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Chapter 1

Introduction

1.1 Introduction

Tn the early 1800°s, photography was the business and pastime of a small number of
individuals, experts in both the technology for capturing images and the chermnistry
of processing them. Photographs would depicl the family and its hierarchy [42].
They were seen as status symbwls, depicting power and weallh [67]. Porfrait studios
would use all kinds of props to create a sefting, a wished for siluation perhaps or

cven a fictitious past {11].

(a) (b}
Figure 1.1: The Kodak Brownie (a} and Nokia N9 (b)

The intrreduction of the inexpensive Kodak brownie (see Figure 1.1a} in the early
1941)'s sparked a major change in the nature of photepraphy by taking photography
out of the studie and making it more accessible to the masses. The Kodak Eastman
company proposed a solution where they did all the processing (developing and
printing}, and all the wser bad fo do was take the picture. Lnforunately, the

premium attached to this service kept the price of photography relatively high [67].
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Chapter 1

1.3 Limitations of previous research

Most photo search tools that support query-based searching rely on manually
annotated metadata for each image [57][113][135]. With personal photography,
people are reluctant to annotate the bulk of their photo collection [62][105]. The time
and effort required to annotate each photograph far out-weighs any perceived
benefits [105]. As a result, researchers have relied on methods that distinguish
photographs based on the image content, as this data is implicitly available. These
content-based methods have been quite successful in locating photographs that
have similar color compositions. However, they are unable to identify and interpret
meaningful features in images. Consequently, they have not been particularly
useful, as people search for images based on semantic properties rather than visual
properties [62]. The ‘meaningful identification and interpretation of features in
photographs has been described as an Al-complete problem which requires solving

strong Al in general’ [106].

One solution is to rely on humans to do this complex computation by exploiting the
human ability to process visual information rapidly. Many commercial image
browsing tools make use of this approach by maximizing the use of the screen real-
estate, so that at any given time as many thumbnails are shown as possible. This
technique works particularly well on high resolution screens where a large number
of thumbnails can be displayed. However, the technique is not as effective on
handhelds, where the lower resolution screens only allow a few images to be shown
at a time. Given that about half the cerebral cortex is dedicated to image processing
alone [136], we believe it is still worth investigating other techniques that may

exploit the human ability to rapidly interpret large amounts of visual data.

1.3 Limitations of previous research

When searching through old photographs, people are most likely to look for: an
event (set of photographs relating to a particular well defined event); a single
(individual remembered photograph), and a property (sets of photographs with a
common theme) [105]. Unfortunately, the majority of studies in this area have not
considered supporting users in performing these tasks [62]. Most research studies
have tended to focus on just one (locating a single) [29][65][128][118] or two (locating

a single and property) [44] of these tasks. This raises questions about their ecological

3
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1.4 Research Questions

validity, particularly as studies by Rodden and Wood [105] have found that the

most common photo search task is locating events.

Similarly, very few researchers have considered the importance of supporting both
searching and browsing. It is unlikely that any single approach is suitable in all
circumstances. For example, a search is likely to be most effective when user needs
are well defined. However, as user needs become more vague and difficult to
express, an exploratory approach that exposes the user to the information is likely to
be more appropriate. The ideal approach for supporting user needs is likely to be a

more inclusive one that accommodates both methods of information access.

Very little photo organization and structuring is performed on handheld devices.
Most photo management is performed on desktop computers using specialist
software such as iPhoto [4]. Photo collection structures are then migrated to the
handheld device during a synchronization process. Devices such as the iPhone
allow a mirror copy of an entire photo collection to be placed on the device.
Replicating a photo collection’s structure on a handheld has a number of
advantages: it provides a structure that is already familiar; it allows the photo
collection to be accessed anytime, anywhere; and it also provides a way of backing
up the photo collection. Wilhelm and her colleagues [131] in their investigation of
photo annotation on camera phones concluded that there is a 'need to develop
hybrid solutions that integrate desktop and mobile application components into
more complete and appropriate solutions.” They recommend adding desktop-based
annotation capabilities to photo search tools on mobile devices. We were unable to
find any research that has looked at how user-inputted metadata from the desktop

might be used to support photo search on a handheld device.

1.4 Research Questions

The main aim of this thesis is to provide an empirical foundation for the design of
photo search tools on small display devices, taking into account the challenges (or

research limitations) discussed above. The key objectives are:
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1. To devise a set of empirically grounded guidclines for designing photo

search interfaces on small display devices,

2. Tu develop a photo search tool that addresses the limitations of corrent
svsterns on small display devices. Tncontrast to previous work, the design of
scarch tool must take into consideration the task types (eoends, singles and
propertivs), the methods of information access {(searching and browsing) and

current annotation practices.

1.5 Justificalion for the research

The need for adequale photo scarch solutions on handhelds has been advocated ina
nnber of rescarch papers [29][44][61]. The argumients have been wide ranging. A
techno-centric argument has focused on the fact that mobile devices have all the
necessary ingredients {large storage, multiple networking capabililies, and high
resofittion screens) for a truly mobile collection. Fur example, the current (Pod photo
and the iPod phone are capable of storing more than 25,000 images, However, what
is lacking are tools that allow users to sift through potentially large numbers of
photographs, espeaally as people have expressed their desire to store images in the
long term on their mobile deviee [61]. Another argument is that as storage increases,
users will be less motivated to transfer photos to the PC, so searching activity will
naturally migrale from the PC to the mobile device. Kindberg at al. [61] have
stressed the need for adegquate photo search fools to support the activitics around
mobile photography, such as storvielling and reminiscing, which tvpically require
wsers to sift through obd photographs, Photo search tools are alse needed to support
photo sharing on mobile devices, especially between growtps of people that mittually
expetience an event and exchange photographs sometime after the event when they

next mect each other.

Photy search tools have the potential to impact civil society. For example, Frgure 1.2
shows that there are currently about 60 million camera phone users [5]; if only

104 search for images on their phone, saving 1 second per scarch saves a tolal of

166666 hours. OF course this crude cstimate ignores a number of factors, such as
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seatching during ‘dead time.” However, it illustrates the importance of conducling

research o thns area.
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Figure 1.2: Warldwide mobile phone and camera phone shipments [30].

1.6 Methodology

Given the emphasis on supporting user needs, the lield of Human-Compuler
[nteraction provides suwilable metheds for designing, developing and evaluating
photo scarch interfaces. User-centered design is the most widely used methodology
{or design plulosopbv) for developing computer systems that meet user needs, [t
places wsers at the center of the design and fovelves them throughout the design
process. IL wses an iterative design process for developing, evaluating and refining
comnpiter svslems, The benctit of using a design based rescarch methodology is that
it enables researchers to ‘understand the world through the process of gathering

requirements and improve the workd through the process of design’ [L6].
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Figure 1.3: Three photo seéarch Lools Lthal are developed as part of an ilerative design
process. Figure 1.3a illustrates Lhe initial scarch tool that supparts bwa Visual plioto search
techrdquees (see seclion 1.9 for definition). In Figure 1.3b, the scarch tool is modified Lo
include contextual cues. In Figure 1.3¢, the final search tool integrales multiple search
methods which include: a Keyword search, Timeline browser, Thweline filter, Hierarchical

ferdeder-brsed browser and two Visnal phofa search Lechmiqees,

An iterative design process (s used to develop three photo search tools (see Figure
L3). Figure 1.34 shows the imitiaf search tool that supports two different visual
photo scarch technigues. The requirements for this search tool are based on a user
needs analysis in Chapter 20 A design-first, study-second approach is used to develop
this scarch tool. Don Norman [89] argues that when user needs have already been
investigated and a benchmark exists, a design-first, study-second approach is more
appropriate than a study-first, design-second approach as it avoids replicating existing
work, The design is deliberately incremental 5o that it can be benchmarked against a
baseline thumbnail-grid browser, The emphasis here 15 on improving current photo
search tools for small display devices by taking into account users neoeds when
visually searching through photo collections. The next iteration in the cycle is aimed
at identifving the problems with the search tool so that they can be addressed to
provide a better search experience in terms of supporting users in performing the
three commaon searching tasks. The search tool shown in Figure 1.3b is developed

further by adding contextual cues {date and folder information} to the search tool

1
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shown in Figure 13a. Studies have shown that dates and folder labels are used
extensively when searching through a photo collection [a2]f131]. In the final
iteration, the search tool is developed further based on the recommendations in
Chapter 4. The search tool (see Figure 1.3¢) integrates multiple scarch methods
which include a Keyword senrch, Temporal browser, Hierarchival folder-based browser and

tivo Visual phote seprch foctmiques.

