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Abstract

This monograph is directed at researchers and developers who are
designing the next generation of web search user interfaces, by focusing
on the techniques and visualizations that allow users to interact with
and have control over their findings. Search is one of the keys to the
Web’s success. The elegant way in which search results are returned
has been well researched and is usually remarkably effective. However,
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the body of work produced by decades of research into information
retrieval continues to grow rapidly and so it has become hard to syn-
thesize the current state-of-the-art to produce a search interface that
is both highly functional, but not cluttered and distracting. Further,
recent work has shown that there is substantial room for improving the
support provided to users who are exhibiting more exploratory forms
of search, including when users may need to learn, discover, and under-
stand novel or complex topics. Overall, there is a recognized need for
search systems to provide effective user experiences that do more than
simply return results.

With the aim of producing more effective search interfaces, human
computer interaction researchers and web designers have been devel-
oping novel interactions and features that enable users to conveniently
visualize, parse, manipulate, and organize their Web search results.
For instance, while a simple set of results may produce specific infor-
mation (e.g., the capital of Peru), other methods may let users see
and explore the contexts of their requests for information (more about
the country, city, and nearby attractions), or the properties that asso-
ciate groups of information assets (grouping hotels, restaurants, and
attractions by their type, district, or price). Other techniques support
information-seeking processes that may last weeks or months or may
even require collaboration between multiple searchers. The choice of
relevant result visualization strategies in new search systems should
reflect the searchers and the higher-level information needs that moti-
vate their searches. These examples provide further motivation for sup-
porting designers, who are challenged to synthesize and understand the
breadth of advances in search, so that they can determine the bene-
fits of varied strategies and apply them appropriately to build better
systems.

To support researchers and designers in synthesizing and under-
standing the advances in search, this monograph offers a structured
means to think about web search result visualization, based on an
inclusive model of search that integrates information retrieval, infor-
mation seeking and a higher-level context of tasks and goals. We exam-
ine each of these levels of search in a survey of advances in browsers
and related tools by defining search-related cognitive processes and
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analyzing innovative design approaches. We then discuss evaluations
at each of these levels of search, presenting significant results and iden-
tifying both the traditional and novel means used to produce them.
Based on this examination, we propose a taxonomy of search result
visualization techniques that can be used to identify gaps for future
research and as a reference for designers of next generation web search
systems.
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1

Introduction

This monograph is for designers thinking about how they might
enhance the experience of discovering, exploring and putting to work
information they can access over the Web. This monograph is also for
researchers who may be interested in how search interaction approaches
have developed over the past decade. In both cases, a fundamental ques-
tion is at play: what else users could possibly need besides Google to
search the Web? That’s a fair question, and readers of this survey may
have the same question. So to tackle that head on, let us agree: Google
is really good. For what it does.

Our monograph considers the approaches for exploring informa-
tion spaces that Google’s elegant keyword search cannot do. Over the
past decade, research on alternative search paradigms has emphasized
Web front ends on single or unified databases. Such work is productive
when the designer has the luxury of working with well-curated docu-
ments from a single source, but the elegant visualization or well-tailored
faceted browser may not scale to the size and diversity of Web-based
information, links, scientific data sets, personal digital photos, creative
videos, music, animations, and more. So why does keyword search
scale? Because (a) huge resources have been thrown at the problem

1
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2 Introduction

and (b) textual data have a satisfying and compliant order to it. We
hope this monograph shows that the research and evaluations of alter-
native approaches to data exploration for knowledge building are the
best preparation we have for the next generation Web, the Web of
Linked Data.

In a little more than a decade the Web has become the default
global repository for information. Many factors have contributed to
this remarkable result, from the success of the robust technologies that
enable its networked connections, to the commercialization of the back-
bone that enticed business to support and utilize it, to the ease with
which ordinary citizens can publish information to it. But perhaps the
key technology that took the Web from a useful supplement of current
information practice to become the default communication medium
is search. Web search, as provided by Google, Microsoft, Yahoo, etc.,
enables users to find the information they want via the simplest of
interaction paradigms: type some keywords into a box and get back an
informative result list that is ranked, as if by magic, so that the first
results most likely match what we’re trying to find.

