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ABSTRACT

The research presented in this dissertation centres on the search user interface. The
search user interface is the graphical user interface between where a human searcher
interacts with a set of search results that a search engine serves in response to a request
by the searcher.

We are accustomed to linear, ranked-list interfaces that support information search
across pages upon pages of search results. However, whilst ranked-list interfaces have
a number of useful and usable characteristics - that for the most part, have served our
search activities well - some search is not well supported by such interfaces. Future
designers should focus efforts on provisioning an appropriate level of information in
appropriate forms to searchers.

Three human-based experiments are proposed and reported; each experiment tack-
les a different aspect of information display. Two experiments investigate ways that
information can be presented in graphical form in an information visualisation tra-
dition. In contrast, a third experiment investigates interface configuration with the
intention to optimise the way textual information is presented to the user.

Together, the results form a picture of where future search interface design should
move. By nature of the textual documents we search for, our interfaces must pro-
vision textual cues to the searcher. However and where possible, attributes of and
relationships between documents should be expressed in graphical and spatial forms to
facilitate quick and effortless comparison between documents.

Search user interfaces connect digital and cognitive worlds. It is increasingly ap-
parent that building such interfaces necessitates a concerted, interdisciplinary effort of
research and development. Accordingly, future search tools will be reliant on both an
understanding of the human perceptual-cognitive system, as much as the bits and bytes
that make up our search engine tools. Accordingly, perceptual-cognitive systems and
phenomena have played a major role in the experimental work presented herein.
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1. INTRODUCTION

1.1 Statement of Problem

Search facilities are increasingly prevalent in many computing applications - both online
and offline. Whenever we engage in complex search activities, we a likely to endure
a significant number of completely off-topic, or on-topic but irrelevant search results -
among those that are actually suitable for our information need. This is a widespread
problem in even contemporary search interfaces and more research should be devoted
to facilitating the identification of useful results as well as indicating where similarly

interesting results will be found subsequently.

When we do find a useful search result, the current methodology of presenting
search results - the ranked-list - provides little guarantee that the next search result
below will be relevant as well. Many information visualisation-based, alternative pre-
sentation techniques have been proposed to make it easier to identify and locate the
subset of relevant documents in search result sets. Yet none has received sustained
and widespread adoption. While these systems offer some unique advantage for text
search, many take an overly literal interpretation of graphical visualisation of search
results; subsequently, many search result presentation techniques are incompatible with

contemporary search behaviours such as fast text skimming.

We need research that perceives alternative visualisation-based techniques as a spe-
cific type of information visualisation that does not engage the full set of analytical
facilities that traditional information visualisation affords. More research is required
to strike a balance between the visual representation of data and information, such as
document metadata and inter-document relationships, and the inclusion of appropriate
- but not dominating - textual information like document surrogates that searchers at
present, make heavy use of in contemporary search interfaces. This thesis strongly con-
tends that previous alternative search result presentation techniques have leaned more
toward the visual aspect and have taken too much text out of the display. This imbal-
ance is evidenced by prior systems in which it may be seen that a document shares a
relationship with another document, yet it is difficult to perceive what each document
is about and therefore what the semantic relationship actually is; consequently, this
impacts on a decision of whether that relationship is useful to the current information

need.
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Furthermore and generally, search for information using a web-based search en-
gine is not analytical, in the same sense of analytical information visualisation for
multi-dimensional datasets. However, there has been an implicit assumption that if
we visualise search results, somehow search for information will be improved, given the
successes of visualisation-supported data analysis in other application domains. Ac-
cordingly, we need a big-picture or holistic approach to search result visualisation that
takes into consideration the user’s abilities and the tasks and behaviours they engage

in, when searching for information.

The envisioned research approach and the approach taken in this thesis, is that of a
balanced and holistic approach to search result presentation; it focuses on the point, the
space and the interface. The point represents the search results and their attributes, the
space represents the semantic space those points are arranged and presented within,
and the interface that contains the controls and views that we use to interact and

engage with search results.