A set of empirically grounded guidelines are developed for designing fulure photo
search interfaces based on user evaluations of the three search tools, Three common
cvaluation practices tor visual systems [98] are used. A controlled expermient is
used to compare fhe initial phote search tool against the state of the arl (see Chapler
3). An observational study {or usability study) is used te assess the suitability of Lhe
pholo search tool in sepporiing three common user tasks (see Chapter 4). A further
study is conducted in a more realistic selting where the searclh requirements are not
always well-defined. We gauge the utility of the search tool in supporting the three
commaon search tasks as information about 4 darget becomes less well-known {see
Chapter 6). By examining these search tools from multiple perspectives, the goal is
t gain new insights in to how to support the common search tasks. Both
quantitative and qualitative research methods are used to collect data. By using both

rescarch metheds, the aim is overcome the flaws that are inherent in cach methed,

1.7 Contributions

The first contribution ti field of TTuman Computer Interaction improves existing
knowledge on photo searching behavior by providing a number of empirically
grounded findings aboul searching behavior. One important finding is that
searching tasks rely on the ability to locate events rapidly. This research uncovers
some of the important factors that impact the way people search for events. One
sigmificant factor is the user's memuory of an event. A conceptual framework is
developed to guide future research and design, based on a thorough invesligalion of

thas factor.

The sccond area of contribution is a single photo search fool for small display

devices that is based on jterative studies of various user interface designs that has



Chapter 1
1.5 Thesis Oulline

tried to incorporate the best traits of a variety of search tools to support the commen
phote search tasks, The tool allows users o perform a query-based search by
retrieving events rather than individual photographs, This takes advantage of the
fact thal people organize photographs by events and provide descriptions for each
event. The tool also supporls two techniques for visually searching through
pholugraphs. The techniques are designed to make optimal use of the human ability
tor process viswal information eapidly. A number of algorithmes are proposed Lo
suppaort these technigues in limited environments, tackling three major limitations
with mobile devices: Jow resolution screens, varicd mpuat mechanisms, and limited
resources such as memory and processing capabilitics. A clear implementation
guide is provided for developers and pracliioners to enable them to replicate Lhese

techniques.

1.8 Thesis Outline

Figure 1.4 illustrates the thesis outline, shoswing the key research components and

the tvpes of evaluation in the blue blocks.

Chapter 2 introduces the field of Human-Computer Interaction. Tt discusses the
human factors in photo searching. It describes the linkages between two methods of
mformation access, scarching and browsing. It alsy conducts a crilical analysis of
previcus photo search tools and highlights the limitations of cuerent query-based
approaches and visual photo search approaches. [t uses framework for navigation to

describe some design implications for visual photo search tools.

Chapter 3 describes the development of a phote search tool that is designed fo
address the limitations of current tools that allow users to visually search through
photographs. The search too] supports two fechnigques that enable users to Davigate
rapidly through the photo collectiom. The first technigque 15 an adaptation of 2
navigation technique called Speed Dependant Awtemalic Zooming (SDAZ). SDAZ
has been proposed for deskiop displays as mweans of overcoming the problems
associated with navigating large information spaces. With this technique, scrolling
and zooming are inter-dependently contrelled (AnfoZeonr) via a single user aclion,

With the second technique, scrolling and zoeming are independently controlled via

&
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a single user action (MamalZoont). Both technigues are evaluated in a large scale, 72
participant usability experiment alengside a conventional thumbnait-grid image
browser, The terhniques are tested for their ability to locate events, singles and
progerties in terms of efficiency (time taken), effectiveness (accuracy) and satisfaction
(subjective workloads meastured using the NASA Task Toad Index [38]). The
experiment is carried out on a desktop computer where the viewport size for all
three interfaces is set to 24340 pixels to simulate the display of an HP h3350

Pocket PC and & mouse 15 used as a stylus surrogate.

Chapter 1 _ R

' A LN 2N
Tnteaducting Al Literature review ¢ '
HERALILE £ :

Researele Agenida Llser Mevds Atialise \ E

Chapter 7
‘Conclusion
Summary

Figure 1.4: Thesis outline, The blue blocks highlight the key research components,

describing the key gonals and Lypes of evaluation,
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1.9 Definitions

Chapter 4 describes how the photo search tool is ported to small display devices. An
observational study is conducted to identify problems with the photo search tool so
that they can be addressed to provide a better search experience in terms of
supporting users in performing the three common searching tasks. The results
enable us to obtain a broader view of the design space and allow us to gain some
insights into viable solutions. The findings from the study are used to form the

requirements for the search tool described in Chapter 6.

Chapter 5 presents a follow-up study that is used to investigate whether people
predominately organize photographs by events or by special themed categories. The
study also assesses the composition of the annotations that are associated with these
picture groupings. The motivation for this study is to clarify some of the
observations from the study in Chapter 4. The findings in this study provide an
empirical foundation for the query-based search component of the search tool in

Chapter 6.

Chapter 6 discusses the design, implementation and evaluation of a photo search
tool that integrates multiple methods (Keyword search, Timeline filter, Timeline
browser, Hierarchical folder-based browser and two Visual search techniques) around
events. The design rational for this search tool is based on the observations and
design implications that are presented in Chapter 4. The results from the study are
used to develop a conceptual framework to guide the design of future interfaces

based on the amount of information that is known about at event.

Chapter 7 reflects on the major findings and relates them back to our research

question. It then goes on to discuss possible directions for further work.

1.9 Definitions

The terminology for photo search research is broad and varied among technical

disciplines. For this thesis, we define the following terms:

11
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1.9 Definitions

* Browsing: This refers to the process of seeking information when the

requirements are not well defined. It requires exposure to the information.

*  Searching: This refers to the process of seeking information when the search
requirements are well defined and can be specified precisely. It can be

accomplished by using a query to directly access the data.

e Small screen device: This refers to a device that has a low resolution screen,
such as a mobile phone or PDA. The term small screen device is used
interchangeably with PDA, handheld, mobile device and mobile phone.
Table 1.1 shows how current small screen devices have much lower
resolution screens in comparison to laptop computers or standard desktop
displays. The screen resolutions are compared by reading across a device
row to a device column. For example, a Motorola KRZR’s screen resolution
is equivalent to 1% of the resolution provided by the HP LP3065 LCD

Monitor.

Comparative resolution of devices (%)
@ P
o £ S
> S 2 2 5
N4 > ] o =
I = £ 4
E 2 B 5 s
= QL
2 3 g o] =
e ks o <] o
2> =B < =2 jos
A | Motorola KRZR
100 50 25 2 1
Resolution: 176x220 pixels
B | BlackBerry Curve
198 100 50 4 2
Resolution: 320x240
C | AppleiPhone
397 200 100 9 4
Resolution: 480x320
D | MacBook Pro, 17-inch
4556 2297 1148 100 43
Resolution: 1680x 1050
E | HP LP3065 LCD Monitor
10579 5333 2667 232 100
Resolution: 2560x1600

Table 1.1: Comparative screen resolutions for a selection of common computing devices
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1.10 Delimitations

e Visual photo search technique: This refers to a search tool where users search
for a target by looking through the images in a photo collection. One

example is a thumbnail-grid browser.

1.10 Delimitations

The research presented in this thesis is delimited by the photo collection type (i.e.
personal photography) and the application domain (i.e. small screen device). The
focus is on supporting active searching as opposed to passive searching; where
users have to actively acquire information (by searching and browsing) as opposed

to passively absorbing information (by monitoring or simply by being aware).

1.11 Summary

This chapter laid the foundations for the thesis. It introduced the research problem
and the research questions. The research was then justified, the methodology was
discussed, the contributions were described, the structure of the thesis was outlined,

the definitions were presented and the delimitations were highlighted.

13
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Literature review

2.1 Human Computer Interaction

The field of Human-Computer Interaction (HCI) is a multi-disciplinary field that
draws from computer science, physiology, anthropology, sociology, industrial
design, ergonomics and linguistics. Its goal is to facilitate the design, evaluation and
implementation of iterative computing systems that satisfy the needs of users [47].

According to Boardman [12],

“A key aim of HCI research is to provide a knowledge base to guide the design of interactive
systems. The output of HCI research includes two types of knowledge: substantive, and
methodological. Substantive knowledge documents the results of research and may include
experimental accounts, the designs of interactive systems and techniques, and models and
theories of user behavior. Methodological contributions offer guidance for future research

and design in terms of heuristics, tools and methods.”

