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Abstract 

World Wide Web search engines are essential tools for efficiently utilising 
the information on the Web. However, there are certain problems in their 
use. In particular, users with little experience have difficulties with the 
search process, which puts them at a clear disadvantage in a world, where 
more and more information is to be found only on the Web.  

In this thesis, the focus is on the strategies employed by users of search 
engines during three phases of the information search process: query 
formulation, evaluation of search results, and information re-access. In 
particular, the aim is to describe the strategies of different user groups: 
highly experienced Web users, elderly users, and Web users with a couple 
of years of Web experience.  

The studies showed that, in general, experience is related to greater search 
success, which, in turn, is a result of search strategies having evolved 
towards optimal strategies. Especially in fact-finding tasks, the queries of 
more experienced users tend to be longer, more precise, and, if not 
successful, iterated frequently. More experienced users are also more 
efficient in evaluating the search results. In information re-access, the 
experienced users are innovative and not completely dependent on the 
tools specifically designed for information re-access. Surprisingly, even 
experienced users have misconceptions concerning their primary search 
engine. The elderly face several challenges with Web search engines, such 
as not understanding the required language and different functionality 
provided by the interfaces, as well as problems with text input.  

The thesis presents several design suggestions to place the benefits of 
successful strategies at the disposal of all users, as well as to make it easier 
for users to understand the functioning of search engines. For example, 
the thesis presents a novel, more efficient style for presenting textual result 
summaries, a natural-language explanation tool for queries, a search 
interface specifically designed for elderly users, and several ideas for 
facilitating information re-access. In addition to design ideas, the thesis 
presents a search success metric that combines search effectiveness and 
efficiency in a single measurement, called task completion speed. 
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1 Introduction 

The wealth of information available via the World Wide Web can reduce 
the cost of accessing information for hundreds of millions—or even 
billions—of people. In the United States alone, search engines are used by 
about 33 million adults on a typical day (Fox, 2002). In order to take full 
advantage of the information, people need effective and efficient means of 
accessing it. Web search engines are essential tools for this purpose 
(Gordon & Pathak, 1999).  

Attempting to serve all Web users, search engines face a heterogeneous 
user population, from computer novices to heavy users, people having 
training in information retrieval and those who have no interest in 
information searches per se, and those of different ages. The different user 
groups are likely to have different strategies, needs, and goals when using 
search tools, and also the problems they face when using them are 
expected to be different. Novice users, elderly people, and children, in 
particular, are known to have difficulties in searching for information on 
the Web (Chadwick-Dias et al., 2003; Hölscher & Strube, 2000; Kubeck et al., 
1999; Large & Beheshti, 2000; Pollock & Hockley, 1997). Perhaps 
unexpectedly, highly experienced computer users as well have 
misconceptions and are unsure about the functioning of their primary 
search engine (Aula & Käki, 2003). 

The problems people have in using search engines are essentially problems 
in human-computer interaction (HCI). Before computers and Web access 
were commonly available, people found information typically by utilising 
other people in the process. At libraries, for example, the clients asked the 
librarians to help them in locating information they needed if they could 
not find it themselves. In that environment, elderly people, children, or 
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people who did not read that much did not have any specific problems in 
the interaction—the librarian could understand or at least figure out what 
they were looking for even if they did not know the exact terms and 
syntax to use in their request. Currently, people (including the less 
‘scientifically-minded’ and ‘non-typical user groups’1

1 ) need to interact 
with search engines instead of adaptable human beings. Search engines 
have been developed assuming that people are able to request information 
in a certain manner or at least are capable and willing to learn the 
appropriate method of interaction. From a human-centred perspective, it 
is not surprising to see problems in this interaction. A 74-year-old 
participant presented an illustrative comment in one of our studies: ‘Good 
grief! How much stuff there is [on the Web]! No wonder people spend all 
day with computers, if this is the way they go about finding information—
instead of making a phone call.’ 

One of the main goals of HCI is to design usable computer systems. In the 
HCI literature, there is an ongoing discussion as to whether HCI is (or 
should be) science, craft, or engineering (Sutcliffe, 2000). Sutcliffe argues 
that HCI needs to employ theoretical knowledge from, for example, 
psychology or sociology in the design processes. Theoretical knowledge 
would function as the basis for design decisions, and design would not be 
driven only by technology and the creative inspiration of the designers. In 
addition to building on theories, design should thrive ‘on understanding 
constraints, on insight into the design space, and on deep knowledge of 
the materials of the design, that is, the user, the task, and the machine’ 
(Dix et al., 2004, p. xvii). 

In line with Sutcliffe and Dix et al., we believe that the design decisions 
should be based on sound theories and deep knowledge. Existing theories 
and knowledge concerning the topic of this thesis come from many 
separate fields, such as information sciences, human-computer interaction, 
and psychology. The existing designs, on the other hand, have largely 
been developed by computer scientists. Thus, the topic is 
multidisciplinary by nature, and so is the approach of the thesis.  

