_i_'rérpe_nts méﬁ.t_'ioinédl in

L

{diégran{s._.:HerAe_i .we try to '__ judgé -our sassumption “froni’ the .

the afﬁhrj__it_yr

following dimensions. - -



Firstly, owing to tht? limited input capacity QF mobilé devices, selection
based inpu.l'is much more suitﬁble than typing ba—secl inpu't .[AD -1.1.1.3.6],
‘which favors the use” of hierarchical ‘access as all of the input using
hi_erarchal access is selection based. This finding was further confirmed by
[AD - 1.].1.3.7] that a local catalog (hierarchy) was much more preferred

than local keyword search for accessing a Web site.

Secondly, [AD - 2.1.1.3.1] indicated that much information was not
grouped or organized, resulting in ambiguous layout, lslowcr accessing
speed and waste of display area. The use of hierarchical structure is one of
the ways for grouping and organizing disordered information. Thus, users
also agree that hierarchical structure can provide a tidy layout [AD —
2.1.1.6, AD — 2.1.1.6.5.2] and they prefer using hierarchical structure for
grouping information [AD ~2.1.1.6.6.3]. This is because, according to their
practical experience, hierarchical structure can help them to identify

relevant information quickly (We will try to farther val-idate this judgment

“in Chapter 4) by ‘providing a tidy, orgqﬁizéd layoutand summary 0.'f_ C




- Thirdly, it would be much more convenient to use hierarchical access tf a’
user knows that the searching- item belongs to which catalog in the
hierarchy [AD — 2.1.2.3.1.1.7.3]. In some cases, users need to use a

hierarchy when they cannot specify queries or do not have a clear objéctive

for searching [AD-2.1.23.1.1.7.1,AD-2.1.2.3.1.1.7.2].

Finally, hierarchical access could probably be a good summariser for
concentrating important information so as to fulfill the requirements.
mentioned in [AD - 2.1.2.3.1.2.1], which, in turn, allows l.lSE:l’S to anticipate
the relevance of a group of documents by browsing only a small and
organized tierarchical summary. Potentially, users can have a faster
accessing speed to information (In Chapter 4, we will further prove this
judgment by an experiment of information access performance) as
mentioned in {AD — 1.1.1.2.2] and make a decision on whether to wait for

the loading of detailed content or not as mentioned in {AD —1.1.1.2.1.2,

AD - 1.1.12.1.3].




Exploration of User Requirements:

Fir’sily, users require a simple, clear, tidy and sharp layout with a common
or static form, in which co.mponents are indicated clearly and fitted to a
single screen that fully utilize the screen [AD - 1.1-.2;1]. This is because a
complicated and information-rich layout causes ambiguity when it is used
to access information with a mobile device that has a himited display.
- Therefore, simple text-based links, and well-contrasted text (black) and
background (white) were considered to be the most suit‘able for showing

information in mobile devices {AD - 2.1.1.4, AD - 1.1.2.2].

Secondly, users reported that sumrﬁarisation, concentrated infom@tion,
heading, indexing and local hierarchy (catalog) could be useful for them to
understand, search and identify useful content quickly and conveniently in
mobile devices. Thié is because it is difficult for them to browse a huge
amount of information with a small display area in a mobile device while

they may be able.'tc;t‘dq S0 ,Wliéi_i :tlnle'y are usihg'deglété'pi..cp}hpptgrs [AD -

+.2.1.1.7.1). Moreover, they'lss suggested that orily abstract and heading are




L
L

lphabetical Srde

Fourthly, -users ‘siiggested ;softirig ;search _:iri_a;_ultg

information such as the total number of search result and the total number

of pages could be useful [AD-2.1.1.82,AD-2.1.18.3].

Thirdly, users indicated that they will not be able to search for a single
purpose for more than 15 minutes if they use mobite devices to search for
information in real life [AD — 1.1.1.2.1.1]. Also, they cannot accept slow
loading and accessing speed when they are searching via mobile devices
[AD - 1.1.1.2.2]. They suggested rerﬁoving pictures and information that
do not fit onto a single page 5o that the loading speed can.be increased and
the amount of scrolling can be reduced (slower accessing speed) [AD —
1.1.1.2.2]. As scroliing made users difficult to locate, capture and access the
information [AD -2.1.1.3.3}, they | suggested splitting pages, physical
control keys and hierarchical summariéation to deal with or even replace
scrolling pages. Thus communication cost (data traffic rate), gccessing
speed and loading speed as well as tidy layout have higher priorities than

other functions such as pictures and scroll bars [AD —'1.1.1.3.9].

2]

.

- uSer intérest if -,fpo_"ss'iigler [AD 2! .';273
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iz:eiévant__';r?ﬁki_ng or . ..



they did not prefer having more than 20 items in a single page ‘fAD —

21.233.1,AD-2.1233.12]. ' - -

Fifthly, it was required that function keys should be unique -and user’r
familiar, with déscriptions and cleérly shown. For drawing users’ attention
~effectively and for users’ convenience, function keys should be grouped
together and put at the t'olp and bottom of a long page (scrolling is required)
or at the bottom of a single screen page [AD — 2.1.1.1]. In addition to
seeking attention, 'h_ig;hlighting of important keywords in ihe search results,
abstrz;cts and headings could be useful hints to help users to ident-ify useful
information. This ts because users indiéated that they usually pay attention
to such items. Also, highlighting visited links can also help users to quickly
access useful infoﬁnation as they can skip those visited but useless links

quickly {AD - 1.1.1.1].

Finally, users are seeking for a feasible mechanism to group information,

and-hiéi‘a-rchy is one of the_po$_siblé ﬁi;aihdds-heipihg users to _i_cl@riﬁfy-

" information.- The users use hiérarchical:searching ;when hey-ar¢ unable'to




specify queries or QQ not hav¢ a clear objecti\'e for searching or Whgn they
know exactoly the search 1tems that belong to C.elTai[ll parts of the hierarchy.
Users accepled changing on hierarchy’s component based on dynamic data
{te. dynamic hierarchy) if necessary, while information pro‘vided by
hierarchy has to relate to human’s common sense and comes with a static
style. Also, they preferred detailed hierarchy and accepted multiple paths
that matched the same concept which were either related to human’s
common sense or to the underlying content of the information units. As for l
displaying, catalog (hierarchy) and headings should not b;a put together and
names of nodes of catalog shoulq be well separated in a single screen
[AD - 2.1.1.6]. Furthermore, users reqﬁired status tracing functions such as
forward, backward and direct jumping functions to go to the different status

or levels of the hierarchy. This could be useful when users change their

ideas on the selection of hierarchical items {AD — 3.1.2.2].




Analysis on Behavior Flow Charts:
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Figure 3.2.3.2 Simplified user search

behavior flow chart

Each user behavior was recorded using video (refer to section 3.2.2) and

the behavior was summarised using a flow chart. The final analysis

integrated all the users' search behaviors by combining the flow charts. As

the aim of this section is to explore issues on designing hierarchical access

structure, only user behaviors regarding hierarchical access were analysed.

In order to make sure that the behavior flow chart (Figure 3.2.3.1) is

representing all the us_efs’ béhav'iofs tegarding ‘hierarchical access, the

behavior flow -chag’t' c'bfifaiht;d all

‘hierarchical access to'se

the péth's_ '_‘co'jl_géfed."~'1n .ordér ',to. 'srir:'n;_)lif_;y'r j -




Pull-down menus were irgjnoregi because pull-down menus are not the part
of the hierarchical access s'tructure. Also, paths via related headings were
ighéred b;:cause it was a particular feature of the ne';vs portals but nol
related to the search results. After discarding the in'elevant.l.ls'er behavior,

the final analysis of the user search behavior related to searching is shown

Jin Figure 3.2.3.2.

It was found that user behavior of hicrarchical access on mobile device is
quite simple and straight forward. There are only three n.1aj0r components
involved, namely, catalog, picture/abstract/headings and content. We may
further ignore the issue of picture bécause pictufes are not preferred [AD -
[.1.1.3.8, AD — 1.1.1.3.9]. Instead, it is found that the linkage in between
the above three components was important. In order to fulfill users’

behavior, there should be paths for linking each of the three components of

the hierarchical access structure.




3.3 Comparison and Contrast on User.Prefercnce Survey

and Contextual Inquiry.

3.3.1 Feasibility of Hierarchical Access Structure

According to the user preference survey, hierarchical access structure was.
highly preferred by users. This can be explained by the user requirement
analysis of Contextual Inquiry. Owing to the limited display‘ area and input
capacity of mobile device, users require a tidy, organize.:cl and summarnsed
selection based access structure. The access structure should provide fast -
access and good prediction on the relevance of underlying content.
Hierarchical access structure is one of the access.structure_s which can

fulfill such requirements.

3.3.2 Similarities and Contrast on User Interface Features

As the results of thé user pr_eference survey were based on user’s perception
of the user interfaces, it may not fully represent the practical requirements
of mobile users when they are performing mobile .searching. Therefore, the
Contextual Inquiry lets the users to raise their Vdifﬁc‘:ullti‘es, oplnlons aridl

requirements while they are actually searching for information -using. %




The Cpntextual Inquiry further confirms and complements those issues in
the sur\;ey.‘Tabie 3.3.2.1 summarises the iportant user inlerf-ace {eatures
indicated by the survey and Contextual Inquiry respecuvely. Some of the
features found in the survey are similar to features found in the Centextual
Inquiry. However, some of the features were only indicated as important in

either the user preference survey or the Contextual Inquiry.

Particularly, the importance of categorization of information (a similar
important feature in the survey is “Articles were classified into different

catalogs™) supports the use of hierarchical access structure because

hierarchical access structure is similar to catalog.




Table 3.3.2.1 Summary of Important Features [dentified

Important Features [dentified :

User Preference Survey

Contextual Inquiry

No stmilar features

Bold or underline or hughlight those keywords

and visited links

No similar features

Always fit information on a single screen (i.e.

avoid scrolling)

Provide facility for jumping back to

higher level

Backward and forward functions

No sinular features

Selection based input

No simular features

Local catalog, menu and abstract to provide a

sumnmary of information

No similar features

Description on function keys

No similar features

. Grouping on function keys

No similar features

Text-based links

No similar features

Black and white background and fonts

No similar features

Page brealk/split long pages for avoiding

scrolling

No similar features

Physical function buttons

No similar features

Pull-down menu

Provide facility for jumping in between

different catalogs

Function for directly jumping in between
different status, e.g. Page number list

<1,2,3,4,5>

No similar features

Sorting items by relevant ranking, alphabetic

order or user interests

No similar features

Show total number of search results or

available documents or pages

No similar features

Summary of information by heading, abstract

or local catalogfhierarchy

Articles were classified into different

catalogs

Categorization of information

List of titles together with abstract in

each of the catalog .

"|Abstract -+ heading _'i\;.fould enough for

|browsing search fesult - -

‘|Previous documer

|Providé facility t6 jump o the’ néxt .ot

ACist of -catatog’

* lrelated titles -




3.4 Propesed Interface Design

With reference to the user preference survey and Contextual Inguiry, a
preferred combination of user interface features contains all of the features
which are known as preferred ‘features (1.e. the features that were onlyl
found at those user interfaces which attained high overall user preference)
in user preference survey and required features in Contextual Inguiry. This
is because such features would probably fulfill both user preference and
practical requirements in comparison with others (Table 3.3.2.1). The
combination can also contain some other features which may either be

known as preferred features at user preference survey or required features

at Contextual Inquiry subject to practical requirement and functions of the

interface (Table 3.3.2.1).

3.5 Summary

In this chapter, the issues regarding user preference of user interfaces,
features of user interfaces and access structures for mobile searching were -

- addressed. A -survey was iconducted in order “to ;explore. various -user ,

«

Lo

preferences -on -user:interface, -featires of user “interface -and .access




structures of the mobile search system.

[t was found that list is much common lhqn hierarchical structures but not
preferred by the users (i.e. the subjects of the survey). Instead, the users
prefer using those hierarchical information access structures for browsing
with mobile devices, which, in turn, suggest the need and the use of our

proposed hierarchical access structure.

It was also found that a preferred combination of user interface features
may be one of the possible factors governing the overall u'ser interface
design. In addition, the quality of interface will be improved with an
increase in features contained while there will probab_ly be a critical number
of features (i.e. interface quality may be degraded if too many features were
added). We also discovered a number of feature sets that were commonly

found at the highly preferred interfaces.

We further analysed practical .requirements and ‘ behaviors .on access

stricture of the mobile:

r.

searching system. It was folind that hierarchical *
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practical requirements, -

It was also found that hierarchical access structure based on analysing user

_behaviors could be as simple as only containing hierarchically organized

catalogs, functions for navigating in between different catalogs, title list of

items contained in the hierarchy and related contents.

Although hierarchical access is preferred by users and practically required, '
it 15 not commonly deployed. One of the reasons is probably that
hierarchical structures are financially costly because they are constructed
manually for the mobile content providers, s.imilar to the hierarchies of
Yahoo! and Open Directory. In the following chapter, we will further
prlore the feasibility of automatically constructing concept hierarchy and
the information access performance using concept hierarchy to support the
searching of documents in search results using mobile dévices. We will also
use the findings of this chapter for designing a sample hierarchical access

structure in order ‘to test the information access performance issues of

hierarchical access structure. .




- Chapter 4

Hierarchical Access Structure

In the -last chapter, we explored the feasibility of hierarchical access on
supporting mobile searching based on subject preference and requirements.
[t was found that hierarchical access is much more preferred and required
by human subjects than the commonly used access structure, i.e. list. In thi_s
chapter, we further explore the feasibility of automatically constructing
concept hierarchies and the performance of the concebt hierarchy as a

hierarchical access structure to support the access of search results using

mobile devices.

4.1 Types of Hierarchies

4.1.1 Manually-created Hierarchies

Most of the existing hierarchies are created manually; typical examples are

Yahoo! [21]Opend1rectory Project {77] and electronic library catalog. As

[

-manually




However, njanually-created hierarchies cost huge amount of manual effort
to ‘construc't,‘ e.g. Yahoo! employs hundreds of expert.s for updating the
Yahoo! hierarchy and Opendirectory involves thousands of people for
creating the directory. It is costly for manually-created hierarchies to
support mobile Internet search because of the huge amount of information
on the Internet, e.g. more than 3 billions of Web pages have been indexed
by Google [7]. Moreover, human-created hiefarchies are very general
because they are required to fulfill the needs of generic subjects. Therefore, ‘
automatically-generated hierarchy is needed f01; sﬁ.pporting mobile
searching. This 1s because automatically-generated hierarchies can provide

intricate details of hierarchical structures at a more affordable cost than

manually-created hierarchies.

4.1.2 Pre-defined Hierarchies

Work has been done on finding ways to deal with the problems of
manually-created hierarchies. One of the aspects is to automatically classify

infoﬁpat_ion_ irit.o" '_ri)appé]lyfpiré-deﬁ'r_;ed .hié:rarchips;':f(e.g., [78, 79]). Such

‘
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amount of information on the Internet. It would be desirable 1f there is an
automatically-generated hierarchy that adapts to individual subject search

contexts and search results (e.g. concept hierarchy which is generated from

search result directly):

4.1.3 Lexical Hierarchies

Another way to generate hierarchies auton"'aatically 1s the use of hierarchical
structure of phrases that appear frequently in the set of documents. Such
hierarchies of phrases are called lexical hierarchies and much work has
been carried out in the generation of lexical hierarchies (e.g., {80, 81]). The
work depends on frequently occumng words within phrases or nounl
compounds of a documént set to discover the major ideas/concepts of that
document in order to construct the hierarchy by making the more frequent
terms as the parent concepts and less frequent te.rms as the child concepts.
Accordingly, t}_lﬁ: nature and structure of lexical hierarchies are highly

dependent on. phrase discovery and the ranking of candidate temms.