There are two main approaches for identifying user needs and developing design
guidelines. The first approach involves modeling user behavior when interacting
with a system. These cognitive models can also be used to predict user behavior.
One notable example is Card et al’s [15] GOMS (Goals, Operators, Methods and
Selection rules) model. During tasks analysis, GOMS can be used to determine rules
for selecting methods and operations that a user is likely to perform to achieve a
goal. Carroll and Campbell [18] have criticized this approach saying that it is too
low level, too limited in scope, used too late to influence design and too difficult to
apply. Some of these problems stem from the fact that GOMS attempts to predict
user behavior by assuming that it remains constant while using a computer system.
It is not so straight forward to predict user behavior as it is often shaped by pre-
existing mental models [39]. These mental models are not static but are continuously

developed during the course of action [92]. Many researchers have proposed

14
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extensions to GOMS to address these problems. John and Kieras [54][55] discuss
some of these methods and provide guidance to practitioners about which GOMS

variant to use for different design situations.

Possibilities

Requirements

Figure 2.1: The Task-Artifact cycle.

The second approach develops an understanding of user behavior by considering
the tools (or artifacts) that are used in an activity and the tasks that users engage in.
The task-artifact cycle [17] in Figure 2.1 illustrates this process. The tasks that users
engage in define the requirements for an artifact. In turn, this artifact opens up new
possibilities for human activities, offering alternative ways to perform familiar
activities and enabling new activities as well. These new activities evolve into
requirements for the redesign of an artifact. Essentially, the task-artifact cycle is a
continuous process of mutually dependent development between a task and an

artifact, aimed at reaching an optimal state.

Donald Norman [93][94] emphasizes the need to center the design process around
users as they are the ones that use artifacts to accomplish a task. This design
philosophy is known as User-Centered Design. Users are involved throughout the
design process. An iterative design process is used to obtain user feedback
throughout the design and development of an artifact (or system). There are four

essential stages: requirements gathering, design, prototyping and evaluation.

15



Chapter 2

2.2 Human factors in photo searching

At the beginning of the design cycle, the goal is to understand user needs and
expectations. A variety of methods such as field studies, focus groups, dairy studies,
interviews, or questionnaires can be used to obtain user needs. Based on these initial
requirements, low fidelity prototypes are then developed and evaluated. User
evaluations and feedback are crucial at this early stage as they allow users to get a
better understanding of the system. User needs or requirements that are missed
during the initial user needs analysis will often emerge through this process [1]. As
the design cycle progresses, higher fidelity prototypes are developed and can be
evaluated with more measurable usability criteria such as efficiency, effectiveness
and satisfaction. There are generally two approaches to usability evaluation;
inspection methods and usability testing. Inspection methods assess the artifact (or
system) with out involving users directly [88]. Some examples are heuristic
evaluation, cognitive walkthrough and GOMS [31]. Usability testing on the other
hand is centered on users and assesses how real users interact with software [88].
The most common techniques are experimental methods, observational methods
and query methods [31]. A number of researchers have compared these approaches
to evaluation [30][59]. Critical assessments of usability practice can also be found in
these papers [14][72]. In addition, Norman [91] and Shneiderman [113] suggest a
series of principles that can be used to guide design. Nielsen [88] has developed a
practical set of heuristics for usability testing. Hix and Hartson [48] have outlined a

practical guide for applying a user-centered design methodology.

A number of studies have reviewed Mobile HCI research methods [10][64]. A key
challenge has been how to evaluate mobile systems given that the context is
constantly changing [63]. Some researchers have proposed novel solutions for
imitating or recreating the context in laboratory settings. For example, by evaluating

a mobile system while being simultaneously engaged in a cognitive activity [97].

2.2 Human factors in photo searching

Numerous studies [52][61][67](74][123] have discussed how the mobile phone has
changed the nature of photography, impacting end-user experiences, expectations
and needs. The increased mobility has lead to people taking pictures in situation

where they would not have had a digital or film-based camera. The ability to share
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photographs via MMS or email has enhanced the communicative nature of
photographs. Photography has become a social event that is centered on gatherings
and having fun [62]. The connection to other people and the capability to entertain
them are ends in themselves, where as the utility of the image is often of secondary
importance [68]. This interaction is best understood using the classical formulations
of sociability, as Simmel [116] explains, “Sociability is interaction that has no
external purpose: it is its own goal...Being autotelic, it is very close to games, play
and art...The essence of sociability is in the entertainment: the joy an individual gets
is fundamentally based on other people also enjoying the interaction. As such,
sociability is first and foremost about leisurely conversation, telling jokes and

anecdotes.”

Social Individual
Mutual Experience 103 | Absent Friends or 63 Personal 120
Images used to enrich | 35% | Family 21% | Reflection. 41%
a shared, co-present Images used to Images used for
Affective experience (either in communicate with personal reflection
the moment or later as absent friends or or reminiscing.
a memento) family (either in the

moment or later)

Mutual Task 11 Remote Task. 28 Personal Tasks. 29

Images shared with 4% Images used to help 8% | Images used to 10%

people co-present in accomplish a task by support some
Functional support of a task sharing with remote future task not

(either in the moment family, friends or involving sharing.

or after the event) colleagues (either in

the moment or later)

Table 2.1: A taxonomy of reasons for image capture [61]

Davis and Van House [123] delineate the social uses of personal mobile
photography into five major categories: creating and maintaining social relations,
constructing personal and group memory, self-presentation, self-expression,
functional and social documentary. Kindberg and et al. [61] present an alternative
taxonomy that delineates the reasons for capturing images on a camera phone into
two dimensions (see Table 2.1). The first dimension delineates images according to

whether they were captured for affective (sentimental or emotional) verses
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functional (practical or pragmatic) reasons. The second dimension delineates images
according to social (sharing with others) verses individual (personal use) intentions.
The social category is sub-divided in two, depending on whether images are shared
with people that are physically co-present at the time of capture. In total, their
taxonomy has six categories, three affective categories: Personal Reflection (41%),
Mutual Experience (35%), Absent Friends or Family (21%), and three functional
categories: Personal Task (10%), Remote Task (8%) and Mutual Task (4%).

These categories show that although camera phones enable new activities, they do
not supplant the traditional activities around photography, such as reminiscing and
storytelling. Both these activities are relatively common. In fact, the single biggest
category is personal reflection (or reminiscing). When assessing the nature of the
images across categories, Kindberg et al. [61] found that people often capture
images with their camera phones in places where they often have conventional
cameras with them, such as at home, at weddings, or on planned trips. Although,
just as many pictures were captured in places where people typically do not have
cameras, such as at work or school, in social venues such as pubs and restaurants, or
when “out and about,” they found that these images did not have a lasting value as
they often depict unconventional subjects, which are captured spontaneously for
reasons such as amusement, experimentation or curiosity. The more conventional
pictures are likely to make up the bulk of the photo collection as these are ones users
attach more value to and want to store long term on the mobile device [61]. The new
activities introduced by factors such as increased mobility do not have a major
impact on this research, as they are more spontaneous in nature, requiring pictures
that are captured in the moment. The challenge is in supporting the more traditional
activities such as reminiscing which require users to locate older photographs [34],
taking into consideration the limitations of current mobile devices such as low
resolution screens, varied input mechanisms and limited resources in terms of
memory and processing power. Locating older images is not so straight forward as
the familiarity of the pictures tends to decay over time. Users are less likely to recall

the precise date, the location or even the identities of people in photographs [106].
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In a six month study on how people manage their digital photographs Rodden and
Wood [105] found that when searching through old personal photographs people
are most likely to look for events (a set of photographs relating to a particular well
defined event); singles (an individual remembered photograph), or properties (a set of
photographs with a common theme). These search tasks are performed irrespective
of the reason for searching [105]. For example, to show pictures of previous trip, you
need to be able to locate the event; to print a picture, you need to be able to locate a
single; to create a collage of a particular person, you need to find a set of pictures of

the person (with common property being the person).

As part of the same study, Rodden and Wood [105] wanted to find out the type of
features that are commonly used in a digital photo organizer. They developed a
system with many features such as audio and text annotation for playback, and
content-based image searching. However, users took little advantage of them,
emphasizing the utility of two core facilities found in many commercial photo
browsers: chronological arrangement and browsable thumbnails. There are three
possible reasons for these user preferences: chronological information access is
natural for users as shown in the context of email [133] and personal information
spaces [70]; users shy away from the computationally expensive content-based
image searches, choosing to exploit the human visual system to rapidly scan and
process a grid of thumbnails; and, finally, these schemes do not require user effort,

like manual annotation, in organizing or pre-processing images.