Search engines automated what was initially a community-based
and commercially coordinated Easter egg hunt: category systems were
proposed and documents as they were found either by humans recom-
mending them to such sites, or discovered by human trawlers and some
early web crawlers, were assigned to categories. The Web was set up
like a giant Yellow Pages. Further, before these nascent directories, the
Web was explored by the link. As recently as 2004, surfing the Web was
still a common trope for browsing the Web, following from link to link,
from one site to another. Not unlike blogs today, web sites might publish
best new finds on a topic, and away one would go. Only five years later,
who “surfs” or presumes to browse “the Web”? It has grown beyond
that scale of the surfable, with its pockets of Dark Web and ice caps of
Public Web, where so much more than is indexed by search engines is
below the visible water line of documents. This growth is itself related
to the existence of search: because it can be found by search, rather
than relying on recommendations alone, it is worth publishing on the
Web; indeed it is necessary to publish on the Web. Because conversely,
if it cannot be found on the Web, does it exist?
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3

Search as embodied by the text box and keyword has framed our
understanding of what the Web is [145]. It has become so ubiquitously
associated with the Web that it is difficult to find a web browser that
does not have as a default tool, a keyword search box built into upper
right of the browser window, right next to the box for the location.
In some cases the URL address bar is already polymorphic: acting
as either address area or search bar. The prominence of web search
based on the fundamental efficacy of keyword search makes it difficult
to imagine what an entire monograph on search interaction may be
about. It turns out that this elegant paradigm is especially effective for
the 1-min search — find the address for Chez Panisse, get a biography
of Madame Curie, or locate the home page for a local car rental. But
many users have come to the Web for substantive research that takes
hours or weeks — find all the songs written about poverty in the 1930s,
prove that there are no patents that cover my emerging innovation, or
locate the best legal precedents for my brief.

A second motivator for new search strategies is that the next gen-
eration web will offer fresh possibilities that go well beyond finding
documents by way of keyword search. Hall and O’Hara [69] stress that
what we know as the Web today is the Document Web, and not the Web
of Linked Data that is imminently upon us. The older Document Web
is about the information, readable by us, written by us, and framed for
our use. It is this very human-readable orientation of the Web and it is
the presentation technologies in the browser that have enabled keyword
search engines to become so very good: the words in the documents are
all a search engine has to go on to find appropriate results. It is because
the search engine is searching in documents that we get a list of docu-
ments back: we may only want a sentence in the middle of a document,
but we get the whole thing (the document) back.

By contrast, in the newer Web of Linked Data, often called the
Semantic Web, the idea is to give the search engine designers more
to work with than making best guesses about what results to return
based on keyword frequency and number of pages linked to a document.
Imagine if instead of a list of results, the machine simply returned “the
answer”? Some queries have specific answers: “mc’s phone number at
work” or “British obesity rate in 2009?” There may be several sources
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4 Introduction

for this information, but if they concur, why not just present that result,
and give the six places the result occurs? Right now, this kind of search
result is not feasible because the Web for the most part does not have
consistent tags to indicate what is a phone number or where to find
obesity rates. Search engines check if a term requested maps to the
term in a document, and does very effective ranking very fast. That
is of course an oversimplification of all the sophistication to make that
experience as fast and accurate as it appears to be.

The goal of the Web of Linked Data is to have information about
information available so that not only can designers provide better,
clearer answers to such simple queries about phone numbers and statis-
tics, but also users can resolve questions that are difficult to handle
without metadata. Some researchers are conducting intriguing research
that attempts to create this metadata automatically to derive seman-
tics from the documents themselves. In this monograph we are less
concerned with how metadata becomes available. We are concerned
with the question of what designers can do with it, once it exists.

While the power of Semantic Web of Linked Data is that it can
enhance large diverse, unorganized, and heterogeneous datasets, the
unique affordances also challenge our assumptions about how we access
information [176]. As the links between data can be numerous, endless,
and of any granularity, the assumptions about carefully structured clas-
sifications, for example, breakdown. Similarly, while web searches are
typically for web pages, it is not clear whether searching at the data
level should return any object [21], specific types of objects [146], object
relationships [21, 76], portions of RDF [47], entire ontologies [2, 63], and
so on.