'However, a long docurnent that uses a term frequently could make the term -




hierarchical terms.
4.1.4 Subsumption Hierarchies

Other than pre-defined and lexical hierarchies, .anolher way (o generale.
hierarchies automatically is the use of subsumption relationships between

terms and the generated hierarchies are known as subsumption hierarchies.

There are some terms tl'lat broadly occur among documents and deﬁn§: a.
general topic across documents. Some other terms co-oceur with the terms

of general topics while only occur in a few documents. Such terms

represent the details or aspects of a general topic in a more specific manner.

Subsumption hierarchies harness the power of “general to specific

relationship" for generating hierarchies. A subsumption hierarchy [56)

comes with the following charactenstics:

1. It reflects the topics covered within the documents by associating

terms selected from docum@nts.
2Tt 15 composed_of cohestve association of tcnﬁs. For -any _Igiye'n ‘

‘hierarchy, a parent term is more .general

1

association of subsumptiol
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For any given association of terms in a subsumptio-n .hierarchy, the

following deﬁ.nition of subsumption relationship “P(X/Y) = 1 and

P(Y/X) < 1" must hold if term X subsumes term Y. Thus, term X

subsumes term Y if and only if the documents i1_1 which Y occurs are a

subset of the documents in which X occurs.

Any given term could be able to subsume all of its descendents and a

child may have more than one parent.

Subsumptions are transitive and therefore, a hierarchy can be built by

recursively subsuming terms until there are no more subsumptions.

4.1.5 Justification for Using Subsumption Hierarchies

Subsumption was selected for generating our hierarchical access structure.

Firstly, manual hierarchies cost much manual work and thus, it is

impossible for handling much information on Intemnet (billions of Web

pages). Secondly, pre-defined hierarchies cannot adapt to varying subject

search contexts and changing information environment. It is clear.that

lexical and subsumption methodologies are rélé_ﬁvely suitable for




search contexts and. search results. However, the two methodologies
“employ  very different techniques for generating hiérarcﬁies.. Lexical
methodology relies on occurrence frequency of terms and subsumption
looks at both terms and co-occurrence of terms among documents. Both
methodologies work fairly well for homogeneously small document sets.
However, lexical hierarchy may perform poorer than subsumption when it
is applied to heterogeneous and large document sets [83]. This result may
be due to the fact that choosing any most frequent subset- from a
heterogeneous and large document set can produce a largf: number of key

terms and important relationships can be left out. As a result, subsumption

was selected for generating our hierarchical access structure.

4.2 Pilot Study

The aim of this pilot study is to examine the feasibility of automatic

generation of a concept hierarchy and how we could select candidate terms

for constructing hierarchies.




4.2.1 C_oncept Hierarchy Construction

The concept hierarchy is built based on the subsumption relations between
“concepts. Assuming that each goncept 15 represented by _one term, which
may have multiple words, term x is saxd _to subsume term y (1.e. x Dy} if
xDy when plx]))208 and plr|n<1 [36]. According to Sanderson and Croft
[56), the threshold value of 0.8 was derived after some experimental studies.
Here, we use the same threshold without adjustment. Before the
construction of a concept hierarchy from a document set, stop word

filtenng and stemming were carried out. The remaining issues are how

terms were selected and whether terms can contain multiple words.

4.2.2 Term Selection

We use two terms weighting schemes: one is based on the well-known term
frequency and inverse document frequency product (Equation 1) and
another one is based on the ratio of term frequency and inverse document

.frequency (Equation 2)




N . .
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wy; is the weight of term ¢ 1n cluster j, N; 1s the number of documents in j
and df;; 1s the number of documents in j that has term 7, ¢;; 1s the number of
occurrence of term { in f. The rationale for Equation 2 is to select terms that-
occur in different documents, instead qf penalizing these terms as in
Equation |. Another method of term extraction is based. on words in
~document titles. We want to compare the per‘fonnance using V\.-FOI'dS in
documeﬁt .titles with those, selected by term weighting schemes. If the
performance using words in document titles are significantly better, words

in document titles will outweigh words in document content for term

selection.

4.2.3 Multiple Word Terms

Due to the fact that some words are polysemous, the concept hierarchy may
be grouping information in a variety of different contexts though, to a

certain extent, clustering provides the (topical) contexts. For example,-. . -

uiitry Jordan: Hence, th

il
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difference between rvlf[ichael Jordan and the country Jordan. However,. the
ancestors of the node fqr Jordan in the hierarchy may not have anything in
common to both Michael Jordan and the country Jordan. Thus, adding one
Or more ad@ilional word(s) to distinguish them in different contexts can
reduce this type of semantic overloading. If we us_e a dictionary to store
multiple word terms, there -are problems related to the dictionary coverage
and neologism in compound words. Insteaa, we propose to identify

multiple word terms, using the association score [82], 1ie.’

association(x, y) = tog, 25y} for the association of x before y, where p(.) is
' =7 p(x)p(y)

the probability of the argument in all the documents of the same cluster.
Since the accuracy of the estimation of the availability of a multiple word
term depends on the number of the multiple word term in the document
collection, multiple word terms with an occurrence lower than some
threshold (1.e. 5 as in [82]), are discarded. Since the association score of
every two consecutive words, x and y, 1s compared with the confidence
level, only two wordl termg are discovered. For multiple word ‘te'rms.

extracted from titles, typically their occurrence fréqdéncy in only the titles

. is very low. Hence, the association for these terms -extracted from j?i.ﬂé_s lS e

-
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4.2.4 Preliminary Evaluation

We have evaluated our concept hierarchies in the same way as Sanderson
and Croft {56], so that we can roughly compare our performance with theirg.
In this preliminary evaluation, 30 Web documents were used for generating
concept hierarchies. Five subjects (evaluated concept hierarchies derived
from terms from term frequency-inversed document frequency) and three
subjects (evaluated concept. hierarchies derived from title terms) were
presented with the parent concept, child concept and granﬂ parent céncept

‘

if there 1s one. The subjects were asked to judge whether the child concept
was (1) an aspect of the parent, (ii) a fype of its parent, (iii) same as its
parent, (iv) opposite to its parent, or (v) unrelated to the parent. For
comparative purposes, a concept hierarchy based on the selected terms but
randomly subsumed (i.e. randomly grouped as parent and child conceptual
pairs) together was built and evaluated. Table 4.2.4.1 shows the

performance of the random hierarchy and our concept hierarchy. All

.

performance measures were macro-averaged ~across different “subjects, -

-which are typically.lower than the micro-averaged results.
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Tlme desirable parent-child relations are aspect ofand- fype of relations. 1f we
combine both performance measures (i.e. Yl%), it is simitar to the
performance observed (ie. 72%) by Sanderson and Croft [56]. The
difference in the distribution lies in that fact that our concept hierarchy
contains more aspect of relations instead of #ype of relations. For the same
and opposite relations, the performance of our concept hierarchies is about
the same as the rgmdom case. Compared with Sanderson and Croft {56], we
have noticeably fewer (about 5%) of the same relations. However, we have -
just about the same amount of increase in don't know (or unrelated)
relations compared with Sanderson and Croft [56]. This may be an
indication that the term selection performance needs improvement, as the
amount of don't know relations in the random case is also substantially
higher than that of Sanderson and Croft [56]. If terms extracted from titles
~are used to build concept hierarchies, these terms appeared to have less

don't know relations and much more aspect-of relations. The overall

p'erformance can be improved to 82%.




Table 4.2.4.1 Performance of Concept Hierarchies. Key: M: for concept
hierarchy based on random (R) or subsumption (S) method. E: for terms
extracted from the document body (D) or from the title (T). A, T, S, O and
D are the relation types: aspect of, type 6f, same as, opposite and don’t

~ know, respectively. Column P is the overall performance (A+T).

Techniques Classified Relation Types
M E A T S o) D P
R D 23% 1% 2% - 4% | 60% | 34%
S D 8% | 13% 3% | 2% | 24% 1%
. T 80.71% | 1.62% | 0.24% | 0% | 17.43% | 82.33%

4.2.5 Summary

We found that our derived concept hierarchy from extracted terms using
tf-idf (term frequency—'inversed document frequency) score yields a s;mllar
performance (71% of relationships are “aspect of” and “‘type of’f) compared
with that of Sanderson and Cfoﬁ (72% of relationships are “aspect of”’ and
“type of”"). One method to reduce the amount of don t know relations is to
use more relevant terms. Using terms in titles 1s a viable alternative, where
the desirable parent-child relations can be increased to about 8§2%. It would
probably suggest that title terms andr human-created summary .terms

outweigh other terms in term selection for constructing concept hierarchies.

L




4.3 Experimental Setup

4.3.1 Testing Data

The aim of this experiment is to test the performance of our hierarchical
access structure in supporting access to search result using mobile devices.

Fifty queries (i.e., 301-350) in the TREC-6 test collection were used.

According to Chapter 3, the subjects required tidy and textu:':xl information
for supporting mobile search. They do not prefer having pictgres because
pictures occupy too much display area. TREC-6 consists of only textual
data that comes without pictures and, therefore, it is suitable for testing our

proposed hierarchical access structure.

The search engine (IRE) in this experiment performs simtilarly as the
AT&T’s search engine (Table 4.3.1.1). IRE generated fifty search result sets
based on vector space model with pivoted document le‘ngth normalization
and TDN (Title (T) plus Description (D) plus Narrative (N)) queries
without relevance feedback. TDN queries were used because TDN contain

full description from TREC evaluators on the queries and have a better
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spread of query performance than other query types {Although TN had the
best_spread of query performance, TN was not used in the experin-]e,nl
because it did not contain full description from TREC evaluators on the
queries) (Table 4.3.1 ..2, Figure 4.3.1.1). Therefore, our subjects were able to
have a closer understanding on the queries as TREC evaluators, which may

increase the level of consistency of our subjects and TREC evaluators on

the judgment of relevance of search results.




Table 4.3.1.1 Precision of AT&T and IRE on TREC-6 to TREC-8 Based on
Vector Space Model with Pivoted Document Length Normalization and
TDN Queries without Relevant Feedback.

Data AT&T IRE

TREC-6 21.79% 23.01%
TREC-7 21.82% 23.56%
TREC-8 27.28% 25.92%
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Mean Average Precision of Queries

Figure 4.3.1.1: Query performance distribution.
Key: T, D and N are nature of queries where T means title, D means

description and N means narrative.

96



Table 4.3.1.2 Spreading of Query Performance
Key: T, D and N are nature ofquerieé where T means title, D means

description and N'means narrative,

Pre'cis.ion [nterval T D | N TD { TN | DN | TDN
Number of Queries

>= 0% and <=10% 25 28 | 32 24 22 3i 23
> 10% and <=20% 9 14 3 8 10 9 6
> 20% and <=30% - T 3 ] 1 7 4 7
> 30% and <=40% 5 2 1 6 3 6 | 3 | 10
> 40% and <=30% 2 2 1 2 2 2 2
> 50% and <=60% 2 1 i 2 1 ! 0
> 60% and <=70% o lolo ool o] o
> 70% and <=80% 0 0 0 0 1 0 2
> 80% and <=90% 0 0 1 0 1 0 0
>90% and <=100% 0 0 0 0 0 0 0

Variance 60 83 95 59 47 | 91 52

4.3.2 Construction of Concept Hierarchy

First of all, for each document in the retrieval list, words were selected as '

candidate terms according to the foliowing flow chart (Flow chart 4.3.2.1):
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L 4
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i i I I
;

Y Y v
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¢ lermg  / seywords  / lopics
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Flow Chat 4.3.2.1: Candidate terms selection

The candidate terms were then processed with the procedures based on the

following flow chat (Flow Chat 4.3.2.2):
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AB.CDABBCCDA
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i termnark 1)

h, 4
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I

h 4

Any of the candidate
patterns which came
I with an equal pattern
LN query or content,
| was considered as a
; concept and all the
concept's subsets
(excluded the concept
itself) were rejected to
be a concept. (refer to
temark 2)

All the human suggested
keywords and topics were
classified as single topicat
terms or phrase subject to
their original identification (i.e.

Any ordered subsets |
of terms in the content |
of dacument were i
considered as

candidate pallerns

if author of the document said , h 3
that it was a phrase then it /-’ Candidate 'f"
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] poe I
Y 4
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£ s 4 equal or higher than TF
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All the single topical terms and I
phrasas were considered as
concepts.

N

frequency). was
considered as a concept
and all the conceplt's
subsets (excluded the
concept itself) were
rejected to be a concept.

(Remark: the initial value
of TF was 9)

Concept Poot //
Concepts of the /

document

Yes

Concept Pool Empty ?

(£ yeewsy 0} 1981}

| No
h 4

l All the concepts were restored to original form (i.e. the form before
the ferm was stemmed), Some of the stemmed words had more
than one originat form and we selected the shortest one for saving

display area ¢f mobile device. (refer to remark 4)

]
h

/

i

/

Displayable concepts of the
document

r

/

Flow Chat 4.3.2.2: Candidate terms pre-processing
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Remarks on Flow Chat 4.3.2.2

All the title terms were treated as topical terms of the-document, as
suggested by our pilot study.

Because there were only a few numbers of terms in a title; it was
difficult to extract phrases (i.e. pattern with mulitiple terms) from title
terms based on phrase extraction mechanism such as tf-idf. By
matching candidate patterns with possible patterns, a query and a-
content not only confirmed the availability of the pattems but also
reduced ambiguity in between query, title and content on understanding
of concepts (e.g. the pattern words ABC in a title wzlls treated as concept
A and concept BC and the same pattern in a query was treated as
concept ABC).

Certain concepts must be found when TF was relaxed to | because
there was no empty document.

Because the stemmed words may be different from normal English

words, it may cause understanding difficulties.
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Concept Hierarchy Construction: The hierarchical information of concept
hierarchy was gene‘i‘aled based on P(X/Y) = [, P(Y/X) < | (Formula
4.3.2.1). Each time when a subject requested to browse a given level ofll_w
concept hierarchy, concepts at the Vlevel are generated by a procedure based

on the following flow chart (Flow chart 4.3.2.3), where K = requested

level.
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Flow Chart 4.3.2.3: Concept hierarchy construction
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Table 4.3.2.1 Possible Judgments on the Concept

Types of judgment on the concept Remark

IWaneed - All the documents, which contain these
concepts and available at this layer, are

relevant

Removed Al the documents, which contain these
concepts and available at this layer, are

irrelevant

Explored Some of the documents, which contain
these concepts and available at this layer,

are relevant and others are irrelevant

Unknown None of the above

Table 4.3.2.2 Possible Types of Document

Type of document  |Remark

Wanted Subject is sure that the document is relevant

Removed Subject is sure that the document is irrelevant

Unknown Subject do not sure whether the document is relevant or not

4.3.3 Information Accessing Structures

According to Chapter 3, list access structures were more common than
hierarchical access structures. Thus, many searching systems present their
search results through a list. In order to examine the feasibility of our
hierarchical access structure on supporting mobile information access in
daily life, a list access structure was chosen .to compare with our

hierarchical access structure from existing searching systems used by the

general public.
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}\ccording to figure of Search Engine Watch on 2nd September, 2003
(F,igur:e 4.3.3.1), Google indexed most textual documents when c.ompared' :
with other search engines, and in turn, Google had the biggest information
based on textual documents compared with other search engines. Also, such

type of textual information was similar to the type of information (i.e. text

documents from TREC-6) used in this expenment.