2.3 Information Access

Broadly speaking, there are two types of information seeking strategies; searching
and browsing. When the search requirements are well defined and can be specified
precisely, querying provides an efficient way to directly access the data. When the
search requirements cannot be expressed precisely, browsing provides an
alternative search strategy where users are spared from the difficultly of having to
specify a query and can let their search requirements evolve as they browse through
the collection. Of course, there is a cost incurred in the amount of time and effort

required to browse through the collection until the requirements are met.
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Searching and browsing are not mutually exclusive. In fact, the two are intricately
linked. Rodden [106] points out that ‘there are times when the user might browse
through a document to satisfy a requirement, as an alternative to issuing a query.
For example, when search requirements are difficult to express’. Likewise, when
browsing, it is possible for a search to become more directed as users learn and

discover new information. As Cutting and his colleagues [24] explain,

“Access to a document in fact covers an entire spectrum: at one end is a narrowly specified
search for a particular document, giving something as specific as a title; at the other end is a
browsing session with no well defined goal, satisfying a need to learn more about the
document collection. It is common for a session to move across the spectrum, from browsing
to search; the user starts with a partially defined goal which is defined as he founds out more

about the document collection”

In fact, a study by Bates [7] shows that retrieval strategies are constantly evolving.
As the requirements change, users will naturally migrate from one strategy to the
other. A plausible intermediary step might be one that combines both search and
browsing such as rough searching (which is similar to how people work with search
engines like Google). Even when the search requirements cannot be expressed
precisely, a query can still be used to reduce the search space to a sensible size. This
makes the task of browsing easier as users do not have to sift through the whole

photo collection to locate a target.

Chiaramella [19] points out that although a search can provide rapid access to
content, it requires a great deal of expertise from the user as they have to master the
query language and indexing language. A poor understanding of either is likely to
lead to poor results (in terms of precision and recall). Another problem is that users
can only view a single set of results at a time. This makes it difficult for the user to
infer how previous searches are related to the current one. To construct new queries
based on previous results, users are required to memorize information about
previous queries and results. This increases the cognitive load on the user. Many of
these problems can be overcome by using a browsing-based information retrieval

system. These systems require less expertise from the user. They also allow users to
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interactively access any document in the collection, using predefined access links.
The transition from one node to another is based on a proper pre-existing link
between the two nodes. However, extensive browsing does have its limitations. It
can be time consuming to search large collections, especially when a trial and error
search strategy is used. In large collections, another problem can be orientation. The
system must ensure that some form of context is maintained. Chiaramella concludes
that when considering searching and browsing in terms of cognitive load, bounded
or free access to documents and orientation it is evident that they are quite

complementary.

2.3.1 Supporting photo search via query-based solutions

The most widely used information seeking tools are web-based search engines such
as Google!, Yahoo? or MSN? [137]. These systems are able to automatically index
documents by extracting keywords from each document. Each unique word is then
linked to each document containing it and is given a relevance rank according to a
number of factors such as the frequency with it appears in each document and in the
collection as a whole. User search terms are then matched against the index,
returning the most relevant documents. However, this strategy is less effective for
images as ‘they do not contain units, like words, that are both meaningful and easy

to extract’ [106].

Image retrieval systems such as Google Images or Flickr! rely on manually
annotated data, supplementary text, URLs or filenames to index photographs.
However, the search results are not as impressive as those produced by traditional
text-based information retrieval systems [53]. A reason for this is that most images
on the web do not have structured metadata to describe their content. Any metadata

that exists is often inaccurate or incomplete. With personal photography the

! Google: http://www.google.com
2 Yahoo: http:/ /www.yahoo.com
3 MSN: http:/ /www.msn.com

+ Flickr: http://www flickr.com
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contextual metadata is even more sparse [105][106]. Studies have shown that people
do not annotate photographs because the benefits of doing so are not always clear
[106]{111]. Often the annotation task is separate from the tasks that demonstrate the
benefit of the metadata [111]. Researchers [38][40][99] often have to rely on lower
level metadata, such as EXIF data which encodes the date, time, camera settings, a

thumbnail and the location information if it supported by the camera.

Given the rarity of manual annotation, the bulk of research has focused on more
automated methods [62]. Instead of relying on textual metadata, content-based
image retrieval systems (CBIR) are able to automatically extract and index image
content. Similarity comparisons are conducted by comparing features from each
image. The most common features are colors, textures and shapes. These belong to
the primitive level [106]. Higher level features are closer to user requirements. These
belong to the logical and abstract levels. Logical features have to do with the
identity of the objects shown on an image, while abstract attributes denote the
significance of scenes depicted [106]. Image similarity is usually based on primitive
level features such as color. This method is very effective for returning visually
similar results such as sunsets. However, people expect similar images to be
grouped based on semantic properties, rather than primitive level ones [105].
Unfortunately, content-based retrieval systems are unable to identify and interpret
high level features [106][107]. This disparity that exists between the low level
features that can be parsed and the semantically meaning descriptions that users
want is often called the semantic gap. Although many researchers have attempted
to bridge the semantic gap, ‘the meaningful identification and interpretation of
images remains an Al-complete problem, to which there is no solution in the

foreseeable future’ [105][106].

Davis and his colleagues [27][131] have tried to overcome this problem by
incorporating user feedback in a semi-automated annotation process (see Figure
2.2). Based on the contextual metadata from a cameraphone (e.g. time, location and
user name) and the similarity of previously inserted metadata on the server, the
system suggests appropriate metadata at the time of capture. Users then have three

options: they can accept suggested metadata with a single click or select more
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appropriate metadata from a list of recommended options or even inpul new
metadata. By incorperaling users in the annotation process the goal is to attach
more semantically meaningiul meladala to images. bn a study involving 40
purticipants over 4 4 month period they found thal users would only input
annotations for a few favored images [131]. They also noted that people would have
liked to attach labels to groups of related tmages. This is incredibly important given
that this is an activity that users naturally engage in [62]. People tend to think of
their photographs i terms of events 62][105]. Unfortunately, this was not
emphasized in the system design. Furthermore, the system is reliant on retatively
consistent annotation practices belween multiple users. This is problematic because

annotations tend o be personal. As Rodden J105][106] eloquenily describes,

“The anaotations wifl alwaps reflect Hie subjective fudgment and prioe knowledse of the
ganotatur, which way nof be shaved by those scarching the collection. Ty particular,
interpretation of the mood or fecling evvked by the fmage i (ikely to be highly subjective.
Dhfferent people notice different things abont the content of an bmage, and have diffevent
gpinivrs abont whit the most fmporfant defails wwe . Also I is undikely that foo paople
iwowld spontateousiy wse the same term Lo describe @ given concept. D1 fact, it 15 kel that

aunotations made b e saire person wlll be inconsisient between digges.”
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Figure 2.2: An overview ol the Mobile Media Meladala (IMMM) sysiem which

incorporates user feedback in a semi-avtomated annotalion process. [131]
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There are olhcr annotation approsches. One particularty innovalive approach
propesed by Kang and Shneiderman [58] allows users to simply drag and drop
annutations an Lo one or mote pholegraphs. For example, by draggring a number of
contacts on o a photograph o indicale whe is in the picture. Plowever, no user
sludies have beoen conducted to see whether this approach motivales users lo

annolale the bulk of their photographs.

Several other allempls using audie annotation [36[[106] have been made to selve
this problem but ullimalely their uplake has been poor, duc to the usability issues
associated with complex or novel user inlerfaces and also the fact that most users

simply do not wish to change the way they work,

2,3.2 Supporting photo search via clustering and visual solutions

Many commercial phote management tools provide mechanisms for pavigating
through a phote collection {e.g, a [lal scrollable thumbnail-grid browser. Search
tools that allow users to browse lhrough the photo collection are versatile in

supporting a range of user needs. s Korn explams,

“Browsing 1= wsefnl aml fmpovkant in mformation retrieval. While queries are powerful
inethods for specific seavches, they are ot useful fo the wser when the information sought Is
vagte and ifi-furmed o when the wser can only describe it i e right context, Often the
wser, Defng waaivcare af the ditubuse structure, has s ddea siether The search tevnr has an
gppropiite scope. Browsing on the otlier and 18 more exploratory and siteeactive and
allows wsers tu wpphy recoguition skills to saatch farget concepls rather than recalling specific
itevns. Depending on the task at land, browsing can take on a range of different

frnctions, fron specific to purposefnl to serendipitons.” [bo]

Two phoeto search ool design approaches that have been used o support users
when browsing  Lhrough thor photographs are clustering and  visualization,
Cluslering lechnigues group images into various calegorics by imposing a top level
structure on Lhe data. Visualization techniques cnable users to visually search

theough images in the photo collection, Yisual photo search technigues display
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imagus in various configurations and provide controls for navigating thtough the

photo collection.

Clustering

The Timeline browser [344] is an example ol a system that automatically clusters
photographs into a hierarchical time-based struclure {see Figure 2.3). [ has threc
views: a year view, a month view and a thumbnail view, The pholographs are
autematically placed mte svetern generated clusters {or albums). Tapping on an
album epables you to drill dowp nte a finer time range, untl the thumbnail view is

displayed.