Further, as the work on semantically linked data has separated the
data from presentation, designers and users are able to represent the
data however they like [21]. The flipside, however is that someone,
either the interface designer or the end user, has to decide how to
represent the data. In summary, the freedom enabled by semantically
organized data sets has in turn broadened the options and increased the
number of decisions that designers and end users have to make. Recent
work has shown, however, that increasing numbers of options can make
designers and users feel less confident in their decisions, and less happy
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with their results [130, 149], rather than making them feel empowered.
What effect, then, does this have on confidence during search interface
design, given that designers and users now have more freedom.

These issues are becoming national policy issues, especially as the
United States, United Kingdom, and other governments intend to
release increasing amounts of information onto the Web as data with
sufficient metadata to support more automatic analysis. Metadata tags
will indicate that a number represents the reported cases of obesity at a
given time and place. The number also has a source and date of creation
associated with it so users can verify accuracy and timeliness. It is not
simply a number in a document, instead it comes with well-associated
meanings.

As soon as this information is available new opportunities for rep-
resentation beyond document lists become possible. Users will be able
to see quickly for themselves: are obesity levels rising at the rates pre-
sented in the media, or, by mapping these data from several sources,
are they too conservative or aggressive? Imagine being able to look at
such sources to ask these kinds of questions with the same facility as
we use keyword search now. Now that is an interaction challenge.

Designers already offer such representations on smaller than Web
scale information sources; that is what most of the literature we will
review considers. In that sense we have some preparation for what is to
come. But there are also entirely new interaction challenges. There will
be many data sources from many places that map to given meanings,
like obesity statistics. How can these disparate sources be gathered,
inspected, and explored?

Right now, we are on the cusp of a transition from the Document
Web to the Document/Data Web. It is an incredible time to be inter-
ested in designing or researching how to engage with these immense
volumes of data. Are designers and researchers ready for this transi-
tion? The findings presented here may act as guideposts for this near
future. We may also look back in ten years at these nascent efforts to
imagine exploring data at scale and say either that was clever or that
was näıve. It will be more than intriguing to see what principles remain,
and what have yet to be imagined. In the meantime, we look back in
order to leap ahead.
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6 Introduction

In the remainder of this monograph, Section 2 identifies and explains
a model of search that is used to structure the discussion in the fol-
lowing sections and forms the basis of the taxonomy of advances in
interactive search. In short, the model describes search in increasing
layers of context, from simple retrieval, to broader strategies, and to the
wider tasks that motivate them. Section 3 identifies specific advances
in interactive search, and prominent examples of their use, organized
by the different layers of the model to which they apply. Section 4
explains how advances at each layer of the model have been evaluated.
Section 5 then presents the final taxonomy, and identifies areas of rel-
atively little research as potential focal points for future research. For
search interface designers, the taxonomy provides a list of potential
features to include in designs, describing (a) how they support users,
(b) how their support has been evaluated, and (c) how prevalent they
have become on the Web.

1.1 A Challenge Faced by Designers of Future
Search Systems

Understanding how search interfaces and visualization affect searcher
success is a hard challenge, and cannot be as easily measured as
speed, document similarity, and result accuracy. In the early 1970s,
Cooper [43] suggested that instead of speed metrics, search evaluations
should be based on subjective user satisfaction with the results. Later,
Robertson and Hancock-Beaulieu [143] noted that the recent, at the
time, revolutions of IR research had begun to focus more on users and
less on systems. Even more recently, though, researchers have identified
just how inadequate the familiar keyword search paradigms, provided
by environments such as Google and Bing1 (Microsoft’s search engine),
might be for users who need to do more than just find a website that
answers a factual question.