Billions of Textual Documents Indexed as of 2nd September, 2003

Textual Documents Indexed { Bitlions)

Search Engine

Key: GG=Google, ATW=AIllTheWeb, INK=Inktomi, TMA=Teoma,
AV=AltaVista.

Figure 4.3.3.1 Amount of textual documents indexed, which include HTML
files, text documents, PDF files, Microsoft Office documents and other

similar files. Image and multimedia files are not included [84].

Other than the consideration of type and size of information, the likelihood
that the general public will use the searching system and public’s
preference on the services of that system were also taken into consideration.

According to a survey of Nielsen//NetRating in January 2003, more than
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60.000 home and work surfers were measured and most of the people
preferred searching information using Google and Goobgle also has the

longest total search hours. Users probably did more searching via Google

than other search engines (Figure 4.3.3.2 and 4.3.3.3)

USA Diaital Media Universe Audience Reach Home and Work Users

Search Engine

0% 10% 20% 30%

Percentage of User

Figure: 4.3.3.2 USA digital media universe audience reach home and work
users, January 2003 [85]
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Total Search Hours in Milhions of Hours
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Key: GG=Google, YH=Yahoo, MSN=MSN, AOL=AOL, AJ=Ask Jeeves,
OVR=0verture (GoTo), I[S=InfoSpace, NS=Netscape, AV=AltaVista,
LY=Lycos, ELINK=EarthLink.com, LS=LookSmar_t

Figure: 4.3.3.3 Total search hours in mitlions of hours, January 2003 {85]

Search Engine Waich also invited public to nominate search engines in
January 2003, Winners of the nomination round were then voted. People
were allowed to name both a "winner” (Table 4.3.3.1) and a second place

“runner-up.” (Table 4.3.3.2). A total of 556 valid votes were received and

Google voted as the most preferred search engine.
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Table 4.3.3.1: “Winner” or First Choice Search Engine Vote [84]

: . Search Engine Vole (%)

Google ' 65%

AllTheWeb(Tast) 13%

Teoma 1%

Yahoo 7%

AliaVista 0%

MSN ‘ 1%

Lyvcos 1%

Table 4.3.3.2: "Second Place” or Second Choice Search Engine Vote [84]

Search Engine Vote (%0)
AllThe Web{Fast) 29%
Yahoo 19%
Google 19%

AllaVista 13%
Lycos 8%
Teoma 8%
MSN 5%

Accordingly, we tried to explore the interfaces of the PDA versions of the
nominated search engines. It was found that only Google provided list
access structure for PDA (Table 4.3.3.3). Therefore, 1n our case, Google's
access structure for PDA was treated as the most suitable candidate for
comparing with ours if the access structure of Google’s PDA version can

also be adopted according to the findings in Chapter 3.
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Table: 4.3.3.3: Search Enome Status on Mobile Services

Search Engines Service for Mobile Devices
Google WAP and PDA
AllTheWeb(Fast) Only found the version for WAP
Teoma .| Can’t be found and we assumed no such services
Yahoo Only catalog found at PDA version and we assumed no list
structure
AltaVista Only found a testing version for WAP but it did not open to

public when we were doing this analysis

MSN Only provide catalog at PDA version and we assumed no list
structure
Lycos Can’t found PDA version and we assumed no such services
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Figure 4.3.3.4 List access structure

The PDA version of Google access structure (Figure 4.3.3.4) comes with
titles (headings) and abstracts that were identified, in Chapter 3, as
necessary features for list access structures because such features fulfill
both user preference and requirements (Table 3.3.2.1). The Google access

structure also comes with other features which fulfill users’ practical
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requirements, namely, “Keywords are bolded”, “Using text-based links™,
“Black and" white in color of background and fonls” a-l.]d “Prow-'idecl total
number of search results”. However. there are no features at the Google
access structure for “Jumping back to higher level” and “Go to the next or
previous page” while such features were important according to the
findings reported in Chapter 3. Therefore, such features were added and the

final access structure was used for comparing with our hierarchical access

stnucture.

As for our hierarchical access structure (Figure 4.3.3.5), the design comes
with ail the necesséry features found in both the user preference survey and
the Contejxtuai Inguiry (refer to sectior; 3.4 and Table 3.3.2.1), and some of
the important features found in Contextual Inquiry (Table 3.3.2.1). Those
necessary features are “Provide facility for jumping back to higher level
(backward and forward functions)”, “Provide facility for jumping in
between different catalogs (functions for directly jumping in between
different status, e.g. page number list <1,2,3,4,5>)", “Articles were
classified into different catalogs (categorize information)” and “List of

titles together with abstract in each of the catalog (abstract and heading for
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browsing search result)”. Those important features are “Always fit
mnformation on a single screen {i.e. avoid scrolling)” , “Grouping on
function keys” , “Black and white background and fonts” , “Page
break/split long pages for avoiding scrolling” | “Sorting items in afphabetic
order” and “Show total number of search result or available document or
pages”. Therefore, our hierarchical access structure can be treated as
fulfilling findings in Chapter 3 .in general. In the following section, our
hierarchical access structure is compared with the modified list access
structure from Google’s PDA version in order to demonstraté: the feasibility

of our hierarchical access on supporting mobile information access.
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Figure 4.3.3.5 Hierarchical access structure
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4.3.4 Experimental Context

Subjects:

Four experienced PDA users (Appendix A.1 - Subject 28 - 31) were invited
to evaluate the performance of hierarchical access structure and the hst

structure as a baseline.

Equipment:

A Toshiba Pocket PC (e740) came with Intemet Explorer (Browser) was
connected to the server which allows subjects to do searching using two

given access structures (List and Hierarchical).

Tasks:

Fifty queries (TREC—6 query 301 to 350) were sorted according to their
precision of top 100 search results collected from IRE. Each subject was

assigned with twenty-five queries for accessing with the list structure and -



twenty-five queries for accessing with hierarchical structure {Table 4.3.4.1).
As queries were ranked based on their precision and they were assigned (o
the list and hierarchical structures alternately, there were similar number of

good queries and poor queries for accessing with list and hierarchical

struciure.

Table 4.3.4.1 Tasks Assignment Based on Query Performance

Query IRE
ID Precision Subject 1 and 4 Subject 2 and 3
30 0.8 Access via hierarchical structure  Access via list structure
324 0.74 Access via list structure Access via hierarchical structure
343 0.49 Access via hierarchical structure  Access via list structure
337 0.41 Access via list structure Access via hierarchical structure
311 0.4 Access via hierarchical structure  Access via list structure
333 0.4 Access via list structure Access via hicrarchical structure
302 0.38 Access via hierarchical structure  Access via list structure
333 (.38 Access via list structure Access via hierarchical structure
313 0.37 Access via hierarchical structure  Access via list structure
341 0.35 Access via list structure Access via hierarchical structure
332 0.35 Access via hierarchical structure  Access via list structure
306 0.34 Access via list structure Access via hierarchical structure
321 0.33 Access via h@erarchical structure  Access via list structure
326 0.33 Access via hist structure Access via hierarchical structure
331 0.29 Access via hierarchical structure  Access via list structure
349 0.27 Access via list structure Access via hierarchical structure
304 0.27 Access via hierarchical structure  Access via hist structure
323 0.27 Access via list structure Access via hierarchical structure
319 0.26 Access via hierarchical structure  Access via list structure
307 0.22 Access via list structure . Access via hierarchical structure
316 0.22 Access via hierarchical structure  Access via list structure
329 0.16 Access via list structure Access via hierarchical structure
330 0.14 Access via hierarchical structure  Access via list structure
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318

348

309

0.14 Access via list structure
0.14 Access via hierarchical structure
0.13 Access via list structure
OI | Access via hierarchical structure
0.1 Access via list structure
0.1 Access via hierarchical structure
0.1 Access via list structure
0.1 Access via hierarchical’structure
0.09 Access via list structure
0.09 Access via hierarchical structure
0.08 Access via list structure
0.07 Access via hierarchical strucnire
0.07 Access via list structure
0.07 Access via hierarchical structure
0.06 Access via list structure
0.06 Access via hierarchical structure
0.06 Access via list structure
0.03 Access via hierarchical structure
0.05 Access via list structure
0.05 Access via hierarchical structure
0.05 Access via list structure
0.05 Access via hierarchical structure
0.04 Access via list structure
0.04 Access via hierarchical structure
0.04 Access via list structure
0.02 Access via hierarchical structure

0.01 Access via list structure

Access via hierarchical structure
Access via list structure
Access via hierarchical structure
Access via list structure
Access via hierarchical structure
Access via hist structure
Access via hierarchical structure
Access via list structure
Access via hierarchical structure
Access via list structure
Access via hierarchical structure
Access via list structure
Access via hierarchical structure
Access via list structure
Access via hierarchical structure
Access via list structure
Access via hierarchical structure
Access via list structure

Access via hierarchical structure

‘Access via list structure

Access via hierarchical structure
Access via list structure
Access via hierarchical structure
Access via list structure |
Access via hierarchical structure
Access via list structure

Access via hierarchical structure



4.3.5 Experimental Procedure

List Access Structure:

I. A subject was allowed to go into details of the query and requested to
make sure that s/he understood his/her tasks (Figure 4.3.5.1)

2. List (Figure 4.3.5.2) access structure was shown in order to display

titles and abstracts of the documents.

3. Each of the titles was evaluated (relevant/irreievar_n) by the subject
sequentially (Figure 4.3.5.2). The subject was allowed to go into
details (Figure 4.3.5.4) of the document if s/he required more

information for judgment.

Hierarchical Access Structure:

i, Asubject was allowed to go into details of the query and requested to
make sure that s/he understood his/her tasks (Figure 4.3.5.1}
2. Hierarchical (Figure 4.3.5.3) access structure, which was generated by

Procedure 4.3.2.1, was shown.
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Each of the concepts was evaluated, according to Table 4.3.2.1 and
irrelevant documents were eliminated according to subject’s judgment
of the concepts (refer to Table 4.3.2.2 and Process 4.3.2.1)

Subjects visited the list of titles (Figure 4.3.5.2) of .the remaining
documents when s/he believed that the remaining set of documents
should better to be judgediby using the title list (Figure 4.3.5.2) and
even by the details of the content (Figure 4.3.5.4) or there were no

concepts-available at the visited layer of the hierarchy (Figure 4.3.5.5).
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Figure 4.3.5.5 No concept at the requested layer can be found

4.4 Result and Discussion

We further explored various issues on the feasibility of using hierarchical

access structure for mobile searching.
4.4.1 Access Time

The first issue explored was the timing issue. According to Contextual
Inquiry in Chapter 3 {AD — 1.1.1.2.2], fast accessing to information using

mobile devices was one of the important issues that was raised by mobile

Users.

Thus, a faster accessing speed to information can directly save users’
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treasurable time, while they were on the road or out of the office. A faster
- accessing speed Lo information can also help mobilc)users to save expenses
on mobite communication. This is because mobile operators usually charge
their clients based on the usage time of mobile services. A faster accessing
speed can reduce the time of communication, which, in tum, saves the cost

of communication. Therefore, we explore the feasibility of hierarchical

access for supporting mobile search with referring to the timing issues.

How much time does a mobile user need for reaching a document?
Reaching means to read any portion of the document, such as a document’s
title, body, or any concepts from the document where the users can have a
perception on the document. [t was assumed that accessing information
using concept hierarchy was faster than using list. It was because concept
hierarchy organized information into hierarchical structure where subjects
browsed the general idea of a group of documents or child concepts via a
single parent concept quickly. Howe.ver, subjects have to browse titles of
each of the document sequentially via lists. The analysis was carried out by
calculating the average time used for reaching a single document (Figure

4.4.1.1) and the details of calculation are as follows:
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Let:

i, AvgAccessTime-N be the average ime lor accessing se-arch result of
query N among the subjects

2. AvgReachedDoc-N be the average number of documents reached in the

search result of query N among the subjects

LW

TimePerDoc-N be AvgAccessTime-N / AvgReachedDoc-N
4. So, the average time for reaching a document is the average value of

TimePerDoc-N across query 301 to 350 (1.e. N =301 to 350)

According to the average time for reaching a document, 1t was found that
subjects required much more time for reaching a document by using a list
structure (the average time for reaching a document = 20.84
seconds/document) than via hierarchical access structure ( the average time
for reaching a document = 8.24 seconds/document). As a result,
hierarchical access structure can be roughly considered as a possible access
structure that can allow mobile users to reach to documents quickly using
mobile devices. The faster accessing speed of hierarchical access structure
in comparison with the slower accessing speed of list access structure 1s

because each of the concepts at the concept hierarchy is relating to one or
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usually more than one document. As a resuit, a number of documents can
be considered as reached when a concept is reached. As for list access
structure, only one document can be reached for each of the titles in the list.
Thus, the hierarchical access structure provides a summary on the underling
document set where users can reach certain concepts from a number of

documents by browsing only a small amount of information and use a small

peniod of time.

However, hierarchical access structure cannot be considered as feasible for
mobile information access based on timing factors if the faster accessing
speed to documents resulted in inefficiency of useful document retrieval
(i.e. those user desired documents / related documents). It 1s possible for
the above problem because conceptual terms provided by hierarchical
access structure may not be able to provide information as nch as those
provided by titles and abstracts in the list structures. As a result, mobile
users may not be able to select as many desired /- related documents via our
hierarchical access structure even they can be faster in reaching certain
concepts of the documents. As a result, we further explored the feasibility

of hierarchical access by analysing the efficiency of finding the desired /



refated documents based on timing factor and the details of calculation are

as follows:’ : -

Let:

i~

(5]

wn

AvgAccessTime-N be the average time for accessing to search result of
query N among the subjects

AvgDesiredDoc-N be the average number of desired documents found
in the search result ofqu.ery N among the subjects

AvgRelatedDoc-N be the average number of related documents found
i the search result of query N among the subjects
TimePerDesiredDoc-N be AvgAccessTime-N / AvgDesiredDoc-N
TimePerRelatedDoc-N be AngccessTime-N. / AvgRelatedDoc-N

So, time required for finding a desired document is the average value of
TimePerDesiredDoc-N across query 301 to 350 (i.e. N =301 to 350)
and, time required for finding a refated document 1s the average value

of TimePerRelatedDoc-N across query 301 to 350 (i.e. N = 301 to 350)

Generally, the time required for finding a related document via hierarchical

access structure {22588 seconds /document) was shorter than that of list



structure on average (272.47 seconds /document). The same situation was
found at finding the desired documents where-the time via hierarchical
access was 126.46 seconds per document and via list was 144.20 seconds
per document. The encouraging results suggest that hierarchical access
structure is feasible for helping mobile users to identify desired or related

documents quickly, which, in turn, saves the cost of communication.
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Figure 4.4.1.1: Average ime to reaching a document

4.4.2 Efficiency of Data Usage

The second issue explored was efficiency of data usage. It is well-known
that the cost to transfer a unit of data via wireless network 1s more
expensive than one via wired network. The inefficiency on data usage not
only wasles mobile network resources and increases network loading but

also increases the cost of communication of mobile users. If the amount of



data transfer can be decreased, then _the cost of communication for mobile
scarching can also be decreased and searching via mobile devices will be -
much efficient. Qur analysis was carried out by anatysing the average
amount of data used for reaching a document (Figure 4.4.2.1). It was found
that subjects, by averaging all the queries, required downloading much
more data from the server for reaching a document with a list access
structure  (1.49KB/document) than a lhierarchical access structure
(0.48KB/Documen{.). As hierarchical access is a possible way that ailows
mobile users to reach documents with a small amount of data transfer, it
would possibly be one of the proofs that illustrates the feasibility of using
hierarchical access structure for mobile information access. .In this way, we
further explored the efficiency of finding desired / related documents in
terms of data transfer. [t was found that users need less data for finding a
desired /related document via our hierarchical access structure (data for
finding a desired document = 7.35KB/document, data for finding a rrelated
document = 13. 14KB/’documen't), in comparison with list structure (data for
finding a desired document = 10.29KB/document, data for finding a related
document = 19.45KB/document). Theréfore, we conclude that our

hierarchical access structure is feasibie to be used for mobile information
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access with regarding the efficiency of data usage because 1t allows
documents 10 be accessed with a small amount of data and at the same tme

provides an effective way for mobile users to find the desired or related

documents using mobile devices.
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Figure 4.42.1 Average amount of data consumed for evaluating one

document

4.4.3 Performance of Scarclhing Documents in Search Result

We measured the search performance based on the following dimensions:

Firstly, we explored and compared performance on the remaining document
set (non-removed documents afier accessing to the hierarchy) and the
document set presented at the list structure (i.e. the search resulls from

search engine) based on recall (Figure 4.4.3.1). precision (Figure 4.4.3.2}



and Fl-measure (Figure 4.4.3.3). It was found that the average precision
(20.04%), ol the rémnining document hst from the luerarchical access-
structure was relatively higher than that of list (average precisi()‘n =
20.28%). This suggests that it is possible to have a better resulting list of
search results via the elimination of undesirable documents using concept
hierarchy. However, the average recall (34:90%) and average F1-measure
(19.14%) of hierarchical access 1s \\'(;rse than that of list (average recall =

39.50% and Fl-mcasure = 19.77%).
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Figure 4.4.3.1 Performance on search result (list) from IRE and remaining

document of hierarchical access (recall)
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Figure 4.4.3.2 Performance on search result (list) from IRE and remaining

document of hierarchical access (precision)
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Figure 4.4.3.3 Performance on search result (list) from IRE and remaining
document of hierarchical access (Ft-measure)

However, such resulting list of documents is just the available document set
that mobile users can access for finding relevant / desired documents, and it
was possible that mobile users may not be able 10 access the whole hist.