Figure 2.53: Timeline browser showing the vear view (left), four manth view tmiddle) and

the thumbnail view (right) |34

The Timeline browser was compared against a standard thumbnail browser [44].
Participands were asked fo locate individual photographs and also find some
pictures for a collage. They found po signiticent differences between the two
svsterns in terms of the time taken o complete the tasks. There were also no
significant differences between anv of the subjective measures. Thev did, however,
find that users were able to complete tasks more successtutly with the Timeline
browser. One plausible explanation for the relative lack of performance and poor
subjective ratings ts that the overall design of the Timeline browser over looks the

fact thit cvents are most vatural way of thinking sbout photographs [62][105].
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'hotographs naturally cluster around events. However, these natural event dusters
cun et broken up mto multiple time-based clusters. When looking at a time-based
cluster it is not Immediately obvious which events it contains.  n addition, the
added difficulty of having to navigate in and out of artificially ercated clusters can

increase the cognitive load on the user.

Other approaches automatically custer photographs into evenls based on visual
patterns [99]. This is alse probiematic because the definition of an evenl is very
subjective. It is unlikely that these event clusters will always malch what people

perceive Lo be an event. Any mismatel is likely to complicate navigation.

Fipure 2.4 Organizing images according to visual similarity with averlapping (lefth, no

over lapping tmiddle), and maximizing thumbnail size (right) 1107 ]

Rodden amd her colleagues [107] have locked in to clustering pictures according to
vizual similarity (see Figure 2.4). They concede Lhat to dluster images according to
their semantic similarities requires meaningful feature-based exlraction and
identification which has vet to be solved convincingly by Al research. Furthermore,
this technique will not scale as a photo collection grows in size as it relies on
showing all the pictures at onee. This is more significant on handbeld devices where

only a few photographs can be shown al a ime.

Photographs have also been clustered by localion [6][86]. Kirk and his colleagues
[62] question the need for such an appreach. In lheir sludy they observed that

people organize photographs inte folders according Lo events. Each folder is often

2
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labeled with a meaningful descriplion and date, both of which users are heavily
reliant on this infomation when searching their photo collection. "The fact that
users do this naturally casts doubt o the need for photo grouping algurithims which
are being developed to cluster pictures using GI'S data, as grouping by time and
evenl also lends o group by location as a by-product’ [62], Furthermore, the
location of the pholographer can differ by several kilometers from Lhe lncation of the
photographed  subject [26], There are also technological problems. The cell
information from a cameraphone is not precise. Although CFS is more precise, i is
unreliable indoors. GPS enabled cameras are also nol wide-spread. That said,

localion information can still be helpful tor distinguishing events,

Figure 2.5: Three views of Pocket PhotoMesa browser at different soom tevels [65].

Bederson and Khella [65] provide a visually appesling solution that vses quantum
treemaps to display categories of images in the most screen efficient way (see Figtire
25) Quantum treemaps are a varialion of exising treemaps algorithms that are
designed for laying out images or other objects of indivisible {quantiun] size. The
problem wilh existing treemap algorithms is that they all return regions of arbitrary
aspect ratios. Quantum treemaps guarantee that the regions that show groups of
photos have dimensions that are integer multiples of the dimensions of the photos.
This minimizes Lhe amount of space that s wasted im esch region. By detault, he

Pocket PhotoMesa browser clusters images according Lo directories, 1t can also be
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configured 1o cluster images according to other user defined metadata. The
thumbinail size is adjusted accordingly so lhat all the photographs can be shown
concurtently. When a category is selected, the view is simoothly animated in to one
of several predefined coom levels. When a thumbnail is selected the image is
smeoothly animated in to fill the sereen. The user can zoom in further lo view

portions of the image or pan around the image.

In a user study the Pocket PhotoMesa browser was nol able 1o locate images any
faster than the bascline browser (Pocket ACDSeel, a comumercial Lhumbmnail
browser). k did however score higher in the subjective ratings, mainly due lo the
simoolh animation and the treemap lavout. The authors concede that this selulion is
perhaps betler suited for navigating and exploring rather than locating, The fact thal
users had difliculties recognizing thumbmails when 75 images where shown
comcurrently suggests lhat this technigque is unsuitable for image collections that are

any Targer thian Hiis.

Visualization

Given the scalability problem of displaying images concurrently on a handheld
device, ome solution is o trade off space for time, by showing portions of the photo
codlectiom over a period of time. Special controls allow users to search through Lhe
contents, by enabling them ic navigate through the photo collection. An example of
such a technigue is Rapid Serial Visual Presentation (RSVE) [119], where the most
common analogy is that of riffling through a book where momentarily sesing each
page allows you to assess the content. Other presenlation modes allow images to be

displayed al several fixed locations on the screen [118].

Apple's iPod Photo [4] provides a photo search solution for rapidly scrolling
through photographs, I overcomes the sereen size limitations by Wading space [or
time Onee an album is selected, the photographs are displaved In a 5x3 grid of

thumbnails (see Figure 2.6]. A thumbnail can be enlarged to fill the screen. The jog-

Mitped Swwew sobt32com dowe nload _1 5051 him]
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wheel is used to rapidly scroll through the thumbnails. It can also be used the

rapidly scroll through full sized images,

Figure 2 6: iPod Photo (left), close up of the screen (right)

Marsden and Jones [36] express disappointment with the lack of smooth transitions
between the two presentation maodes (the thumbnail view and the full-sized image
view} to maintain the context. Another concern is that the thumbnails are too small
tr let vou lel you distinguish variations of the same shot. For example, a series of
pictlires that are taken with a camera’s rapid shol feature, The Jack of mtermediaty

lhumbnail sizes makes it is ditficult to compare neighboring photographs.

Detthick [29] ran a number of sludies lo investigale the effectivencss of parallel
presentation (showing a grid of thumbnails) versus serial presentation (showing a
single image) using two control modalitics, scrolling and RSVP. He developed four
interfaces: parallel presentation using scrolling {P5), parallel presentation using
RSVE, serial presentation using scralling (55) and serial presenlation using RSV
He found that the PS technique was significantly faster than 55 technique at locating

a target image from g collection of 200, However, there were no other significant
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differences, Interestingly, his participants preferred scrolling inlerfaces (o the RSV

anes, They also preferred serial presenlalions over parallel presenlations.

Mixed Slide show

Vigure 2.7; Three schematic RSV presentation modes [118].

Spence and his colleagues [118] conducted a much more rigorous experimental
study 1o identify Lhe best presentalion mode for displaving images (see Figure 2.7).
They created three modes: stafic {showing 16 images concurrently), srived {shovwing
4 Images concurrenlly) and sfideshionr (showing a single image at a ime). The
presentation time was dependent on the number of images shown concurrently. For
example, if the duration for a single image was 100ms, the sfafic mode was
displaved for 1.6 seconds, the mixed for 400ms and the sfideshow for 10ms. For each
presentation mode, users were required lo locate a single larget image from a
collection of 64, shown at four different presentation rates, using three difterenl
screen sizes {simulating a desktop computer screen, a 'DA screen and a mobile
phone screen). In their study, users found it difficult to identify images that were
displaved for less than 100ms. They found the stidesitow mode particularly difficult
when the presentation time was less than 100ms. Cheratl, the miived mode was the

least ervor prone. it was also the mest preterred mode.

il
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Figure 2.8: (A} Thasmbnafl layout, (B) Flip-zooniug lavout, (C) photos animate along the
“Z" shaped motion path. The drawn-in path in the figure is not visible on the aclual

interface, and {1 the R5VE layout [125L

Wang and his colleagues [128] recently conducted a study to find the optimal
combination between presentation modes and physical control modalities, They
developed a total of nine different visual photo search loels consisting of three

presentation medes and three control modalities {sce Figure 281 The three

I
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presenlation modes were a tradilional Thumbaed! Tayvout, a FlipZoos laveut and an
R5VF lavoul showing a single image at a lime. The three physical control modalities

were a jog-dial, a squeeze sensor and a click-based on-screen conttrol,

They developed a model 1o categorize the search tools according to Cogrition and
Masripuinlion {see Figuse 291 Cognifion refers to how well the user is able to
comprehend what is on the disptay. Manipulafion refers to how effectively the user

15 able to manipulate the control modality.

Cognition Manipulation
Sense of clace Control-eFect cougling
Thesbnal Click
b

/'?" & Flipzoom & |og
i RSVF Sgueeze
/ R / P>
Attention focus Transport sceed

Figuee 2.9: Cognition-Manipulation [ramework. Ceguition refers lo how well the user is
able to comprebend what is on Lhe displavy. Manipulafion refers o how effeclively the

user 15 able ta manipulate the condral modality [125].