The recent focus on these more exploratory forms of search, known
as Exploratory Search [172, 174], has identified some search scenarios
that require much more diverse searching strategies, including when the

1 http://www.bing.com
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1.1 A Challenge Faced by Designers of Future Search Systems 7

users are (a) unfamiliar with a domain and its terminology, (b) unfa-
miliar with a system and it’s capabilities, or (c) unfamiliar with the
full detail of their task or goal. Experts may also conduct demanding
searches such as those needing to do: (a) comprehensive searches to find
every relevant record (Legal, patent, medical), (b) negation searchers
to prove the absence of relevant work (e.g., patent, pharmaceuticals),
(c) exception searches to find outlier documents (that take a different
or contradictory point of view than commonly held), or (d) bridging
searches that connect two disparate fields of study [164]. Exploratory
search scenarios are characterized by needs that are “open-ended, per-
sistent, and multifaceted, and information-seeking processes that are
opportunistic, iterative, and multitactical” [174]. In each case advances
in search need to do more than simply improve the matching of results
to terms entered into a single box. Even in the late 1980s, Motro [126]
designed the VAGUE interface based on the notion that often, when
limited to simple keyword interfaces, users submit numerous evolutions
of an original vague query in order to figure out which terms are going
to produce all, or even just part, of their desired information.

In many cases, searching involves a range of tactics and techniques,
rather than simply submitting a query and seeing a list of matching
results. As part of the special issue on Exploratory Search, Marchion-
ini [116] identified, although not exhaustively, a series of strategies that
users may often need to employ to achieve their goals, such as compar-
ing, synthesizing, and evaluating. MacKay and Watters [114] present a
diary study documenting examples of search tasks that span multiple
search sessions, where users return days later to continue on tasks
such as job seeking or house hunting. Similarly, Morris [125] has doc-
umented the breadth of occasions where users clearly collaborate with
family and colleagues on tasks such as holiday planning and team work
projects. It is plain to see that a search interface needs to provide more
than a simple keyword search form to support users in applying such
strategies.

The recognition that there is more to search than basic Informa-
tion Retrieval has led to many extensions and alternatives to the
keyword search paradigm. An example extension is to cluster the results
into groups that share attributes [190]. Alternatively, faceted browsing
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8 Introduction

[75, 168] provides meaningful or significant attributes of web pages to
users at the beginning, so that they do not even have to think of words
to put in the keyword search box. This can be especially useful in the
occasions where people are unfamiliar with a domain and its terminol-
ogy, for example. These, and many other advances, have much in com-
mon and while they each have specific advantages, it is not clear that
including them all would provide a stronger search interface. Instead,
designers now have the challenge of deciding: (a) what types of search
strategies should be supported, if not all of them, and (b) which new
features to include in order to support them. This challenge is particu-
larly difficult, when so many advances have been proposed, each with
different benefits, and when the benefits of each advance have often
been shown independent of others.

1.2 A Taxonomy to Overcome the Challenge

The goal of this monograph is to support designers with this challenge
by building a taxonomy of advances in the field of search that can be
used as common ground when choosing which features to include within
future search interfaces. To build the taxonomy we:

(1) identify a model, produced by theory, which covers the full
breadth of search from context and tasks, down to specific
actions and results (Section 2);

(2) summarize the specific advances in interactive search (Sec-
tion 3);

(3) discuss the way that these interactive search advances have
been evaluated (Section 4), in accordance with the model of
search presented in Section 2; and

(4) present a taxonomy (in Section 5) of the search advances
(from Section 3) that takes into account the type of search
supported (from Section 2), how the advances have been eval-
uated (Section 4) and how prevalent they are on the Web.

Producing a structured and consistent taxonomy allows us to
compare advances in interactive search, with two benefits. First, the
taxonomy can be a reference for designers. The latter half of Section 5
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1.3 The Scope of Our Approach 9

describes a detailed process that designers can apply to systematically
decide which features to include in their search designs. As the taxon-
omy includes advances in the field, their benefits, and how they have
been evaluated, a designer can quickly compare options and choose
appropriate features for their new interface. Second, the taxonomy can
be used by academics to identify areas that require further study and
contextualize future advances in the field.

1.3 The Scope of Our Approach

When defining a means of categorizing and communicating existing and
on-going research, it is important to define the scope of our approach,
so that it is correctly used. Here we specifically bound the content of
this monograph in two areas: what we mean by search and what we
mean by the Web.