Therefore, we [urther explored the performance of cur hierarchical access



structure on the attended document set (1.e. the set of documents which the
user had \"is'i.ted to the title or content of documents) 1 order o iméstigu{c
the performance on the extent that mobile users will actually attend. It was
lfound that even though the average precision on the attended document set
of hicrarchical structure (32.30%) was slightly higher than that of list
(30.31%) (Figure 4.4.3 4), the average recall (22.94%) and the F1-measure
(26.83%) of the attended document set of hierarchical structure were lower
than that (;flist structure {Recall = 28.63%, Fl-measure = 29.45%) (Figure
4.4.3.3, Figure 4.4.3.6). The lower average recall was probably due to the
smaller attended document set of hierarchical structure (34.23 documents in
average) than that of list structure (43.80 documents in average). So, fewer
related documents found using hierarchical access structure. The fewer
attended documents of hierarchical structure might be due to the reason that
the users had access to the concept hierarchy before the remaining
document set while users can directly access the document set of list when
they were starting to search for information. Given the similar base time for
searchinig in both access structures, the time for accessing the remaining
document set of hierarchical structure was less than 1I.*|at of list and possibly

results in fewer attended document in the remaining document set than that



of the document at list,
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Lastly, we explored the feasibility of our hierarchical access structure and
the compared list access structure on helping users to judge thg relevance of
documents and finding the desired documents. As for the first exploration
issue, we assumed that answers of TREC-6 queries were the only correct
answers and subjects worked as information finder to find out the right (i.e.
relevant) documents in the top 100 retrieved documents. Accordingly,
accuracy is the percentage of the comrectly matched ones (the judgment
from subjects on the relevan-ce / irrelevance of a document was the same as
TREC) in the given document set. It was found that the accuracy of list and
hierarchical structure was fairly close (Figure 4.4.3.7). We a\-:eraged the
accuracy of 50 queries and found that the accuracy of hierarchical access

structure (72.01%) was slightly better than list access structure (71.39%).



However, the measurement could probably be affected by human error (i.c.
the s'ubjecis'). As for the second issue, the documents. which user judged as
relevant, were Acohsidered as user’s desired docwments for answering a
query. Accordingly, the likelihood of ﬁﬁding a desired document 15 the
percentage of the selected relevant documents n the given altended
document set. We averaged the likelihood to find a desired document of the
50 queries and found that it was easier to find a desired document using

hierarchical access structure (20.49%) than list access structure (15.27%)

(Figure 4.4.3.8).

With comparison to list access structure, although our hierarchical access
structure provides slightly better resulting list of document (i.e. higher
precision in attended documents), a higher likelihood to find a desired
document, a similar consistency in judging the relevance of documents by
our users and the TREC evaluators, it provides poorer overall performance
of finding relevant documents in the attended document set (i.e. recall and
Fl-measure). Therefore, we can just conclude that the hierarchical access

structure performs fairly well as the list access structure based on the above

performance measurements.
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4.4.4. Analysis of Post Experimental Questionnaire

In the post experimental analysis, we firstly explored the subjects’
judgments on the performance of our hierarchical access structure and the

-

list access structure based on their perception {Table: 4.4.4.1).

Table 4.4.4.1 Answers Collected from Questionnaire

Averaged values
across subjects
{1-10,1 for
worst and 10 for
- best)
S R
Questions List
The degree of acceptability of using this structure to search o
_ E ) . ) 5.50 1.25
information using mobile device
The degree of effectiveness of using this structure to search i o
_ _ _ _ . 4.75 5.75
information using mobile device
The degree on “how casy™ by using this structure to search L
_ ) _ . _ 5.50 7.00
information using mobile device
The degree on “how easy” to select information on the screen 575 6.25
The degree on providing a summarisation of information on ALL _ _
_ ) _ 6.25 5.50
of the documents. (i.e. summarise all the 100 given documents)
Help to idenufy required information (i.e. select relevant document o
4.75 5.50
from the 100 documents)
Help to get a general idea of / better understanding on the main . )
: 5.50 4.75
topic of the 100 documents
Help to predict whether you need 1o browse the derails (the body) o
3.50 6.00
of the document.
Overall values (average across ali of the questions) 3 44 6.00

Yad
L¥ES



It was found that our hierarchical access structure performed better than list
structure in'Sul.mnnrisingdocuments and belping subjects to get the gc116|'al!
ideas / understanding on the main lopics ot‘the_ documents. However, there
was a poor judgment on the hierarchical access structure at- the other
questions and a poorer overall value on the hierarchical access structure
{5.44) than the list access structure (6.00). We enquired the subjects about
the reasons of the poor judgment. All the four subjects reported that the
concept hierarchy was not élosely related to the queries although it provides
a relatively good summary of the document of search results. Therefore,
subjects think that the acceptability and efficiency of the hierarchical access
structure is poorer than list. The problem may probably be because the
precision of search results {rom [RE was at about 20.28% on average. As
the concept hierarchy was constructed from concepts of documents of the
search results, the concept hierarchy contains 79.72% of irrelevant material.
As a result, the concept hierarchy may appear to be unrelated to the queries.
Moreover, the familiarization score (i.e. | — 10: 1 for most unfamiliar and
10 for most familiar) of hierarghical access structures / interfaces (5.75 in
average) was much fower than that of list (9 in average). This is possible

because the list access structure 1s basically similar to the access structure



of Gooyle's PDA version and thus, list access has commonly been used for
aécessing t6 search results in daily life. The subjects were already Fanuliar
with such type of information access structure. However, subjects dre not
famijiar with our hierarchical access structure. Therefore, the.subjects may

find it more difficult to use our hierarchical access structure than hst.

Secondly, we explored the subjects’ preference on features and interface of
both types of the access structures. The subjects evaluated both access
structures in a similar way as the survey in Chapter 3. It was found that
both average preference of features and overall interface of list access
structure (preference on feature = 7.13, interface = 8) were higher than
those of hierarchical access structure (preference on feature = 6.89,
interface = 5.50). This further confinms our findings in Chapter 3 that the
preferred user interface features would be a possible factor governing a
preferred user interface. 'Thg better preference value of list access structure
indicates that there was no bias toward hierarchical access structure, as

users welcome much more the list access structure than the hierarchical

access structure.



Finally, we investigated the importance of the time-related issue (e.g. speed
O DCCessing information), communication cost issue and information
relevance issue by asking the sibjects 1o assign an importance score (1-10:
1 for less important, 10 for very important). This was . because -the
measurements of performance in this chapter were mainty based on the
above three issues. It was found that the importance of such issues were ali
at a high level (Timing issue: 8, Communication cost issue: 7.75 and
relevance of -information issue: 8.3). Therefore, we can regard that the

choice of measurements in this chapter was suitable.

4.5 Summary

In this chapter, the feasibility of automatically constructing concept
hierarchy and the performance of the concept hierarchy as a hierarchical

access structure to support the access of search results using mobile devices

were explored.

We explored four possible types of concept hierarchies and it was found

that the subsumption hierarchy was the most valuable candidate for



supporting mobilc search using hierarchical access structure. In our ptlot -
stuely, litle terms were found (o be more topical than content terms in
representing the topics of a document. Accordingly, all the title terms (stop
words excluded) were considered as candidaic concepts ol concepl

herarchy.

With the analysis of experimental results of the information access
performance, iAt was found that the hierarchical access structure supports
faster information access using mobile devices and consumes less data
transfer compared with the corresponding list structure. Clearly, for
accessing, evaluating documents and.finding desired documents, using the

hierarchical access structure is a [aster and more economical way than list

structure.

[t was also found that more documents could be reached using the
hierarchical structure than the list structure with using the similar amount of
time. The results suggest that subjects are able to evaluate more documents
using the hierarchical structure than the hist structure, which, in turn, the

subjects are able to reach more search results using the hierarchical



structure than the list structure when they are performing mobile search.

With comparison to hist access structure, although our hierarchical access
structure provides slightly better resulting list of document (i.e. higher
precision in attended docume:ils), a higher ltkelihood to find a desired
document and a similar consistency in judging the relevance of documents
by our users and the TREC evaluators, it provides poorer overall
perfon.mance of finding relevant documents in the attended document set
(i.e. recall and Fl-measure). Therefore, we can just conclude that the
hierarchical access siructure performs fairly well as the list access structure

based on the performance measurements of searching documents in search

results.
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Chapter 5

Summary and Conclusion

in this thesis, the issue ol supporting mobile searching was addressed
through a series of experiments. We reviewed and summarised.related ;vork,
proposed solutions and current avaitable systems on mobile searching. It is
believed that our proposed “hierarchical access structure’ could be one of
the valuablg solutions supporiing mobile searching. Experiments and .
survey were performed to explore issues of user pre.ference, practical
requirementé and information accessing performance. In this chapter, we

summarise and conclude our proposition “supporting mobile search with

hierarchical access structure”, based on the findings and the work n this

research.

5.1 Summary of Finding and Conclusion

The objective of this research is to explore the feasibility of applying
hierarchical access structure for supporting mobile information access
based on:

1. User preference
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2. User requirements

3. Information accessing performance

In Chapter 3, the user preference of user interface features and access
structures has been addressed. A survey was conducted in order to explore
various user preferences of user interfaces and access structures as well as

to examine certain assumptions of the access structure and user interface of

mobile search systems.

It was found that most of the common existing using interfaces (e.g. list)
are not preferred by the users. Instead, the users prefer using those
hierarchical information access structures for browsing with mobile devices,

which, in turn, suggests the need and the use of our proposed hierarchical

access structure.

We further analysed practical requirements and behaviors on access
structure of mobile searching systems in Chapter 3. [t was found that
hierarchical access structure is preferred by users and it also fulfills the

practical requirements.

140



It was also found that herarchical access structure based on analysing user
behaviors could simply contain hierarchically organized catalogs. functions
for navigating in between different catalogs, title list of items contained in

the catalog and related content.

Although hierarchical access 1s prefén‘ed by users and practically required,
il 1S not comm?nly deployed. One of the reasons is probably that
hierarchical structure 1s ﬁnaﬁciaily costly because they are constructed
manually for the mobile content providers, similar to the hierarchies of
‘ahoo! and Open Directory. Therefore, we further explored the feasibility
of automatically constructing concept hierarchy and the information access

performance using the concept hierarchy to access to search results using

mobtle devices.

in our pilot study, title terms were found to be more topical than content
terms in representing the topic of a document. Consequently, all the title
terms (stop words excluded) were considered as candidate concepts for

constructing concept hierarchy autoinatically.
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With the analysis of experimental results of the information access
perfoi‘mancb, 1L was found thal hierarchical access structure supports faster
access to information using.a mobile device and consumes less data for
browsing the same amount of conceptual information compared with list
structure. [t was also found that more documents could be reached using
hierarchical structure than using list structure for similar amount of time.
The results suggest that subjects were able to evaluate more documents
usingr hierarchical structure than using list structure, which, in turn, subjects
were able to reach more search results using hierarchicat structure than
using st structure when they were performing mobile search. Clearly,
accessing and evalualing a document using hierarchicgl access structure 1s a

fast and economic way in terms of timing and data usage 1ssues.

With comparison to list access structure, although our hierarchical access
structure provides slightly better resulting list of document (i.e. higher
precision in attended documents), a higher likelihood to find a desired
document and a similar consistency in judging the relevance of documents
by our users and the TREC evaluators, it provides poorer overall

performance of finding relevant documents in the attended document set



(i.e. recall and Fl-measure). Therefore, we can just conclude that the
hierarchical access structure performs fandy well as the list access structure

based on the performance measurements of searching documents in search

results.
5.2 Contribution

The following swmmarises the major contributions of thus research:

A. We explored the following issues in supporting mobile search:

—

. user preference issues;

o

. user requirement and searching behavior issues;
3‘. information access performance issues of searching relevant or
desired documents in retrieved documents.
B. We discovered a methodology for constructing concept hierarchy in
order to support mobile search.
C. We experimentally validated that our hierarchical access structure 15 a
valuable and user preferred structure in supporting mobile searchiné.

D. Our results could be a valuable reference to other research in supporting

mobile searching.
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Suggested Future Work -

The followings are suggested future work ol this research:

I

o

The documents, which were used in .the experiment mentioned in
Chapter 4, come with author and/or editor suggested lopical terms.
However, not a‘ll of documents have author/editor suggested topical
terms. Therefore, we suggest other researchers to gain some insight into '
topical term mining if they want to address the issue of accessing the
documents that does not have suggested topical terms.

When we were working for the survey in Chapter 3, there were only
seventy-seven user interface samples from mobile content providers.
Therefore, the threshold (i.e. the number of samples in the highly
preferred group as mentioned in Chapter 3) for identifying the
important feature sets was 3. In the future, other researchers may find
more samples for the survey (if any) and use a higher threshold for
better reliability in identifying the important feature sets.