Tnn terns of Coeguition, they focus on {wo faclors thal are important for image
searching: the user’s sense of place {context} and the degree of attention fuous an
interface elicits. The [ fmmbigid layvout provides significant sense of place: however
the viewer is required Lo split his attention across the entire screen. The RaVP laveut
allows the user to examine a single photograph almaost immediately, aliowing a high
altention focus at the expense of context (or sense of placet. The HpZoom layoul is a

compromise between the two.
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In terms of Manipulation they focus on two factors; the transport speed and the
control-effect coupling. The squeeze modality allows the user to scroll through the
images at various user controlled speeds. It also has the loosest coupling, since it
provides the most indirect control, mapping the pressure exerted on the sensor to
the scroll speed. With the click modality users have to explicitly click a “next” or
“previous” button to scroll through a photo collection. The transport speed is also
limited by the users tapping ability. The click modality has a high control effect
coupling as each click advances photos by one unit. The jog-dial modality provides a
compromise between the two. Its on/off nature allows it to be mapped to scroll
speeds the average user can follow. One limitation is that users cannot accelerate to
rapidly scroll through irrelevant pictures or decelerate when approaching more
relevant pictures. In terms of control-effect coupling, it is placed between the two
extremities. It is less coupled than the click modality as you can hold the jog-dial in
the up or down position, allowing scrolling to continue without any further user

input. It is more coupled than the squeeze modality because of its on/off nature.

For both Cognition and Manipulation, a high value on either axis is desirable.
However, they are mutually conflicting. For example, a high attention focus
requires sacrifices in sense of place. Similarly, high transport speeds can lead to a
feeling of less control. The interaction between Cognition and Manipulation is equally
important to consider and understand. For example, the Thumbnail modality is best
coupled with a lower transport speed, due to its low attention focus and resulting
absorption delays, whereas the RSVP modality is likely to require a higher transport

speed.

To investigate all these issues, Wang and his colleagues [128] conducted a multi-
factor experiment. They found no significant differences between the three
presentation modes in terms of the time taken to locate photographs and the success
rate in completing tasks. The RSVP layout was the most preferred presentation
mode. Participants felt that it had the most appropriate photo size. Overall, the Jog-
dial modality performed the best. This result was somewhat surprising for the
authors as they expected the Squeeze modality to out-perform the rest. The Squeeze

modality was actually perceived to be the least reliable due to this dynamic control.
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The authors felt that this was due to the pressure sensor being too sensitive.
Consequently users would frequently overshoot target photographs. In terms of
their model, they suspect that the control-effect coupling for the Sgueeze modality is
currently not tight enough. However, the authors concede that it would be difficult
to find a single operating parameter to suit all users. They recommend the need to

personalize the slope of the pressure/speed function automatically.

All these studies point to the need for dynamic control of the presentation mode and
the control modality. Spence and his colleagues [118] found that the Mixed
presentation mode (showing a few large images) was the least error prone and the
most preferred mode. This is because it provides the best compromise between
context and detail. In the Slideshow mode (detail view), it is difficult to compare
adjacent images as only a single image is shown at a time. It is not surprising that
this mode was the most error prone as it suffers from a lack of context. In the Fixed
mode (thumbnail view), photographs are too small to distinguish features between
similar photographs. Ideally users should be able to adjust the level of detail that is
shown to suit their informational needs. Similarly, in Derthick’s study [29] users
preferred scrolling to RSVP. The scrolling interface allowed more dynamic control,
enabling users to rapidly navigate towards a target photo and slow down on
reaching neighboring images, whereas with the RSVP interface a constant
presentation rate was maintained. Providing dynamic control of the presentation
rate is not enough. Wang and his colleagues point out the need to automatically

customize controls to suit user needs.

2.4 Designing visual photo search tools for small screen devices

The discussion on visual photo search tools thus far has focused on presentation
modes and control modalities. It is also important to consider the cognitive
processes and activities users are engaged in when navigating through a photo

collection.

2.4.1 A framework for navigation

Several researchers [8][120][130] have proposed general frameworks for

decomposing navigational tasks into their constituent parts. Spence’s model [120] is
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applicable to a whole range of navigation tasks. His framework decomposes
navigation into four cognitive activities: scarching and browsing; formation of the
internal model; interpretation of the internal model and formation of a retrieval
strategy (see Figure 2,10} Together, these stages fonn a single cycle of an iterative

navigatiom process.

Figure 2.10; Spence’s framework far navigation [28]

In the browsing stage, a user Iopks through the content o see what is there. In the
tedel stage, content acquired by browsing is used in the formation of an imternal
model {cognitive map). In the interpretation stage, the internal model s used to
decide whether the goal had been reached or whether the browsing strategy should
be revised. In the formulale 7 browsing strategy stage, the browsing strategy is revised
and a new direclion for browsing is chosen. This process can be cognitive {driven by

the interpretation of a new ideaj or pereeptual (influenced by what is displaved).

De Bruijn and Spence [28] used this framework to investigate the consequences of
the space-tune trade-off for information transter. Thelr primary focus was on the

first two stages of the framework (searching and browsing, and the formation of an

internal model) as these stages have the biggest impact on the usability of a
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navigation-based technique. They state that the limiting factor for techniques thal
irade-off space for time is the human visual systen, as there is a lower limil for
presentation time bevend wihich an itern cannol be processed fully, This limit is net
tixed, but depends largely on the nalure of the task Designing an effeclive

navigatien lechnique requires caretful consideration of this factor,

2.4.2 Design implications for searching

For sparching, when the target images are known, the visual system may perform
attentional sclection, where potential targets are processed more fully than others in
the stream [107]1115]. This means that when locating a target image the presenlation
tirae can be much less than the total time needed to process cach image fully [28]
The search time depends on whether the allentional selection takes place based on
visual cues (e.g. the appearance is known) or categorical cues {e.g. searching based
on a description), as selection based on visual cues can take place at higher

presentation rales than selection based on categorical cues [28].

Personal photographs are often caplured in bursts {40]. The timne difference between
photographs in a burst (or cluster) tends to be smaller than the time difference
between clusters [40]. Rodden and Wood observed that photographs that taken at
the same time are often visually similar [87]. These features can be exploited to
allow higher presentation rates by giving the llusion of a moving coberent scene as
i cinema [25] This means that each image does not need to be processed fully as
additional information requirements can be obtained from subsequent frames [122],
However, it adjacent limages are not similar, maintaining the same rate will resull in

images not being fully resolved.

If the wser i1s searching for multiple items, the identification of one may interfere
with the identification of subsequent targets [13]. This phenomenon is known as the
attentional blink [L01], It Tasts (or several hundred milliseconds after the
identification of the first targel [101]. The consequence of Lhis is that subsequent
targets may not be processed fully. For example, if a larget image appears close 1o a
landmark, the identification of the landmark image may interfere with the

identification of the target image [28].
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2.4.3 Design implications for browsing

When browsing, users slarl with a pariially defined geal and look through the
content to see whal is there. As they acquire more information by browsing, Spence
[28] motes that an internal model is formed and refined theough an iterative
tavigation process. The overall objective is to define the goal and then locate the
target. Fo assist wsers in the formation of an internat model the user must be able to
process and store information on cach image. Therefure the effectivencss of a
navigation technique is also dependent on how well users can recall items in an
information stream. lThe ability to memerize items is dependent on factors such as
the simiarity of photographs and the presendation time [28]. As the presentation
lime decreases the ability to memorize ilems diminishes dramalically, {rom very
goad when the presentation time is set to 3 seconds to very poor when the
presentation time is only 100ms ]51]. This suggests that not more than 10 images

should be shown each second.

However, there are number of studies that suggrest thal moere informalion abeout
individual items in a stream is being processed than is apparenl from user
performance in memory recognition tests [28][77][122]. It may be the case that
sufficient information is processed to create an internal model of the content, even
though individual items are not fully processed. These findings are supported by
Tse and his colleagues [122], whe found that users are able to determine the gist of
videos after being shown key frames at a presenlation rate of 16 frames pet second
using RSV, However, their recall of individual frames was poor. Furthermore,
Marcel [77] reports that when showing infurmation for a brief period, more

intormation is available than what can be reported by the observer.

2.5 Stmnmary

Sectiom 2.1 intreduces the tield of Human-Computer Interaction. Section 2.2
discusses the human factors in phote searching. Section 2.3 discusses the linkages
between two methods of intonmation access, scarching and browsing. 1b also

condacts a critical analysis of current photo search solutions, Section 2.4 uses

framework lor navigation tn describe some destgn implications for photo search
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tools. This section reviews the background lileralure and discusses the course of

research that is follosved.