1.3.1 What We Mean by Search

So far, this monograph has used the terms: search, seeking, and Infor-
mation Retrieval interchangeably. For the rest of the monograph, how-
ever, we intend to follow a specific set of terminology, which is defined
carefully in the model discussed in Section 2. Information Retrieval
is perhaps the most well studied, and so most well-defined term used
to describe searching. Typically, Information Retrieval refers to the
paradigm where users enter a keyword into a system, which responds
by returning the results that are most relevant to the keywords used.
This monograph covers a much broader view of search than simply
Information Retrieval. Information Seeking is another common term
used to describe people’s searching behavior, including activities such
as searching, browsing, and navigating. Again, however, in this mono-
graph we use the word search in a broader sense than Information
Seeking. The model described in Section 2 defines search as the set
of activities that take users from identifying a problem all the way to
achieving their goals, which will, at times, involve Information Seeking,
which in turn, may include Information Retrieval.
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10 Introduction

1.3.2 What We Mean by the Web

The “indexable web”, that is, the portion of the web indexed by major
search engines, was estimated at 11.5-billion pages in 2005 [67], with
Google reporting that they surpassed the 1-trillion mark in July 2008.2

One major characteristic of the Web, therefore, is scale. In this mono-
graph, however, search systems are discussed that search both the whole
web, and certain domains within the Web and so scale is not always a
primary concern for design. A more indicative and remarkable charac-
teristic is the heterogeneity of the contents. The Web contains a variety
of data and documents. Documents may be in plain text, HTML, XML,
PDF, Rich Text Format (RTF), Microsoft Word (.DOC), spreadsheets,
and a multitude of specialized or proprietary formats, including micro-
formats [6]. Multiple forms of media, including still images, audio, and
video, are widely available and indexed by general purpose as well as
specialized search engines. These documents vary from highly struc-
tured databases, to semi-structured web pages, to unstructured text.
Again, however, while some web search engines focus on the entire het-
erogeneous content of the Web, others focus on specific and bounded
domains within the Web. In these known and bounded conditions, the
format of documents is often known and fixed, and so is not always a
concern for all web-based search systems.

In summary, as web search systems are discussed, some are limited
by the diversity of online material, and the design of others is motivated
by unique features of web collections. Both are important areas that
sometimes share concerns but often differ significantly in the challenges
they present during the design of search interfaces. An e-commerce site
might, for example, try to support searchers with the categorization,
price, and availability of their products. Such product-related attributes
are not a concern for general Web search, which may includes product
results, reviews, specifications, and informational documents. Finally,
it is important to remember that as users engage in search, they may
be moving between the entire web and known collections within it, in
order to achieve their goals.

2 http://googleblog.blogspot.com/2008/07/we-knew-web-was-big.html.

Full text available at: http://dx.doi.org/10.1561/1800000003



References

[1] F. J. Aguilar, General Managers in Action. New York, NY: Oxford University
Press, 1988.

[2] H. Alani and C. Brewster, “Ontology ranking based on the analysis of concept
structures,” in Proceedings of the 3rd International Conference on Knowledge
Capture, pp. 51–58, New York, NY, USA: ACM Press, 2005.

[3] J. Allan, “Hard track overview in trec 2003 high accuracy retrieval from doc-
uments,” in Proceedings of the Text Retrieval Conference, pp. 24–37, 2003.

[4] B. Allen, “Information space representation in interactive systems: Relation-
ship to spatial abilities,” in Proceedings of the Third ACM Conference on
Digital Libraries, pp. 1–10, Pittsburgh, Pennsylvania, United States: ACM
Press, 1998.

[5] R. Allen, “Two digital library interfaces that exploit hierarchical structure,”
in Proceedings of Electronic Publishing and the Information Superhighway,
pp. 134–141, Boston, MA, USA, 1995.

[6] J. Allsop, Microformats: Empowering Your Markup for Web 2.0. friends of
ED, 2007.

[7] R. Amar and J. Stasko, “A knowledge task-based framework for design and
evaluation of information visualizations,” in Proceedings of the IEEE Sympo-
sium on Information Visualization, pp. 143–150, Austin, Texas, USA: IEEE
Computer Society, 2004.

[8] B. Amento, W. Hill, L. Terveen, D. Hix, and P. Ju, “An empirical evaluation
of user interfaces for topic management of web sites,” in Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems, pp. 552–559,
Pittsburgh, Pennsylvania, United States: ACM Press, 1999.

83

Full text available at: http://dx.doi.org/10.1561/1800000003



84 References
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