We believe that the quality of subsumption hierarchies can still be

improved, such as 100% ideal parent-child relationships (i.e. child

P44



concept is a type of parent concept and/or child concept is an aspect of
parent concept). Therefore, we suggest other researchers to turther

investigate the algorithm for constructing conceplt hierarchy.
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Appendix:

A. Subjec_ts-

A. 1 Subject Prolile
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Al Subject 1D

A2. Gender {M: Male, F: Female)

A3, Age -

A4, Education (P: Postgraduate, U: Undergraduate)

A3. Experience on searching (1- 4: 1 —4 Years respectively, 5: 5 or more
than 3 Years)

AG. Experience on PDA (1: Not at all, 2: Fairly, 3: Extremely)

A7. Experience on browsing with PDA (1. Not at all, 2. Fairly, 3

Extremely) _

A8. Experience on reading with PC (1: Not at all, 2: Fairly, 3: Extremely)

A9. Experience on reading with mobile device (1: Not at all, 2: Fairly, 3:
Extremely) , )

A10.Experience on searching with mobile device (1: Not at all, 2: Fairly, 3:

Extremely)

All.Preference on graphic (1: Not at all, 2: Fairly, 3: Extremely)

A12.Preference on access information using mobile device (1: Not atall, 2:
Fairly, 3: Extremely)

Al13.Preference on searching information with catalog (1:Not at all,2:
Fairly, 3: Extremely)

Al4 Preference on secarching information with list (1: Not at all, 2: Fairly, 3:
Extremely)

Al5.Comfortable with experimental tool (1: Extremely Difficult, 2
Difficult, 3: Fairly, 4: Easy, 5: Extremely Easy)

A16.Training with human computer interaction (Y: Yes, N: No)
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A.2. Age of Distribution of Subjects and Choice of Subjects

Acc'ording o a survey [6] in Tokyo and SL'H'I'OUndng areas on 106th February,
2001 - 20th Feb'rL'iary, 2001 on males and females between the ages of 12 1o
69 (excluding elementary school students) regarding usage of mobile phone,
we believe that the age group, which our subjects belong to, is I'E:présenting

the targeted mobile information seekers of this research.

Firstly, it was found thal people aged between 20-34 represent the largest
proportion of mobile owners for both males and females (Figure A.2.1).
The age group also represents the largest proportion of browser phone

(Intermet enabled phone} users.

Ll 205 R 60%a RN L

P Aale ) iMale s Femule
~N- ‘35493, 5064y

Tutal

Mabils Phone (heners

Browser Phone Lisers

Mon-Brawser Phone Users

PIS users

Non Mobiie Phone Owners

Figure A.2.1: Mobile phone owners by agé group [6]
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Secondly, it was found that the frequency of [nternet access of this group of
people was much higher than other age groups (Figure A.2.2).

(121 M it o i [RU{EEN
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{1-4 e wee K nsees)

F =
TRATE] . PR L]

SR -users :E“: “‘jls; ~’:ff§
Browser non-usoes R g{.ﬂ, .

{Almast never uever)

Frequent usage tier

Figure A.2.2: Frequency of Intemet access by age group [6]

Thirdly, it was found that they spent more on mobile phone service than the

others (Figure A.2.3).
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Figure A.2.3: Monthly spending on mobile phone service by age group [0]

[n this research, we believe that the target for analysis should be the group

which devotees of wireless Internet information seeking and willing to find
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Internet information with their mobile devices frequently. According to the
mentioned survey in Tokvo and surrounding areas. we know that people in
the age group of 30-34 are the most possible target for our research.
Therefore, we believe that the age group of our subjects (age from 20-20)

(Figure A.2.4) is suitable for our analysis.

Age Distribution of Subjects
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Number ol Subject
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Figure A.2.4: Age distribution of subjects



B. General Experimental Information

Information of the collected results

Number of coitent providers evatuated 16 -
Nunber of content providers selected 70
Number of users involved 27

Average users per content provider

20313139

Average evaluation nme of each content

provider al each evaluation ou it

2 minutes:24 seconds

Average navigation ime of each content

provider at each evolution on it

| minute: 11 seconds

Percentage of navigation to evaluation-time

About 30%
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C. Definitions and Selection of Minimum Requirement of

Support

C.1

Definitions

Definition

Remark

Hybrid user interface

Those user interfaces not fulfill required

support and confidence requirements.

Offline Those content providers allow users to
download information from server to mobile
device and  search /  browse - when
disconn;cled from Internet.

Online

Those content providers can only allow users
o search or browse information with

Internet connection.

Support of add / drop feature

associated with a content provider

Number of users who evaluated the content
provider over total number of users
(including those without evaluating the

content provider).

Confidence of add/drop feature

associated with a content provider

Number of users who evaluated the content
provider and wanted to add / drop the feature
to/lrom the content provider over number of

users who evaluated the content provider.

Support of identifying nature (list
/ directory) of a given user

interface of a conient provider

Number of users who evaluated the content
provider over total number of users
(including those without evaluating the

content provider).

Confidence of identifying nature
(list/ directory) of a given user

interface of a content provider

Number of users who evaluated the content
provider and agreed that the user interface is
a listdirectory over number of users who

evaluated the content provider.
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C.2 Selection on Minimum Requirement of Support

1

As for our case, the imporiance of support and size of samples are
equivalent. Also, we want to raisc the minimum support requirements (1),
meanwhile, we want to make the available sample ratio (J — the ratio of
sample that can fulfill the minimum support requirement) as large as
possible. With the increasing in [, the number of samples that can fulfull the.
requirements is decreasin_;g (i.e. decrease in J). Normally, if an increase in [
results in an equivalent decrease in J, then the sum (i.e. [ +J = P) must be
consistent for all the pairs of I and J. Thus, P can be known the total benefit
that we can get from the given pairs of I and J. However, it was found that
P is not a constant value across all the pairs of I and J. This is because a
great increase in I may only cause a small decrease / no change in J and
vice versa. Therefore, it is possibie that there are some of the [ and J pzﬁrs
which form a higher P than other I, J pairs. If we analyse the collected data
set based on thé I, J values which donate the highest P value, we can get the
greatest benefit from the collected data. In order to explore the possible
highest P value, an analysis was carried out by grouping sampies according
to the number of users who evaluated the samples. According to Figure

C.2.1 and Figure C.2.2, it was found that we can get the greatest benefit



from the collected data if we set the minimum support requirement (1) as

70%.
i Minhinin Support_ Reguirement Analysis (Onbine Samples)
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Figure C.2.1: Minimum support requirement analysts (online samples)
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Figure C.2.2: Minimum support requirement analysis (offline samples)
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D. Contextual Design

in short, the core ;)relﬁise of Contextual Inquiry is very simple: go where
the customer works, observe the customer as he or she works, and talk to
the customer about the work. Do that, while ’can’t help but gain a better -
understanding of the customer. In Contextual Design, it 15 always try (o
buitd on natural human ways of interacting. It 1s eésier to act, not out of
long list of rules, but out of a simple, familiar model! of relationship. Just
like marketing needs to understand what people will buy and how people
make buying decisions; designers need to understand what will help people
do their work beiter while fitting into their lives and matchAing their culture.
Contextual Inquiry addresses the first issue of Contextual Design,

understanding user requirements, by putting users into their real working

situation and collecting data from users’ working experiences.

It was found that peoplg with no special background in ethnography learn
how to conduct effective interviews much more quickly by acting like an
apprentice than by memorizing a list of effective interviewing techniques. 1t
is as simply as a master craftsman teaéhes while QOing. Therefore, a typical

Contextual Inquiry interview lasts two or three hours. The designer meets
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the customer at his or her place of work and, after a brief introduciion,
watches the customer do work of the sort the designer is interested in. From
time to time, the designer interrupts, and inquires details about the
customer’s work. With 10 to 20 interviews like this, with people who
perform widely different roles and work in very different ways; it is usually
sufficient to define an area of work, such as mobi'le searching, because

people only come up with a few different ways of approaching a task.

While it is necessary to realize that customers do not think about how they
are working, but they can talk about their work as it unfolds. They do not
have to develop a way to present it or figure out what their motives are. All
they have to do is to explain what they are doing. They are not aware of
everything they do or why they do it, they become aware in the doing.
Every action they take and every object around them helps them talk about
the details of their work. By staying in the context enables us to gather
ongoing experience rather than summary experience, and concrete data
rather than abstract data. Practically, human love to abstract. If designers
start from abstractions, not real experience, and then abstract again to go

across all customers, there is little chance the system will actually be useful
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lo real people. Thus, the principle of context tells us to go to the customer’s

workplace and see the work as it unfolds. This is the first and- most basic

requirement of Contextual Inquury.

When we perform a study on Contextual Inquiry, we may ask the following

questions in order to see the whole work context and identify opportunities

and potential problems.

What is the work we expect to support?

How does this work fit into the customers’ whole work life?
What are the key work tasks?

Who is involved in making the work happen?

Who are the informal helpers?

Who provides the information needed to do the jdb, and who uses the

results?
Where does the work happen physically?

What is the cultural and social context in which the work happens?

We can use the above questions to constrain the interview situation that we
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can set up and guide us in think-ing about how our searching system fils into
uses’ \\-'orkihg environment. We can also use them to ide!uif_v what kind of
people we want to intervigw, what tasks we want to see performed, and
what we want to watch for while are there. However, the above questions
are just a focus but not a checklist. For example, if we are gomng to study
online search and retrieval with mobile device, we can study how people
search for information with such devices while they are away from the
office or traveling on the road. This will help us undersiand the basic

structure of finding, independent of technology and content.

In general, we have to interview two to three people in each role that 15
identified as important to the focus. We need 10 to 20 people in all our
focus while six to ten interviews s sufficient if there is only a single role or
we are only studying parts of the system (e.g. user interface) instead of
overall work process. For example, financial institutions, high tech, and
retail may be different market segments, but office work is done very
similarly .in any modern corpor;ition. These different types of companies
will riot give us substantially different perspectives. In fact, office work is

so similar that it is actually hard to get different perspectives. For example,



many different types of company are using the same package of Microsoft

Office.

Therefore, we need for choosing our subjects is focusing on those from the
key areas our éyslem are most likely to be used. On the other hand, we
should not get too far ahead in lining up the visits. Therefore, we have to
make sure that we talk to the people we will interview individually in

advance and that they understand what will happen [68].
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E. Samples of Searching Tasks

Scarching Tasks of Section 1

In Reuters, to find some news or information about sports and tell us the result

In HK Standard, to find some news or information about China and tell us the result

[n Yahoo, to find some news or information about movie and tell us the result -

In Reuters. to find some Top News and tel} us the result

In HK Standard, to find some news or information about Hong Kong and tell us the result

In Yahoo, to find some news or information about university and tell us the result

In Reuters, to find some news or information about entertainment and tell us the result

in Yahoo, to find some information about travel and tell us the result

[n Yahoo, to find some information about games and tell us the resuit

In Yahoo, to find some information about music and tell us the result

[n Yahoo, to find some information about Tokyo's weather and tell us the result

in Yahoo, to find some item that you want to buy and tell us the result

Searching Tasks of Section I1

To search some information about PDA and tel] us the result

To search some information about on-line game and tell us the result

To search some news or information about well-known brand clothes and tell us the result

To search some information about perfume and tell us the result

To search some information about digital video or camera and tell us the result

To search some news or information about USA government department and tell us the

result

Searching Tasks of Section I

Two teenage girls were shot dead and two others wounded during a party at a hairdressing

salon in central England.

Please find out the full story of the news in ABC news,

Existing technology used to detect diseases could also aliow parents to select their babies’

most important physical traits from eye color and hair color to brain power and even the

shape of the babies' nose.

Please find out the fidl story of the news in ABC news.
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The state met the goal set by Gov. Ronnie Musgrove to connect Mississippi's 32.354 public

classrooms to the Internet.

Please find ot the full storv of the stews in CNN news.

After the inaugural ccremo;w for the 33-kilometer Pudong track, which was presided over
by Chinese Premier Zhu Rongji and German Chancellor Gerhard Schroeder on Tuesday,
Shanghai officials indicated optimism that maglev trains would be the rage in the Greater
Shanghui and Yangtze River Delta region.

Please find our the full story of the news in CNN news”

The United States has announced it is to host a high-level meeting next week to discuss thej .
crisis over North Korea's nuclear programme,

Please find out the full story of the news in BBC new.

il prices have greeted the new year with a jump of almost' 3%, as the markets reacted to
data showing that the month-long strike in Venezuela has pushed USA reserves close to
206-vear lows.

Please find out the full story of the news in BBC new.

Searching Tasks of Seetion [V

Start from “Yahoo News”, find some Top news, Technical news, Entertainment news and

Sport news that are related to Asia.

Start from “Internet Wire”, find some Top news, Technical news, Entertainment news and

Sport news that are related to Asia.

Start from “ABC News — Use IE”, find some Top news, Technical news, Entertainment

news and Sport news that are related to Asia.

Start from “ABC News — Use Klondlike”, find some Top- news, Technical news,

Entertainment news and Sport news that are refated to Asia.

Start from “BBC”, find some Top news, Technical news, Entertainment news and Sport

news that are related to Asia.

Start from “Moreover”, find some Top news, Technical news, Entertainment news and
! p

Sport news that are related to Asia.

Srart from “7 AM”, find some Top news, Technical news, Entertainment news and Sport

news that are related to Asia.

Start from “ePrairie”, find some Top news, Technical news, Entertainment news and Sport

news that are related to Asia.

Start from BBC, find out an Israeli delegation is due to atvive in Washington to try to secure

an emergency aid package worth $12bn.
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Start from ABC, find ous California high-tech crime detective nabs 63-year-old suspecied

Internet predator.

Start from Internet Wire, find out AFM Hospitality Corposation, one of North America’s

leading hospitality companies. announced today that it has disconiinued negotiation

regarding the acquisition of Marshall Management, Inc. of Salisbury, Maryland.

Start from Moreover, {ind out Survivor Thailand — An Interview with Helen,

Start from 7 AM, find one of the world's biggest drug marks says a federal judge has

upheld one of its patents for Paxil, and anti-depressant.
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F. Affinity Diagrams

1 User issucs

B I.1.1 User friendly

1.1.1.1 Focus: Users will focus on keywords of catalog names, content,

search result, abstract and headings. Bolding or underlining

keywords and  highlight visited links can help to locate

information.

1.1.1.1.1 Focus : "Searching keywords" at catalog names, content,

search result, abstract and headings

{.1.1.1.2 Boldor underline keywords and highlight visited links

L1121

Prefer bolding wanted / important informalion for

capluring user attention .

1.1.1,1.22
E1.1.0.23
1.1.1.1.24

1.1.1.2 Performance

Prefer highlight ing visited links
Prefer highlighting on searching keyword

Prefer undedining wanted / important information

FA 121 Acceptable waiting time : Able to wait for a longer time

when sure loading content is useful and perform a

searchingtask with no more than 15 minutes

111201
1.1.1.2.1.1.1

1.1.1.2.1.2
1.1.1.2.1.2.1

1.1.1.2.1.2.2

1LILL2.L23

L1123
1.1.1.2.1.3.1

1.1.4.2.1.32

1.1.1.2.0.33

1.1.1.2.1.3.4

T ime (o perform searching task

Able o perform a searchingtask with no

more than 15 minutes

Wait when sure loading content is useful

Able to wait for 300 seconds when sure
loading content is useful
Able to wait for 60 seconds when sure
loading content is useful
Able to wait forever when sure loading

conient is uschul

Wait when not sure loading content is useful

Able to wait for 5 seconds when not sure
loading content is useful
Able to wait for 60 seconds when not sure
loading content is usefut
Able 10 wait for 10 seconds when not sure
loading content is useful
Able to wait for 20 seconds when not sure

loading content is useful
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11122

1.1.1.2.1.3.5  Able to wait for 30 seconds when not sure
loading content is useful

L1.1.2.1.3.6  Able to wait forever when not sure loading
content is uscful

Speed: Users cannot accept slow loading and accessing

spced. They prefer faster speed. It wix found that

information fitted on single screen supporting faster

accessing specd and WAP comes with faster loading speed

with less pictures and addit ional contents.