This chapter highlights a number of user needs and the mability of currents systems
fo support them. When searching for photographs, people are likely to look for
cvints, singles and properfies [105]. Depending on how well-defined the search
requirementls are, they might elect to search or browse. When the search
requirements can be specitied  precisely, searching {or querying) provides an
ctficient way to dircctly access the data. When the search requirements comnot be
exprossed precisely, browsing provides an alkermative scarch strategy where users
are spared from the difticultly of having to specity a query and can fet their search
requitements evolve as they browse through the colleclion. Scarching selutions
have been relalively unsuccessful due to the lack of meaningful meladala for cach
image. Browsing solutions on the other band do mot rely on user annotations, They
make use of human visual svstems ability to process visual information guickly.
However, current browsing solutions are not flexible enough to automalically adjust
the presentation mode or the presentation rate to mect user needs and do not make

optimal use of the huwman visual syslen,

The foltowing chaplers address Lhe atlributes of scarching and browsing that are not
well supporled for photo scarch, In Chapler 3, a search lool s developed to address
the limilalions of carrent visual phote search lools on smadl display devices such as
the lack of flexibility in comfiguring the presentation mode and the lack of dynamic
comtrol of the presentation rate. Two different technigues are developed to address
these issues. One approach automatically configures the presentation mode and
presenlalion rale based on user aclioms. The other approach provides separate
contrels for the presemtation mode and presentalion rate. The scarch tool is
evaluated against a thumbnail-prid browser to see whether the new technigues
provide a significant improvement on curtent photo scarch solutions. In Chapter 4,
an obseryational study is condocted to ses swwhal is wrong with existing visual photo
search tools 5o they can be addressed to provide a better search experience in lerms
the commom phaole search tasks, locating events, singles and propertios, Some design

irmplicatioms are proposed 1o further improve the ool In Chapter 5, a small Follosw-
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up study is conducted to clarify some of Lhe observations thal are made in Chapter
4. Maore specifically, to investigate whether people predominantly organize
photographs by events and to obtain an sccurate reflection of the type of metadata
that is associated with events. One major finding is that people engage in a mere
liht weight form of annotation that is centered on cvents. This particularly
importanl becausc it provides an allernalive solution for supporting query-hased
searching that does not rely on having metadata tor each image. Cueryv-based prhoto
search lools can be designed to locale events rather than individual umages. In
Chapter 6, a search tool is developed based on the user observations and design
implications presented in Chapter 4 which emphasize two core requirements: firstly,
the teed for the scarch tool to Tocate events rapidly and secondly, the need to
provide multiple methods to locate events. The search tool integrates multiple
search techniques around events. These include a query-based technigue and the
visual photo search techmigues presented in Chapters 3 and 4 Some design

guidelines are proposed for fubure systems based on a user evaluation of this tool,
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Improving current photo search tools

3.1 Intrvoduction

The aim of this chapler 15 develop a visual photo search tool for small display
devices, The reguirements for this look are based on the limitations of cusrent visual
pholn scarch tools which were idenlitied in the previous chapter. Lo support users

necds more adequalely these lonks musl:

e Allogo the presentation shode to be dynaimically confivureble. The visual photo
scarch techniques presented in this chapler altow the presentalion maode to
be auwtemalicatly adjusted so thal the appropriate level of detail can be

selected,

o Drovide g comtral medality tht dunanically adinsts the presenfalion rafe. The
visual plote search techniques alse allow wsers to adjust the presenlation
rate, This is cssential for supporling altenlional seleclion (see Chapter 2.4.2)
and also assisting users in processing and storing information ob each image

(see Chapter 2.4.3).

o Suppert persendalizarion, The models and algorithms used are kept as simple

as possible to make it easy to customize the scarch techniques.

= Make optimal wse of the Isen visual spslem Two differenl approaches are
used Lo make oplimal use of the human visual svstem. One approach
audomatically adjusts the visval How of information Lo mainlain lo oplimal
rate at which the human visual svstem can process information. Tt prevents
the visual system from being overloaded. ‘The other approach provides

rnanial conteol of the visual fow.
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3.1 Introduction

The design approach that is used is to develop the tool is deliberately incrementat
rather than revolutionary, Whitaker, Terveen and Nardi [132] note that while
revolutionary design is vital for making progress, designers should alwavs trv o
improve existing work. Only when prior work can no lenger be improved does it
makes sense to use a revolutionary approach. Boardman [12] notes that “a radical
invention does not necessarily entail a strong contribution in terms of HCI
knowledge, especially if no evaluation has been performed.” Incremental designs
allow direct comparisons fo be made with extsting work. They promote system
uptake and also take advantage of user familiarity. Following an incremental
approach does not mean further more ambitious changes can not be made, Once the
initial changes have been evaluated, subsequent refinements can be made as part of
an iterative user-centered deslgn process. The effects of any relinements are
scrutinized during a design cyele and are more easily understood because they can
be compared to a previous design [132]. This evolutionary design facilitates the

creation of knowledge.

3.1.1 Outline

This chapter presents the incremental design, implementation and evaluation of a
photo search tool that supports three different visual photo search techniques, two
tovel technigques and one more traditional technigque, Section 3.2 provides a critical
analysis of ditferent methods that allow users fo visually search through large
information spaces. Speed Dependent Autematic Zooming (SDAZ) s identified as a
suitable approach, due to its ability to address the limitations highlighted in Section
3.1. Section 3.3 discusses the mechanics of the SDAZ technique. Section 3.4 discusses
some algorithmic extensions that are made to SDAZ to make it more switable for
small displays. Section 3.5 discusses how this technigue is used to create two novel
visual photo search techniques. It also discusses the design and development of a
traditional visual phote scarch interface. Section 3.6 evaluates the new interlaces
against the traditional interface in terms of user performance and subjective
preferences. Section 3.7 suminarizes the major Hindings and provides an outlook for

subsequent chapters.
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Chapter 3
3.2 Background

3.2 Background

‘A problem humans experience in their everyday lives is having too many things to
put in a limited space: furniture in a house, books on shelves, windows on a
computer screen, data to display ¢m a PDA’ [78]. The information explosion in the
last hundred years bas created information spaces that are often too large to be
displayed on a single screen. Documents, web pages, spread sheets, and pictures are

cxamples of information spaces that commuonly suffer from this problem.

One way of dealing with this presentation problem involves showing a portion of
the information space on the screen and providing controls to navigate through the
information space. Some common controls are scrolling, panning and zooming,
Scrolling and parming are used to bring data in and out of the visible area. Zooming
is used b increase or decrease the size of the information space that is visible on the

SCICCT.

Although many applications adopt these basic functions, there are number
limitations in the navigation they provide. Igarashi and Hinckley [49] note that
when browsing a document, users have to shift their focus between the document
and the scrollbar. This causes an attentiomal overhead and also increases the
opcralional time. They also observe that when browsing large documents, small
scrollbar movements resalt in large movements of the document. This can
disorientate and cenfuse users, Cockburn and Savage [21} note that because
zooming changes the size of the information space that is visible, more sceolling is
required when zoomed in and less when zoomed out to navigate the same distance.
In order to predict scroll bar imteractions, user must understand the relationship
between the scroll distance and the zoom level. Furthermore, when panning is not
supported i an application, users are restricted to independent hortzontal and
vertical controls. This requires a greater number of interface actions as navigation in
other divections (such as diagonally) requires at least tweo scrolling operalions. These
problems are of even greater concern on small display devices, such as IPL2As and
mobile phones as the portion of the information space that 1s visible is much smaller

than standard desktop displays. Fhe implication is that more scrolling, panning and
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£00ming is required to navigate information spaces when conventional navigation

mechanizmes are used.

Two classic solutions to this problem ane overvicw-and-detail and focus-and-
context. The overview-detatl approach simultancousty displays two separate views,
one for context and the other for detsil. Chittare [20] notes that although this
appreach is feasible on deskiop computers, it tends to fail en moebile devices, The
hrnited sereen space makes it difficult to wlate the bwo views, and it can even be
impossible to properly fit them on the same screen.” This appreach alse forces users
Ly mentally integrale the contexl and detail views. An operational overhead is also
incurred in moving belween the two views, Another design approach for the
overview-and-delail design pallern on mobile devices is a one-window-drill down,
where users are inttiallv shown an overview and can drilt down to view detail. This
approach maximizes the use of L limiled screen real-estate and can be particularky
effective n guiding navigallon when (he overview displays objects that are of
inlerest to Lhe user. One reason why this approach has been used less on mobile
devices 15 due lo Lhe scalabilily issue which relates ditectly to the size of the
overview. When the «oom {aclor is high, the overview can shrink too much in sice,

obscuring points of interest and making manipulation difficalt for users.