Although the above perspectives are shared (Dong, 2008; Hoeber, 2012), largely, the
field continues to show off visually-impressive though broadly unusable or unsustainable
tools for everyday search activities - and few attempts are made by large commercial
search companies to offer promising facilities to the mainstream. Therefore, the overall
intention of this thesis is to support and facilitate the design of future search tools that
are more effective. More effective tools will enable searchers to satisfy their information
needs more efficiently and completely and furthermore, will instil greater confidence in
the searcher’s decision to terminate their search, having found information that satisfies

their need.

However, there is no one solution to the problem of search, since our search needs
are diverse in nature. Accordingly, improvements to search tools can be made in a range
of areas both at the back-end of the search engine, the front-end of the search engine
and through greater education of producers and consumers of digitised information.
Specifically, the contributions of the present work are limited to improvement of the

front-end or interface of the search engine.

1.2 Contributions of Thesis

Core aspects of search user interfaces include: the representation of individual search
results, depiction of the relationships between search results, and the interactive capac-
ities afforded to searchers. Succinctly, this is the point, space and interface of search
result visualisation. Our search user interfaces contain each of these core aspects in

some capacity.

Whilst there is no set formula for the design of search user interfaces, this thesis

will attempt a bounding for such a formula - based on the point, space and interface
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of search result visualisation. An initial outline and review goes to some lengths, to
contextualise and establish each of the core aspects, while a survey of systems highlights
a great diversity in prior research. Later and importantly, a series of experiments are
reported, with the outcomes anticipated to partially contribute to an inner substance

of the prescribed bounding.

The experiments presented in this thesis make a contribution to each core area of the
search user interface. Specifically, they investigate the role of motion - vis. animation
- to encode metadata attributes of individual search results; they evaluate the idea of
using a user’s pre-existing ideas, experiences and intuitions to define the data encoding
process; and they contrast and compare the usability of user interface configurations

for spatialisation-based search tools.

The reported experiments are a concerted effort toward improvement of search user
interfaces in a holistic sense, such that all outcomes could feature simultaneously in a
subsequent search user interface. They investigate novel but natural ways to convey
information to a searcher; they investigate how to convey semantic relationships by
way of visually-defined, spatial relationships; and they investigate how best to support
exploration of information through usable and optimal information display and user
interface design. The anticipated contributions of this research are key for future search

user interface design and evaluation.

1.3 Outline of Chapters

The next chapter will establish a context for search user interface research that investi-
gates visualisation-based techniques for the display and organisation of search results.
This multifaceted discussion offers a broad snapshot of the user and system issues and

includes a small survey of the various approaches evident across the literature.

The third chapter will motivate and report an experiment that investigates the use
of motion-based graphical attributes to encode metadata - just as colour, shape or size
can encode data. This experiment and subsequently, the experiment of chapter four are
conducted online, so significant efforts are taken to explicate the benefits of performing

experimental research of this kind over the Internet.

In the fourth chapter, its is argued that a data-encoding paradigm must take into
account the affordances of the data. When data is encoded in a way consistent with
our perceptual and cognitive expectations, the resulting interfaces should be easier
and more natural to interact with, thus improving search outcomes. Later, results are

reported for an experiment that explores this idea empirically.

The fifth and six chapters shift the focus away from document representation and
toward inter-document relationship visualisation. Namely, the fifth chapter introduces

document spatialisation and information spaces as a way to present search results to
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searchers. In addition, the latter part of chapter five will define and investigate a
set of key criteria to be used in the selection of algorithms for the construction of
such spaces. Building on this introduction, the sixth chapter will detail and report an
experiment that evaluates interface design components that are specific to search tools
which feature spatially-organised search results. Three experimental hypotheses centre
on the way searchers access and view document full-text, the way searchers access
and view document surrogate information, and the way searchers control the layout of

spatialised documents.

Finally, the seventh and final chapter summarises the findings of each experiment,
reiterates the significance of the findings and reviews how each of the experimental

findings will contribute to future search user interface design.

The studies presented herein are pilot studies of sorts. What is common among
these studies is a tendency to be highly and broadly exploratory - in both the subject
matter at the heart of the experimental hypotheses, and in the pragmatic methodolog-
ical aspects, such as how to conduct research in a balanced way. From an original
research perspective, the contributions of these studies are two fold; they introduce
and develop new and previously unexplored research questions and ideas within the
immediate field, whilst also contributing to a pool of methodological considerations
made by many researchers situated within the broader human-computer interaction

and usability discipline.