1.1.1.2.2.1  [nformation fitted on single screen supporting

{aster searching

1.1.1.22.2  Prefer quickly accessing information (loading

specd / selccu'on- speed)

1.1.1.2.23  Too slow oo loading speed when viewing desktop

content with PDA

1.1.1.2.24  WAP has less scrolling and faster accessing speed

but more clicks {i.e. next page]

1.1.1.3 Prorties: Focus area, function keys, selection tools, input

methods, summary and searching tools, layout components,

performance and navigationtools

L3I
1.1.1.3.2

L1133

1.1.1.34

t.1.1.35

Focus : Area from top left > left > right > bottom right
Physical buttons would much more comfortable and
frequently be used than scroll bars

Prefer and frequently use browser's function key > site's
function key

Frequent of use [backward and forward bufton at the
bottom of page] > [forward button at the bottom of page] >
[backward and forward buttonat the top of page]

Puli-down menu prior to catalog, title list and scroll bar

1.1.1.3.5.1  Prefer pull-down menu > catalog > title

1.1.1.3.52  Preler pull-down menu > scroll bar

1.1.1.3.6

[.1.1.3.7

1.1.1.3.8
1.1.E3.9

Prefer selection based inpul > keyword based as diffiault
for inputting at PDA

Prefer having a local catalog/menu to summarisca Web
site for iocal searching > local keyword scarch

Prefer abstract for summaris ing > pictute for summacis ing

Communication cost, display area, speed, layout pﬁor fo

picture
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1.1.1.3.91 Preference on communication ¢ost > piciure
1.1.1.319.2 Prefercnce on communication cost > dctail >
' piclurcé
1.1.1.3.93  Preference on display arca > picture
1.1 .3.9.4 Preference on speed > picture
1.1.1.3.9.5  Preference on tidy layout > picture
1.1.1.3.10 Clicks and scrolling
i.1.1.3.19.1 Vertical scrolling > horizontélscrolling
[.1.1.3.10.2 Page break with more clicks > scrolling
1.1.2 User interface design '
1.1.2.1 Layout: Preferrcd layout is a simple, clear, tidy and sharply design
with common style and static standard, in which, components are’
clearly indicated and separated to fit on single screen by using up
all the space
1.1.2.1.1 Components shouldbe clearly indicated and separated
1.1.2.1.1.1 Catalog names/items/titles/links/function  keys
should be separatal clearly
[.1.2.1.12  Should clearly indicate links/text
{.1.2.1.2 Simple, clearly, tidy and sharply design with common style
and static standard )
1.1.2.1.2.1  Prefer simple, clearly, tidy and sharply design
rather than complicated design
1.1.2.1.2.2  Prefer common style and static standard in layout
and catalog design
1.5.2.1.3 Better fitted on single screen and use up all the space
1.1.2.1.3.1  Use up all the space
1.1.2.1.3.1.1  Better use up all the space afthc screen
1.1.2.1.3.1.2  Too much space ﬁ:sulls in giveup
browsing, many scrolling, missing content
and difficelt to focate useful content
1.1.2.1.3.2  Fided on single scl:rcen
1.1.2.1.3.2.1 Information fitted on single scrcen
supports faster searching
1.1.2.1.3.2.2  Prefer information fitted on single screen
1.1,2.2 Text and background: Text, background asd links [black and
white] should be clearfy separated and coatrasted with stable size
of text and font. .

1.1.2.2.1 Prefer stable font and text size
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1.1.2.2.2 Request black and white for background and text
1.1.2.2.3 Text, background and links should be clearly scparated and
contrasted -
1.1.2.2.3.1 Background and text cotour should be coatrasted
1.1.2.2.3.2  Required contrast in text and background
1.1.2.2.3.3  Should clearly indicate links/text

Functionality issues

211

Functional componenls

2.1.1.1 Function keys: Unique and users familiarized function keys

should come with description and cleacly shown. Moreover,
function keys should be grouped together and pul with other
contents at top and bottom of long page and at the bottom of
single screen page.
2.1.1.1.1 Function keys should being shown clearly and separately
for avoiding wrong clicks
2.1.1.1.1.1 Catalog names / items / titles / links / function
keys should separate clearly
2.1.1.1.1.2  Prefer function keys to be shown clearly and
significantly for avoiding wrong clicks
2.1.1.1.2 Have familiarized function keys
2.1.1.1.2.1  Have similar function keys as {nternet browser at
desktop computer
2.1.1.1.3 Description
2.1.1.1.3.1  Prefer description of function keys
2.1.1.1.4 Unique and without duplication
2.1.1.1.4.1  Prefer one to one mapping ¢ functon keys and
types of function for aveiding confus on
2.1.1.1.4.2 Dond prefer duplicated functions
2.1.1.4.5 Function keys should be grouped together and put with
other contents at top and bottom of long page and at the
bottotn of single screen page
2.1.1.1.5.1 Function keys should not be on another page as
this increases the number of clicks e.g. Google's
[mcnu] of WAP version
2.1.1.1.5.2  Prefer function keys at the bottom of the page
2.1.1.1.5.3  Prefer function keys at the top and bottom of page
and at the bottom for short page/single screen

page
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2.1.1.1.54  Prefer functions keys being put in the same
position
2.1.1.2 Pulkdown menu: User prefer pull-down menu as it is vertically
and clearly showing information on a singlc screen and can
quickly be accessed
2.1.1.2.1 Prefcr pulbdown menu for showing items in a single
screen clearly
21122 Prefer wvertical layout,. design and components e.g.
pull-down menu and vertical catalog
2.1.1.23 Pull-down menu can help access information much
quicker
2.1.1.3 ksues on scrolling: Users need to scroll for many lines because
information & not grouped, corcentrated and fit to a single screen.
However, uses do not prefer manual / automatic scrolling
because scrolting causes inconvenience for locating and capturing
as well as accessing to Vinfonnation and function. They would
prefer to use page break, physical button comes that with mobile
device, catalog and pulidown menu for rcpla;:ing scroll bars if
possible. [n case scrolling is needed, single direction of scrolling
depends on screen (vertical /horizoatal) and no more than 2 pages
are most suitable for most of users.
2.1.1.3.1 Uscrs need to scroll for many lines because infoanation is
‘not grouped, concentrated and it to a single screen and
results in many scrolling
2.0.1.3.1.1  Without grouping of information
2.1.1.3.1.1.1 Do mt prefer mixing of catalog narnes and
titles that results in many scrolling and
long page
2.1.1.3.1.2  Without concentrated information and too much
space
2.1.1.3.1.2.1  Concentrated information with faster
accessing speed and less scrolling
21.13.1.22 Too much space results in  give-up
browsing, many scrolling, missing of
content aad difficubty in locating useful
content '
2.1.1.3.1.3 Content does no fit onto a single screen of mobile

device, epg. content designing for deskiop
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computer
2.1.1.3.1.3.1  Content is usually larger than a screen,
- . many scrolls are required before capturing
full information of a page / difficult to
capture full information
2.1.1.3.1.32  Too many scrolling when viewing desktop
content with PDA |, do not prefer to have
too many scrolling
2.1.1.3.2 User do not prefer manual / automatic scroiling
2.1.1.3.2.1 Dona prefer scrolling
2.1.1.32.2 Dona prefec horizomtal scrolling
2.1.1.3.2.3 Do na prefer motion /auto scrofling on text like
WAP
2.1.1.3.24 Do oot prefer verical scrolling together with
horizoata scroiling
2.1.1.3.3 Inconvenicnee 1o locate and capture as well as access
2.1.1.3.3.1  Difficult to locate functions, useful content and
capture full information and even give-up
searching
2.1.1.3.3.4.1  Usually have to scroll down to locate
function keys
2.1.1.3.3.1.2 Too much spacc resulls in giveup
browsing, many scrolling, missing of
content and difficulty in locating uscful
conlent
21.13.3.13 Content is usually larger than a screen,
many scrolls are required before capturing
full iﬁformalion of a page / difficult to
capture full information
2.1.1.3.3.2  Increasing number of hand actions and slower
accessing speed
2.1.1.3.3.2.1  As less number of hand actions as possible
(¢.g. scroll/click)
2.1.1.3.3.2.2 Concentrated information with faster
accessing speed and less scrolling
2.1.1.3.4 Use page break, physical button that comes with mobtle
device, catalog and pull-down menu for replacing “scroll
bars
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2.1.1.3.41  Use page break instead
2.1.1.34.1.1. Pagé break with more clicks > scrolling’
2.1.1.3.4.12 WAP has less scrolling and faster
accessing speed but more clicks (i.c. next
page] .
2.1.1.3.42 Physical bultor.l comes with mobile device
2.1.1.3421 Physical buitons would be much more
comfortable and are frequently used than
scroll bars
2.1.1.343 Catalogs and / or pull down menu
2.1.1.3.43.t  Prefer catalog grouping > List of titles
because there will be less scrolling in this
way .
2.1.1,3.432  Prefer pultdown menu > scroll bar
2.1.1.3.5 Single direction of scroiling depends on screen (vertical
fhorizontal) and no more than 2 pages
2.1.5.3.51  To scroll no more than § pages and perfectly no
more than 2 pages .
2.1.1.3.5.1.1  Prefer scrolling no more than 2 pages
2.1.1.3.5.1.2  Prefer scrolling no more than 3 pages
2.1.1.3.5.1.3  Prefer scrolling no mote than 3 pages
2.1.1.3.5.2  Prefer single direction of scrolling depending on
screen (vertical /horizontal)
2.1,1.3.5.21 Vertical scrolling / horizontal scrolling
depends on'sereen {vertical / horizontal)
2.1.1.3.5.2.2  Vertical scrolling > horizontal scrolling
2.1.1.4 Links: Text -based links are most preferred than image based links
whilc text and links should be separated clearly
2.1.1.4.1 Prefer text-based links rather thao image based links
2.1.1.4.2 Should clearty indicate links/text
2.1.1.5 Satus7 history tracing functions : required status / history tracing
functions for sequential movement / direct jumping in between
different status / location at searching
2.1.1.5.0 Required status functions e.g. backward, forward,
browsing path. I no status functions, users have cvery
time to go back to top level catalog before visiting other
catalogs. T his waste a lot of time when browsing

2.1.1.5.2 [Sequential movement] backward and forward can be
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useful and suitable at the bottom of page
2.1.1.52.1 Backward [input/modify Qquery, to previous
' stafuslcalalog, back to scarch result list], forward
used for forwarding to the next page
2.1.1.5.2.1.1 Backward function used frequently for
. inputting/modifying query, to previous
status/catalog, search result list
2.0.1.5.2.12 Forward functions used for forwarding to
the next page
2.1.1.5.2.2 Backward and forward buttons at the bottom of
page
2.1.1.5.2.2.1 Frequent of use [backward and forward
" butions at the bottom of page) > [forward
button at the bottom of page] > [backward
and forward buitons at the top of page]
2.1.1.53 [Direct jumping]
2.1.1.5.3.1 Cantype and go to a URL directly
2.1.1.5.3.1.1 Prefer address bar for typing in URL
direaly / to visit URL directly
2.1.1.5.3.2 Directty jumping in between status
2.1.1.5.3.2.3  Jumping in between difTerent status
2.1.1.53.2.1.1 Concept path for showing 3 - 4
status for back trace
2.1.1.5.3.21.1.1 Prefer concept path
showing nearest 3 - 4
status
211532112 Prefer  concept  path,
showing type of items and
focation
2.1.1.53.2.1.2  Page number list for jurnping
2.1.15.3.2.1.21 Required page numbers e.8.
<< 12345 >> for
jumping  to  different
location, shoﬁng existing
location
2.1.1.53.22 History lor re-query and back trace of
search result

2.1.1.5.3.2.2.1  Prefer history tracing, e.g. history



bar at searching resuh
2.1.1532.22 Prefer providing input history for
’ saving time 10 re~<query
2.1.1.6 Catalog: Users seeking a feasible mechanism {o  group
information and catalog is one of the possible methods helping
usess to identify information quickly by providing tidy display
and 2 summary of information. They use catalog searching when
- camnot specify query or al mo objective on searching or sure
which calalog the searching items belong to. Uscrs accept
changes on catalog componcnt based on dynamic data if
necessary and they should based on commton and static style. Also
they prefer detaikd, hierarchical catalog with multiple patls that
matched common sense, user's past experience and key terms at
content but no more than 30 jtems in each of the catalogs. As for
displaying, catalog and headings should not be put together and
catalog names should be separated clearly on a single screen.
Moreover they should provide searching on catalog and content,
show number of items at each catalog and have sequence
indicators on catalog and headings.
2.1.1.6.1 Accept slight changs on catalog component based on
dynamic data if necessary and they should be based on
common and static style
2.1.1.6.1.1 Able to accept addition of new catalogs but they
should be few changes on the existing catalogs
2.1.1.6.1.2 Prefer common style and static standard in layout
and catalog design
2.1.1.6.1.3  Prefer genemting of hicrarchy based on data only
2.1.16.2 Prefer detailed hierarchical catalogs with multiple paths
that matched common scasc, users’ past expenience and
key terms at cootent but no more than 30 items in each of
the catalogs
2.1.1.6.2.1 Prefer detailed hicrarchical catalogs with multiple
paths and oo more than 30 items in cach of the
catalogs -
2.1.1.6.2.1.1 Prefer detailed hierarchical catalogs with
multiple patls
2.1.1.6.2.1.1.1 . Prefer hierarchical catalogs than

simple catalogs
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2.1.1.6.2.11.2

2.1.1.6.2.1.1.3

Prefer having multiple patts for the
same news / content if the content
/news are belong to _‘ different
catalog (e.g. diffcrent paths can
access the same news / content )

Prefer detailed categorization for

directoriat searching

2.1.1.6.2.1.2  Accept 0 - 30 items in a catalog

2.1.1.6.2.1.2.0

2.1.1.6.2.1.2.2

2.1.1.6.2.1.2.3

21.1.6.2.1.24

Able to accept no more then 10
items in a catalog
Able to accept no more then 20
items in a catalog
Able to accept no more then 30
items in a catalog

Accept empty catalog

2.1.1.6.2.2 Catalog should maich the common sensc and

users’ past experience but also match the key

lerms at coqtent

2.1.1.6.2.2.1  Catalog should match to users’ common

sense and past experience

2186220101

21162212

21162213

2116.22.14

2.1.16.22.L5

Better start with catalog that match
users ' commaon sense

Catalog name is wseful if wses
know the type of searching
information  belongs to ( by
common Sense or past experience)
For catalog searching, the users will
find the answers quickly if they
know which catalog the search item
belong to.

will be based on past experience
and common sensc to perform
scarching with catalog

Wwill not try unknown catalogs il
users cannot find searching item s in

known catalogs

“2.1.1.6.2.2.2  Catalog name should match the keywords

of tite underlying content
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2.1.1.6.2.2.3 Many existing catalogs can match users’
_common sgnse
2.1.1.6.2.23.1 Catalogs do not match users’
common sense
2.1.1.6.2232 No catalogs that match users’
searching requircment s
2.1.1.6.3 Catalogs and headings should not be put together and
catalog names should be scparated ¢learly. on a single
screci.
2.1.1.6.3.1  Catalogs and headings should not be put together
2.1.1.6.3.1.1 Do not prefer mixing catalog nams and
titles that results in many scrolling and
long pages
2.1.1.6.32 Caalog names should be separated clearly and
many catalogs should be show ona single screen
2.1.1.6.3.2.0  Catalog names / items / titles / links /
function keys should be separated clearly
2.1.1.6.3.2.2  Show as many catalog on a single screen
as possible
2.1.164 Prefer having search on catalogs and conteny, show
number of items at each catalog and have sequence
indicators
2.1.1.6.4.1  Prefer searching on content and catalog name
2.1.1.64.2 Prefer showing number of items in a catalog
foliowed by catalog names
2.1.1.6.43 Requestnumbers/sequence indicators to indicate
sequence of search resulis, headings , titles and
catalogs
2.1.1.6.5 Catalogs help users to idemtify information quickly by
providing tidy display and a summary of information
2.1.1.6.5.1 Calalog names help users to identify typs and
relevant information quickly
2.1.1.6.5.1.1 Title and catalog names can belp users to
understand and identify uscful content
quickly
2.1.1.6.5.1.2 Catalog names help users to know the
types of news/inlormatien in the catalog

2.0.1.6.52 Catalogs provide tidy display
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21.1.6.53

_Catalogs can summaris ¢ information for searching

2.1.1.6.53.1 Prefer to have a local catalog/menu to

_summarise a Web site for local scarching

2.1.1.66 A feasible mechanism to group information by catalog

2.1.1.6.6.1

211662

2.1.1.6.6.3

2.1.1.6.6.4

Prefer "favorites " of Intemet Explorer {catalog)
thans bookmark of Klondlike (list) as good design -
for group information

Request grouping depending on . searching
purpose

Prefer catalog grouping > list of titles because
there will be less scrolling in this way

Prefer having catalogs and then abstracts while

loading

2.1.1.6.7 Use catalog searching when failing to specify query, doing

non-objective searching or know which catalogs the

searching items belong to

2.1.1.6.7.1
2.1.1.6.7.2
2.1.1.6.7.3

U se catalog searching when failing to specify the
query '

Use catalog searching for non-objective searching
Use catalog searching when uses can specific the
catalog the searching items belong to {by common

sense/catalog names)

2.1.1.7 -Summary: for wircless searching, only important content is

required. Therefore, summary and concentrated information, such

as abstract {no morc than 3 compicte sentences), heading,

indexing and local catalog of site are preferred as they can help

users to understand, scarch and identify useful content quickly.