The focus-context approach integrates the overview and detail within a single view,
One example of this appreach is the fish-cye view which magnifics objects at the
point of focus and progressively decreases the size of mere distanl objects.
Tplemenling an efficient fish-eve view on a mobile device in neither casy nor
effective |103]. The granularity of the control decreases as the informalion space gels
larger, making it harder to locate 8 target object. The gradually increasing
magnification makes targets move fagter and faster the closer they are to the focal
point. This makes if difficudt o acquire largets as they moving fastesl when the

proint of focus is directly over the target [41].

Another approach for addressing the limitalions of conventional navigation
mechanisms relains traditional scroll and zoom functions but provides altemative

inpul mechanisms, For example, some small screen devices bave wheel controts or
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joysticks that can be used for serolling, to alleviate some of the associated problems,
such as the attentional overbead. One attendant problem though is that as the scroll-
rate increases, the flow of information becomes too great for users to perceive,

resulting in visual blurring and consequent user disorientation.

To counter this visual blurring Tgarashn and Hinckley [41] proposed Speed
Dependent Automatic Zeoming. As the scroll speed increases the information space
i5 2ommed out to reduce the visual flow {or rate of pisel movement). This alliws
users to scroll more rapidly through an information space without overloading the
visual system. The level of detail that is shown Is automatically adjusted according
to the scroll speed, showing the detail view when scrolling slowly and progressively
showing less detail as the scroll speed is increased. The smoath transition between
the global overview and the magnified local view assists users in building a mental
map of the information space. The simplicity of technique makes il easv to

customize By meet user needs,

Hewever, SDAZ was originally proposed on for desktop displavs as means of
overcoming the problems associated with navigating large infurmation spaces.
There s a need to adapt this technigque to the small screen, Before doing so, it is

necessary to ¢xamine the mechanics of SDAL

3.3 Speed dependent automatic zooming

Igarashi and Hinckley [44] use the following cquations lo compute speed and scale:

speed = O F oy

Lquation 1

In Equation 1 diy denoles the displacement of pointing device such as a mouse. Cis a
constant thal is used to adjusl the scroll speed. The scale is computed wsing the

following equation:
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(]
speed

seale =

Equation 2

where 21 is a constant that represents the scroll speed when cooieing commenices
[see Figure 3. 1a) However, there are two concerns with Fauation 2. Firstly, no Timits
are provided, so when the speed — U spale — o This contradiets Figure 3.1a which
shows that when the speed = (0, seale = 1. Secondly, as the scroll speed increases this
formula causes a sudden drop in the scale and then a gradual decrease there after.
To achieve a perceptually constant seale change, they amend Fquations 1 and 2 as

faliows:

!

speed =
yoede

Cquation 3
01 ) -t

'Il.'f'a.lrﬂ = L,’.ﬂh.*-. u

Egquation 4

Figure 3.1b illustrates the behavior of these two equations. Below dif the user can
scroll through the information space without any sooming taking place. The
nfarimation space 15 also shown af it maximum level of detail, Belween afi and !
the scroll speed increases and the woom level decreases in parallel as defined by
Equations 3 and 4. Above d71. no further zooming or scrolling takes place. si

specifics the minimal zoom level. 10 specifies the seroll speed at dil.

Although the graph m Figure 3.1b reflecls the desired scrolling and zooming
behavior it does not accuralely rellect the effect of the equalions. While the scale is 1
whet the inouse distance cquals 400, for values of dy greater than zero and less than
1, the scale is greater than 1. Also, netther the scale nor the speed becomes constant
at d1, Dgualions 3 and 4 only define the behavior between dd and 1. Ouitside this
range the behavior has to be controlled programmatically. These equations also
conflict with the notion that wooming is dependent on the screll speed, In fact, the

opposite 1s true, the scroll speed is dependent on the zeom level, The zoom level is
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dependent on the displacement of the mouse, Furlhermore, lgarashi and Hinckley
[49] modified their equations during implemenlalion by introducing a delay n
scaling. This was necessary to avoid instantaneous zomming to full size when the
mouse was released and undesirable swelling affects when the scrolling direction

Wik reversed.

sodle  spoed scale  spesd

1 - -
tyeen =TT g

A I

i

speed - vilsch 2,

-

__.n-’
tscale = w0 speed
L scale
ral ]
o a

Figure 3.1: {a} Behaviors of eqoalion 1 & 2 and (b) cquations 3 & 4 [49)

lgarashi and Hinckley [49] conducted an informal usabilily evaluation of Lwo
interfaces, a web browser and a map browser. With the web browser, participants
were required to locate images using a standard scrolling interface and o 5M2A7
intertace. The task completion times were approximately equal, although six out of
seven participants preferred using STYAZ. With the map browser, participants werce
required to navigate to 4 marked location using o traditional panning-and-zooming
interface and & 5NAY interface. The task completion times were oo diverse to
provide evidence regarding the interaction modes. In the subjective evaiuation, four
participunts preferred the SDAS imterface and three preferred the radilional

panning-and-zooming interface.

Cockburn apd Savage [21] conducted & more rigorous experiment evaluation of
their own implementation of the SDAZ docuoment and map viewing application.
They made use of sophisticated graphical processing technigues to provide more
responsive, smoothet seroll and soom animations. Their results woere much more
promusing and showed 5DAZ in a new light In their study, they found that

participants were 22% fasler when using SDAZ than when using a commercial
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document viewer., In map browsing, the performancee benefits increased to 43%.
Murthermore, workload assessments, preferemces and participant’s conmuments all

amplified the efticiency and effectivencss of the auttmated zooming approach.

Cockburn and Savage [21] recommend using SDAZ for information spaces of
inlermediate size. They point put that traditional scrolling is sufficient for small
spaces and  that query-based search methods are required for large spaces
{thousands of screens). Unfortunately, they do not provide dimensions for small,
intermediate or large information spaces. They do however state that the
experonent was conducted on a 19 inch display with a resolubion of 1024 x 768

prixels,

The dimensions of the information space and the reselution are more critical for
small screen devices. [ake for example an information space of 1024 x 768 pixels, [he
whaole space is viewable on a 19 inch display {with a resolulion of 1024 x 768 pixels),
bl onby 9.8% of lhe space is visible on a HP IPAQ 4100 {with a screen resolution of
320 x 240 pixcls) and 4.7% on a Nokia 6680 {with a screen resolution of 176 x 208
pixels). The definitions of small, intermediale and large information spaces musl be
amended for application on small screen devices, In the next section, some changes
are suggesled to lgarashi and Hinckley's original equabions to lake in to account the

proporiion of the mformalion space thal is visible on Lhe screen,

3.4 Extending SDAZ for small displays

The new algorithoy that are proposed in this section are [oosely based on Tgarashi
and TTmckley’s revised equations, Like Igarashi and Hinckley, the scioll speed is
lincarly dependant on lhe currenl zoom level, In fact, the nolion of scroll speed is

replaced wilh two factors which denote the displacement in the x and v dimensions.

The scroll speed is compuied wilh the following algorithm:
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sdX << ()
sdY <« ()
ifing howizontal comsteaint)  sdX <= C * visibleArea * scaleValue * dX
i vertical constraint) sd¥ <« C * visibleArea * scaleValue * dY
iftbounds of informalion space in X dimension not visible)

scroll horizonlally by sdX
iffbounds of information space in Y dimension nol visible)

scroll vertically by sdY

Algorithm 1

sdX and sdY are the displacements in the x and y dimension. C is a constant {where
C = ih that is used to control the scroll speed. This value can be customized by users.
[t can be used to compensate for different deviee capabilities, such as processing
power or hardware graphics support. vtaifileArea is a real value (0 < visibleAren <= 1)
that indicates the proportion of the information space that is currently visible in the
viewport when the information space is displaved at its initial scale. This allows the
algorithm to support displays with ditferent screen resolutions, sealeValue is a real
value (@ < sealeValue <= 1) thal specifies the current zoom level, When the scale Value
is | the informalion space is displaved at its maximum level of detail. When the
scaleValue 15 (125 the information space is displaved at quarter of its original size. dx
and dy represent the displacement of a mouse in the ¥ and v dimensions and are
restricted by the bounds of the information space in each dimension. The units for
algorithms 1 and 2 are dependent on the input mechanism that is used. For
example, when using a touch screen the units are pixels or when using a tilt-

controller the units are degtrees.

The scalelalue is computed using Algorithm 2. The dragDist s the current
displacement of a mouse. minThreshold specities the displacement of a mouse below
which only scrolling is operational and no zooming takes place. maxyThreshold

represents the displacement of & miouse above which the seroll speed is maintained
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