2.0.1.7.1 Summary (abstract, heading, indcxing, local catalog of site]

is preferred as it can help uvsers to understand, search and

identify useful content quickly

IR N AR

2172
21.1.7.13

21.1.7.1.4

Abstracts can help users to understand, search
tittes and identify useful content/ scarch results
quickly

Headings can be helpful in searching

Prefer having a local catalog/meny to summaris e
a Web site for local searching

Prefer short abstract, description on headings
and links

186



2.1.1.7.1.5 Prefer page indexing
2.1.1.7.2 Concentrated infonnation is preferred as it comes with
faster accessing speed and less scrolling
2.1.1.7.2.1 Concentrated information with fasler accessing
speed and less scrolling
2.1.1.7.2.2  Prefer concentrated approach to show information
2.1.1.7.3 Only important content i3 required so as 1o display as
muchinformation on a single screen as possible
2.1.1.7.3.1  Required important content/text only when
searching with PDA
2.1.1.7.3.2  Prefer showing as many rcsults on a single screen
as possible -
2.1.1.7.4 Prefer abstract in no more than 3 complete sentences
2.1.1.7.4.1  Preferred size of abstract : 1 - 2 sentences with
complete sentences '
2.1.1.7.42 Preferred size of abstract : 2 - 3 sentences with
completc sentences
2.1.1.8 Presentation of seéarch result: only necessary cor-ltem (abstract aad
heading) & required in the search result list. Do not prefer further
categorization and searching on scarch result. [n additional,
highlighting on seatching keyword, numbering and total number
of scarch results are required. M oreover, users are able to browse
more pages, no more than 20 items oo each page, when know ing
the otal npumber of pages amd usually modify query before
browsing all the results.
2.1.1.8.1 Able to browse more pages, no more than 20 items on cach
page, when knowing the total number of pages.
2.1.1.8.1.1  Accept no more than 20 search resulis at a page
2.1.1.8.1.L.1 Able to accept no more than 10 search
results on page
2.1.1.8.1.1.2  Able to accept no more than 20 search
results on page
2.1.1.8.1.2  Able to browse no morc than 20 pages if the
number of total pages is known. Otherwise, oo
more thar 5 pages
2.1.1.8.1.2.1 Able to browse no more than 10 pages
when the number of pagés is known

2.1.1.8.1.22 Able to browsc no more than 20 pages
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when the number of pages is known
2.1.1.8.1.23  Abic to browse no ‘morc than 4 pages
without knowing the number of pngo;s
2.1.1.8.1.24  Able to browse no morc than 5 pages
. without knowing the number of pages
2.1.1.8.1.25  will only browse I- 4 pages of searching
results
2.1.1.8.2 Only necessary coutent (abstract and heading) is required
in the search result list. Do not peefer  funher
categorization oa search results
2.1.1.8.2.1  Abstract + heading would be enouph for browsing
search result
2.1.1.8.22 Required ‘imponant content/text  only when
) searching with PDA -
2.1.t.823 Donda prefer further categorization of keyword of
search results, only a list of headings + abstract is
required
2.1.1.8.3 Highlighting searching keyword, numbc-ring and the tatal
number of search results.
2.1.1.8.3.1  Prefer highlighting searching keyword |
2.1.1.8.3.2 Prefer showing number of search results, for
deciding whether to modify the query or not
2.1.1.8.33 Request number / sequence indicator (o indicate
sequence of scarch results, headings |, titles and
catalogs
2.1.1.8.4 Users will modify query before browsing all the results
and search on seatch result is oot uscful for them.
2.1.1.8.4.1 Search on existing search result is not usefuf,
wsers will choose extending the query

2.1.1.8.42 Modify query afier readng 50 - 60 results
2.1,2 Fuadions

2.1.2.1 Iput: users prefer as litile of input as possible when searching.
They prefer aed usually use familiarized keyboard (physical if
possible) based input as it is more accurate than other input
methods. Moreover, word completion and input history tracing
can also belp oa enhancing input accuracy and speed.
2.1.2.1.1 Aslittle input as possible when seacching -~
2.1.2.1.2 Users prefer familiadized keyboard based (physical if
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possible) input as it is more accurate than other input

methods

212121

2.12.1.2.2
2.1.2.1.23
212124

Do not prefer hand writing input, because not
accurde enough, but if accurate, users will use
Keyboard input more accurate, similar to those
used at deskiop and no need to leam

Only used familiarized keyboard like input even
we provided 4 types of input

Prefer using of physical keyboa:d for inputting

2.1.2.1.3 Word completion and input history tracing are useful

2.1.2.43.1

2.1.2.1.32

Prefer providing input history as it saves lime for
e -query
Word completion allows faster input and less

wrong spelling.

2.1.2.1.3.2.1  Prefer word completion which causes less

wrong spelling when inputting query

2.1.2.1.3.22  Prefer word completion which makes input

much faster

2.1.2.2 Keyword scarch: used when failing to find or locate search ilems

in catalogs/ no idea about searchiog items/ required objective

search/ there are too many un-organized information. Users will

necd a simplc text field for keyword scarching based on

keyword/phrase at semantic meaning or directly match. However,

users will accept query length no more than 15 characters.

2.1.2.2.1 Always provide a simple text fleld for searching based on

keyword/phrase

21.2.2.01

212212
21.2.2.13
212214

For puli-based searching, a simple texi ficld e.g. "
[ " for input
keyword/phease is enough

Prefer providing a text field for inputting query,
s;o that uses can always expand and modify their
quety

Prefer providing a search function

Prefer keyword + phrase searching for pull-based

searching

2.1.2.2.2 Request match query and keywords at content by semantic

‘meaning

2.1.2.23 Query no moce than 15 charaders
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202231

212232

Prefer query of no more than 10 characters,
otherwise, use catalog or voice based input
Prefer query of no more than 15 characiers,

otherwise, use catalog or veice based input

2.1.2.2.4 Use keyword search when failing to find or locate search

itern in catalog, no idea about searching item, required

objective search, have too many un organized information.

0212241 Use keyword search when hailing tofind or locate
search in catalog or no idea about searching item

(by common sense/catalog names).
2.1.2.24.11  Use keyword searching when failing to

find searching ttem in catalogs (by

common sense/catalog names)

2.1.224.12 Use keyword searching when failing to

specific the catalog of the searching item

(by common sense/catalog names)

2.1.2.2413 Use keyword searching when users

2.1.2.2.42

2.1.2.2.43

definitely do not know \.\;hnl the searching
item is
Use keyword searching when users know the
searching item exactly or doing objective
scarching
Prefer to haviog local keyword search if there is

too much un-organized information on a page

2.1.2.3 Processing of information

2.1.2.3.1 Concentrated information

2.1.23.1.1

Catalog: users seeking a feasible mechanism to
group information and catalog 15 onc of the
possible methods for helping users to identify
information quickly by providing tidy display and
a summary of information. They use catalog
searching when can't specify query or doing
nonobjective searching or know which catalog
the searching items belong ta Users accept slight
changss on catalog component based on dynamic
data if necessary and they should be based on
common and stalic style. Also, they prefer

detailed hierarchical catalogs with multiple paths



that match users’ common scnse, user's past
- expenence and key terms at content but no more
than 3Q items in each of the catalogs. As for
displaying, catalogs aad headings should not be
put together and catalog names should be
separated clearly on a single screen, Morcover,
there shoutd provide searching on catalog and
- content, show number of items at each. catalog
and have sequence indicators on catalogs and
headings.
2.1.2.3.1.1.1  Users accept slight changes on catalog
component based on dymamic data if
necessary an(i they should be based on
common and staic style.
2.1.23.1.1.1.1  Able to accept addition of new
catalogs with slight changes to the
existing catalogs
2.123.1.1.1.2 Prefer common 'stylc and static
standard in layout and catalog
design
2123.1.1.1.3  Prefer generating of  hierarchy
based on data only
2.1.2.3.1.1.2  Prefer detailed hierarchical catalogs with
r_nulliplc paths that matched common sense,
users' past experience and key terms at
content but ao more than 30 items in each
of the catalogs
2.4.23.1.L.2.1  Prefer detailed hicrarchical catalog
with multiple paths and no more
than 30 items in each of the
catalogs
2123.11.2.1.1  Prefer detaikd hierarchical
catalog with multiple paths
212301212 Prefer hierarchical catalogs
than simple catalog
212311213 Prefer  having mudtiple
patls for the same news /

content if the content
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2.1.23.1.1.2.14
212381205
2.1.2.3.1.1.2.1.6
2.1.23.0.1.2.1.7
2.123.1.1.2.1.8
212311219

/news betongs to different
calalogs (c.g. differem
patls can access lile same
news / content )

Prefer detailed
categorization for
directorial searching
Accept ¢ - 30 items in a
catalog

Able to accept no more
then 10 items in a catalog
Able to accept no more
then 20 items in a catalog
Able to accept no more

then 30 items in a catalog

Accept empty catalog

2.0.2.3.1.1.2.2  Catalogs should match the common

sensc and users’ past experience but

also match key terms at content

212311221
2.1.231.1222
212311223
212311224
2.1.23.1.12.2.5

Catalogs  bettgr  maich
user's common sense and '
past experieace

Better start with catalogs
that match uscrs® common
sense

Catalog name is useful if
users know the catalog the
searching items belong to
( by common sense or past
expcrience)}

For catalog searching, the
uses will find the answers
quickly if they know the
catalog the scarching items
belong to

will bc based oo past
experience and common

sense to perform searching
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212311226

21.23.1.1.2.2.7

2.0.23.1.1.2.28

21.23.1.0.2.2.9

2023112210 No catalogs that match -
users searching
requirements

2.1.23.1.1.3  Catalogs and headings should not be put
together and catalog pames should be
separated clearly on a single screen.
2.0.23.1.1.3.1  Catalogs and headings should not
be put together
2023 L1300 Do not prefer mixing

with catalogs
Will not try unknown
catalogs if users cannot
find searching items in
known catalogs

Catalog’ name should
match t he keywords of the
underlying content

Many existing catalogs can
match user's common
sense

Catalog not match users’

cOmmon sense

catalog names and titles
that results in many

scrolling and long page

2.4.23.1.132 Catalog names should be separated

clearly and many catalogs should

be shown on a single screen

242311320

2.1.23.1.1.3.2.2

Catalog names  /ilems
ftitles Alinks /function keys
should be separated clearly
Show as many catalogs on

a single screen as possible

2.1.23.1.14  Prefer having search on catalogs aod

content, show number of fems at each

" catalog and have sequence indicators

2.123.1.14.1

Prefer searching on content and

catalog name
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2.1.2.3.1.1.42  Prefer show ing number of items in
a <catalog followed by calalog
_ names’
2.1.23.1.143 Request numbes / scquence
indicators to indicate sequence of
search results, headings , titles and
catalogs
2.1.23.1.1.5  Catalogs hc[p; users to identify information
quickly by providing tidy display and
summary of information
2.1.2.3.1.1.5.1  Catalog names help uses to
identify typs and  relevant
information quickly
2.0.23.L15.01 Title and catalog names
cag  help  users 1o
understand  and  identify
usefud content quickly
2.1.23.1.15.1.2 Catalog names help users
to know the types of
news/information in  the
catalogs
2.1.2.3.1.1.5.2  Catatogs provide tidy display
2.1.23.1.1.5.3  Catalogs can summaris e
information for searching
21.23.01.530 Prefer 1o have a Jocal
catalog/menu to
summarise a Web site for
local searching
2.1.2.3.1.1.6 A feasible mechanism 10 group
information by catalog
2.1.2.3.1.86.1  Prefer  "avorites” of  Internet
Explorer (catalog) than bookmark
of Klondlike (list) as good design
for group information
2,1,.2.3.1.1.6.2 Request grouping decpending on
scarching purpose
2123.1.16.3  Prefer catalog grouping > list of

titles because there will be less
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2.123.1.1.64

scrolling in this way
Prefer having catalogs md then

abstracts while loading

2.1.2.3.1.1.7  Use catalog scarching when failing to

specify

query, doing non -objective

searching or kuow which catalog the

searching itlems belong to

2.1.23.1.1.7.0

28231112

2.1.23.1.1.7.3

Use catalog searching when failing
10 specify the query

Use caalog scarching  for
non-objective searching

Use catalog searching when users
can specify the Acata[og the
scarching items belong to (by

common sense/catalog names)

2.1.23.1.2 Summary: for wircless searching, only important

content is required. Therefore, summary and

concentrated information, such as abstract (no

more than 3 complete sentences), heading,

indexing and local catalog of site are preferved as

they can help usess to understand, search and

identify useful conteut quickly.

2.1.2.3.1.24  Summary [abstract, heading, indexing,

local catalog of sie] is preferred as it can

help users to understand, search and

identify useful content quickly

242302101

2.1.23.1.2.1.2

2.1.23.1.2.13

2.1.23.1.2.14

2.12.3.12.1.5

Abstracts  can  help  users  to
understand, search and  identify
useful content/ search results
quickly

Headings can be  helpful in
scarching

Prefer having a local catalog/menu
to summanse a Web site foc local
searching

Prefer short abstracts, description
on headings and links

Prefer page indexing
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2,i.2.3.1.2.2  Concentrated information is preferred as it

comes with faster accessing speed and less
scrolling -
21231221 Concenirated  information  with
fastcr accessing speed and less
scrolling
2.4.23.1222  Prefer concentrated approach to
show information
2.8.2.3.1.2.3  Qnly important content is required 3o as to
display as much information on a single
screen as possible
2.1.23.1.2.3.0 Required important content/text
only whcn.scarching with PDA
21231232 Prefer showing as m any results on a
single screen as possible
2.1.2.3.1.24  Prefer abstract in no more than 3 compleie
sentences
2.0.2.3.02.4.1 Preferred size of abstract 1 | - 2
sentences with complete sentences
2.1.23.1.242  Preferred size of abstract : 2 - 3
sentences with complete sentences
2.1.2.3.2 Sorting: Prefer sorting items by relevance ranking,
alphabetical order or user interests if possible
2.12.3.2.1  Prefer sorting with search result by celevance
2.1.2.3.2.2  Prefer soding with search result by retevance /
alphabetical.ordcr
2.1.2.3.2.3  Suggest to sort according to user interest /
alphabetical order
2.1.2.3.3 Presentation of search result: only necessary content
(abstract and heading) is required in search result list. Do
oot prefer further categorization and searching on scarch
resuft. In addition, highlighting searching keywords,
numbering and the total number of secarch result are
required. Morcover, users arc able to browse more pages,
but no more than 20 tems on each page when knowing the
total number of pages and usually modify query before
browsng ali the resuts, -

2.1.2.3.3.1  Able to browse more pages but no more than 20
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items on each page, when know total number of
pages.
2.1.2.3.3.0.1  Accept no more than 20 scarch results ona
page
2.1.23.3.1.1.1  Able to accept no more than 10
search results on a page ‘
2.1.2.3.3.1.1.2  Able to accept no more than 20
- i - search results on a page
2.1.2.33.1.2 Able to browse no more than 20 pages if
the number of total pages is. known.
Otherwise, no more than 5 pages
2.1.233.1.2.1 Able to browse no more than 10
pages if the aumber of pages Is
known.
2.1.233.1.22  Able w browse no more than 20
pages if the number of pages is
known
2.1.233.1.23 Able to browse -no morc than 4
pages without know ing the number
of pages
2.1.233.1.24 Able to browse no more than 5
pages without knowing the number
of pages
2.1.233.1.25 Wil only browsec 1- 4 pages of
searching results
2.1.2.3.3.2  Oaly necessary content (abstraci and heading) is
required in search result list. Do not prefer further
calegorization on search results
2.1.2.3.3.2.1  Abstract + heading would be enough for
browsing search result
2.1.2.3.3.2.2  Required important content/text only when
searching with PDA
2,1,2.3.3.23 Do not prefer further categorization of
keyword of search results, only a list of
headings + abstract is required
2.1.2.3.3.3  Highlighting searching keyword, numbering and
total number of search results.

2,1.2.3.33.1  Prefer highlighting on searching keyword
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2.1.2.3.332  Prefer showing number of scarch results,
for deciding whether*to the modify query
- or not
2.1.2.3.3.33 Request number / scquence indicator to
indicate sequence of search results,
headings , titles and ca!allog
2.1.2.3.3.4 Users would modify query before browsing all the
results. Searching existing result is not useful for
them.
2.1.2.3.3.4.1 Scarching existing search resolt is not
useful, users will choose cxtending the
query
2,1.2.3.3.4.2  Modify query after reading 50 - 60 results
Nature of information
“3.1.1 Desktop content: although desktop content is rich in information and
picture. PDA's screen is too small, while too many un-suitable pictures
and much space at desktop based content results in many scrolling, stow
on loading speed, difficulty in nnderstanding and Ioca-ting information.
Users feeltired and difficult to capture full picture of information.
3.1.1.1 Desktop content comes with more information and pictures than
content for PDA
3.1.1.2 Screen too small that content usually targer than a screen and can't
be fined onto asingle screen
3.1.1.2.1 Screca too small for content when viewing desktop content
with PDA
3.1.1.2.2 Content usually larger than a screen, have many scrolls
before capturing full information of a page / difficult to
capture full information
3.1.1.2.3 Information cannot be fitted oo asingle screen when
browsing desktop based content
3.1.1.3 Results in many scrofling, slow on loading speed and difficuliy in
understanding and locating information
3.1.1.3.1 Too many scrolling when viewing desktop content with
© PDA , don't prefer having too many scrolling
3.1.1.3.2 Too slow on loading speed when vicwing deskiop content
with PDA
3.1.1.33 Difficult to find those wanted catalogs / functions when

viewing desktop content with PDA
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31.t.4 Too lmuch space when browsing desktop content with PDA
3.1.1.5 .Too many pictures and size of picturc not suitable
3.1.1.5.1 Pictures are becoming smaller and cannot be seen clearly
when viewing desktop content with PDA
3.1.1.5.2 Pictures of desktop content are too large for PDA i they
are viewed directly with PDA
3.0.1.6 Users feel tired, difficult to capture full picture of information
3.0.1.6.1 Users feel much tired lhan.hrowsc those contentwat desktop
when viewing desktop content with PDA
3.1.1.6.2 Cannct sec the whole page as at desktop when vicwing
desktop content wilth PDA
3.1.2 Supportive
3.1.2.1 Additional information : related items at the end of page / related
pictures can help information retrieval and make users
comfortable
3.1.2.1.1 Prefer having related item on the same page
3.1.2.1.2 Related pictures can help identifying related content, draw
users” attention, facilitating undctslandin.g of content and
make users comfortable
3.1.2.2 Satus/ history tracing functioos : required status / history tracing
functions for sequential movement / direct jumping in between
different status / locatton at searching
3.1.2.2.1 Required staws funclions e.g.  backward, forward,
browsing path. If no status functions, uses have to go back
to the top level of catalog before visiting other catalogs.
This wastes a lot of time when browsing
31.1.2.2.2 [Seqguential movement} backward and forward can be
useful and suitable at the bottom of page
312221 Backward [input/modify query, to previous
status/catalog, back to scarch result list], forward
used for forwarding to the next page
3.1.2.2.2.1.Y  Backward function used frequently for
inputting/modifying query, to previous
status/catalog, and secarch result fist
3.1.2.2.2.1.2  Forward function used for forwarding to
the next page
3.1.2.2.22  Better at the bottom of page
3.1.2.2.2.21  Frequent of use [backward an& forward
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button at the bottom of page] > [forward
bution at the bottom of page] > {backward
and forward button at the top of page}
3.1.2.2.3 [Direct jumping]
3.1.2.2.3.1 Cantype and go to a URL directly
3.1.2.2.3.1.1  Prefer address bar for typing in URL
directly / to visit URL dicectly
37. 1.2.2.3.2 Directly jumping in between status
3122321 Jumping in between different status
31.12232.1.1 Concept path for showing 3 - 4
status for back trace
11.2.23210.141 Prefer concept path which
can show nearest 3 - 4
status
22321012 Prefer concept path, for
showing typs of items and
location
3.1.2232.1.2  Page number list for jumping
31.223.21.21 Required page numbers e.g.
<« 12345 >> for
jurmping  to  different
location, showing existing
location
3.0.2.2.3.2.2  History for re-query and back trace of
scarch result
3.1.22.3.22.1 Prefer history tracing, e.g. history
bar at searching resubt
3.1.22.3.2.22  Prefer providing ioput history as it
saves lime for re-query
3.1.3 Concentrated
3.1.3.1 Catalog: Users secking a feasible mechanism to  group
information and catalog is ene of the possible methods for helping
users o identify information quickly by providing tidy display
antd a sumnmary of information. They use catalog scarching when
cant specify query or doing non-objecliw}e searching or know
which catalog the searching items beloag to. Users accept slight
changes on catalog component based on dypamic data if

necessary and they should be based on common and static style.
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Also, they prefer detailed hierarchical catalogs with multiple
paths that maich users’ common sense, usee’s past experience and
key terms at content but no more than 30 items_in each of the
catalogs. As for displaying, catalogs and headings should not be
put together and catalog names should be separated clearly on a
single screen. Moreover, there should provide searching on
catalog and content, show number of items at each catalog and
have sequence indicators on catalogs and headings.
3.1.3.1.1 Accept slight changes on catalog comporent based on
' dynamic data if necessary and they should be based on
comamon aad static style
3.1.3.1.1.1  Able to accept addition of new catalog withonly
slight changes to the existing catalogs
3.1.3.1.1.2  Prefer commoun style and static standacd in layout
and catalog design _
3.1.3.1.1.3  Prefer generating of hicrarchy based on data only
3.1.3.1.2 Prefer detailed hierarchical catalogs with multiple paths
that matched common scase, users’ pa-sl experience and
key terms at content but no more than 30 items in each of
the catalogs
343.1.210  Prefer detailed hierarchical catalog with multiple
paths and no more than 30 iterns in each of the
catalogs
3.0.3.40.2.1.1  Prefer detailed hierarchical catalog with
multiple patts
3312101 Prefer hierarchical catalogs than
simple catalog
31312112 Prefer having multiple patls for the
same news / content if the content
/ncws belongs to different catalogs
{e.g. different patls can access the
same news / content }
34302113 Prefer detailed categorization for
directorial searching
3.1.3.1.21.2  Accept 0 - 30 items in a catalog
3.13.1.2.0.2.1  Able to accept no more hen 10
itetns in a catalog

31312122  Able to accept no more then 20
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3.1.3.1.21.23

31312124

ilems in a catalog
Able to accept no more then 30
items in a catalog

Accept empty calalog

3.1.3.1.2.2 Catalogs should match te common sense and

users '’ past experience but also match key terms at

content

3.1.3.1.2.2.1 The catalogs better match uscrs ' common

sense and past experience

3.0.3.0.2.2.01

31312212

31312213

3.1.3.1.2.2.14

313122145

Better start with catalogs that maich
users ' COmMon sense

Catalog oname is useful if uses
know the catalog the secarching
informa!ion belongs to ( by
common sense or past experience)
For catalog searching, the users will
find the answers quickly if he
knows the catalo-g the searching
item belongs to

Will be based oo past gxpericnce
and common sensc to perform
scarching with catalogs

Will not try unknown catalogs if
users cannot find searching item s in

known catalogs

3.1.3.1.2.22 Catalog nams should match the keywords

of the underlying content

3.1.3.1.2.2.3  Many exisling catalogs can match users’

cgmman sense

3.13.1.2.23.1

31302232

Catalog not match users' common
sense
No catalogs that match users'

searching requirerment s

3.0.3.1.3 Catalogs and headings should not be put together and

catalog names should be scparated clearly on a single

SCreem.

3.1.3.1.3.1  Catalogs and headings should not be put together

3.1.3.1.3.t.t Do not prefer midng catalog nams and
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. titles that reselts in many scrolling and
long page )
" 3.1.3.1.3.2 _ Catalog names shouid be separated clearly and
- many catalogs should be shown on a single screen
3.1.3.1.32.1  Catalog names / items / titles / links /
function keys should be scparated ciearly
3.1.3.1.3.2.2  Show as many catalogs on a single screen
- - as possible
3.1.3.1.4 Prefer having search on catzlog and content, show
number of items at each catalog and have sequence
indicators
3.1.3.1.4.1  Prefer searching on content and catalog name
3.1.3.1.42 Prefer showing number of items in a catalog
followed by catalog names
3.1.3.1.43 Requestnumbers/ sequence indicators to indicate
sequence of scarch- results, headings , titles and
catalogs
3.1.3.1.5 Catalogs help user to identify inform:.nion quickly by
providing tidy display and a summary of information
313151 _ Catalog names help users to identify, typs and
relevant information quickly
J.L.3.1.5.1.1  Title and catalog names can help vsers o
undecstand and identify useful content
quickly
3.1.3.1.5.1.2  Catalog names help users to know Lhe
types of news/information in the catalog
3.1.3.1.5.2  Catalogs provide tidy display
3.1.3.1.5.3  Catalogs can summaris ¢ information for scarching
3.1.3.1.53.1 Prefer 1o have a local catdog/menu to
summaris ¢ a; Web site for local searching
3.0.3.1.6 A feasible mechanism to group information by catalog
J.1.3.1.6.1 Prefer "favorites™ of {ntemet Explorer (catalog)
than bookmark of Klondlike (list) as good design
for group information
3.13.1.62 Reguest grouping depending on searching
purpose
33.1.63  Prefer catalog grouping > list of tittes beeause

there will be less scrolling in this way



3.1.3.1.6.4 Prefer having catalogs and then abstracts while
loading s .
3.1.3.1.7 Use catalog searching when failing to specify query, doing
non-objective searching or know which catalog the
searching items belong to .
3.1.3.1.7.1  Usec catalog scarching when ﬁiling to specify the
query
3.1.3.1.7.2  Use catalog searching for non-objective scarching
3.13.1.7.3  Use catalog searching when user can specific
which catalog the searching itens belong to (!?y
common sense/catalog names) S
3.1.3.2 Summary: For wircless searching, only important contclnl is
required. T herefore, summary and concentrated information, such
as abstract (no more than 3 complete sentences), heading,
indexing and local catalog of site arc preferred = théy can help
users to understand, search and identify useful content quickly.
3.1.3.2.1 Summary [abstract, heading, indexing, focal catalog of site]
is preferred as it can help users to uMeﬁtanm search and
identify useful content quickly
3.1.3.2.1.1  Abstracts can help users to understand, search
titles and identify useful content/ search resulls
quickly
3.1.3.2.1.2 Heading can be helpful in searching
3.1.3.2.1.3  Prefer having a local catalog/menu to summarise
a Web site for local scarching
3.1.3.2.1.4  Prefer short abstracts, description on headings and
tinks
3.132.1.5 Prefer page indexing
3.1.3.2.2 Concentrated information is preferred as it comes with
fastcr accessing speed and less scrolling
3.1.3.2.2.1 Concentraled information with faster accessing
speed and less scrolling
3.1.3.2.2.2  Prefer concentrated approach to show infonmation
3.1.3.2.3 Ouly impottant content is required so as (o display as
muchinformation ona single screen as possible
3.1323.1 Required important content/text only when
searching with PDA

3.1.3.2.3.2  Prefer showing as many results on 2 single screen
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as possible
3.1.3.2.4 : Prefer absiract in no more than 3 complete sentences
3.1.3.2.4.1 Preferred size of abstract : | - 2 sentences with
complete sentences
3.1.3.2.4.2  Preferred size of abstract : 2 - 3 sentences with
. complete scntences
3.1.4 Presentation of scarch result: only necessary content {abstract and
heading) & required in the search resule list. bo not prefer further
categorization and searching on search result. In addition, highlighting
on searching keyword, numbering and total mumber of scarch results are
required. M oreover, users are able 1o browse more pages, no more than
20 items on each page, when knowing the total number of pages and
usually medify query before browsingall the resulis,
3.0.4.1 Able lo browse more pages, no more than 20 items at each page,
when know ing the total number of pages.
3.1.4.1.1 Accept no more than 20 search results at a page
3.1.4.1.1.1  Able to accept no more than 10 search results on a
page .
3.L4.1.1.2  Able to accept no more than 20 search results ona
page .
3.1.4.1.2 Able 1o browse no more than 20 pages if the number of
total pages is known. Otherwise, no more than 5 pages
31.4.1.21  Able to browse no more than 10 pages when the
' number of pages is known
3.1.4.1.2.2  Able to browse no more than 20 pages when the
. number of pages is known
_3.t.4.'i.2.3 Able to browse no more than 4 pages withoul
fnow ingthe number of pages
314.1.24 Able to browse no more than 5 pages without
know ingthe nurmber of pages
3.1.4.0.25 Will only browse 1 - 4 pages of searching resulis
3.1.4.2 Only necessary content (abstract and heading) is required in the
search result bist. Do nat prefer further categorization on searct
resuits
3.1.4.2.1 Abstract + heading would be enough for brow sing and
search result

3.1.4.2.2 Recaquired important content/text only when searching with

PDA
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3.1.4.2.3 Do mot prefer further categorzation of keyword search
results. Only a list of headings + abstract is required
) 3.14.24 Hightighting searching keyword, numbering and the total
number of search resulis.
314241 Prefer highlighting searching keyword
314242 Prefer showing number of search results, for
deciding whether to modify the query or not
3.1.4243 Request number / sequence indicator to indicate
sequence of scarch resulis, headings , titles and
catalogs B
3.1.43 Users will modify gquery before browsing ali the results and
search on search result is not useful for them.
3.1.4.3.1 Scarch on existing search result is not usefu, users will
choose extendmg the query
3.1.4.3.2 Modify query after readng 30 - 60 results
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