To participate in building theories and in understanding constraints, as 
well as providing insights into the design space, this thesis first and 
foremost focuses on understanding and describing the phenomena related 
to the users’ search process in the context of the Web. In building this 
understanding, the thesis focuses on the characteristics of the searchers 
and their strategies, goals, and tasks. The understanding comes partly 
from a thorough review of the existing literature and, even more 

                                                 
1 By ‘non-typical’ users, Dickinson et al. (2003) refer to, for example, users with learning 

difficulties and dyslexic readers. However, also ‘typical’ users, when tired, stressed or hung 
over, tend to deviate from the norm.  
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importantly, from contact with real users. Secondly, this understanding is 
transformed into concrete search interface solutions aimed at alleviating 
the problems encountered in searching and making the beneficial 
strategies available also to the less successful users. As part of the scope of 
this thesis, some of the new features are tested empirically to verify their 
success and to find ideas for future development. In essence, the goal is to 
face the challenge proposed by Hsieh-Yee (2001, p. 181): ‘Researchers also 
need to think beyond the constraints of current browsers and methods of 
information organisation and presentation to create usable information 
systems to support and enhance users’ work’.  

This thesis addresses four research questions:  

1. What kinds of strategies do users of Web search engines 
utilise and what kinds of problems do they encounter in 

a. query formulation and refinement, 

b. result evaluation, and  

c. information re-access? 

2. How do different groups of search engine users differ in their 
strategies and the problems they face during searches? 

3. Which strategies are advantageous in different phases of the 
search process? 

4. How can tools provide additional support for the 
advantageous strategies and alleviate problems in the search 
process? 

This thesis consists of eight publications (listed on p. ix) and an 
introduction to the topic and the publications. Before the individual 
publications, the terminology used in this thesis, the position of this work 
in the scientific field, and the search process framework used in the work 
will be presented. Then, chapters 3 and 4 will present current knowledge 
of the strategies and characteristics of searchers in different phases of the 
information search process, as well as the tools developed for facilitating 
the search process. Chapter 5 will discuss the methodological issues 
related to empirically studying information searching, along with the 
strengths and weaknesses of various methodologies. In Chapter 6, the 
main findings of the individual publications are discussed. As results 
typically generate new questions, Chapter 7 discusses directions for future 
research. Finally, in Chapter 8, conclusions concerning the findings on the 
whole are drawn. 
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2 The Web Information Search 
in Context 

2.1 TERMINOLOGY 
This thesis focuses on the information search via the Web. This activity is 
defined as the user’s intentional effort to find information relevant for the 
current task by means of the Web. Thus, the thesis does not focus on Web 
browsing per se, although interesting information may be found via that 
route as well. 

Research related to Web-based information search can be found under 
several different headings, such as information retrieval, interactive 
information retrieval, and information-seeking. The focus of information 
retrieval (IR) is on ‘the representation, storage, organization of, and access 
to information items’ (Baeza-Yates & Ribeiro-Neto, 1999, p. 1); information 
retrieval also refers to the act of utilising databases to find information 
(Byström & Hansen, 2005). In evaluating the performance of IR systems, 
precision (the proportion of relevant material among the retrieved results) 
and recall (the proportion of relevant material retrieved from the full 
document collection) are the most commonly used metrics (Baeza-Yates & 
Ribeiro-Neto, 1999, p. 75). For the searcher, the person carrying out the 
search, the best situation would be one where both recall and precision are 
perfect: exactly the relevant documents from the collection being retrieved. 
In practice, the relationship between recall and precision is inverse—as 
one increases, the other necessarily decreases (Buckland & Gey, 1994).  
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Traditionally, information retrieval systems have represented the 
underlying documents with keywords or index terms. Those are pre-
selected terms, typically nouns that are chosen to represent the content of 
the underlying document. Web search engines, on the other hand, 
typically use all the words in the document, the full text, as index terms 
(although some search engines remove very common words, stopwords, 
from the index). An index, in turn, is a data structure that has been built 
prior to search with a goal of speeding up the search (Baeza-Yates & 
Ribeiro-Neto, 1999, pp. 443–444, p. 452).  

When the user searches for documents via querying, retrieval systems 
using the exact-match principle (Boolean systems) return a set of 
documents that match the query specification. This result set is not ranked, 
meaning that all the documents (and the query terms) are assumed to be 
equally important to the searcher. In systems using the best-match 
principle, the retrieved documents are ranked in decreasing order of 
(estimated) relevance; the documents that best match the query are 
presented first. Also, the benefits of both principles (the structure of 
Boolean queries and the ranking mechanisms of best-match systems) can 
be combined to further enhance the performance of the IR system (Belkin 
& Croft, 1992; Salton et al., 1983). In Web search engines, the linking 
structure of the Web also can be utilised to increase the precision of the 
results (Brin & Page, 1998). 

To counterbalance the system-oriented tradition, a user-centred approach 
in information retrieval studies has gained popularity over time (Savage-
Knepshield & Belkin, 1999). Interactive information retrieval (IIR) studies 
take both the searcher and the system into account (interactive recall and 
precision metrics specially suited to IIR studies have been proposed by 
Veerasamy & Heikes, 1997). In information-seeking (IS) studies, on the 
other hand, the focus is heavily on the human side of the process. These 
studies also take into account the context of the search. In IS studies, 
search engines and search interfaces are typically of no interest (Vakkari, 
1999); the process of information-seeking does not require computers or 
technology.  

Several of the publications in this thesis discuss strategies, referring to the 
user’s actions or plans when searching for information (such as the 
strategy of e-mailing URLs to oneself as a method allowing re-accessing of 
information or the strategy of using broad queries). Earlier, Bates (1990) 
differentiated among moves, tactics, stratagems, and strategies. However, 
this thesis employs a simplified terminology by using the term strategy 
both for higher-order plans and for concrete actions.  

Although the topic of this thesis falls clearly within the field of interactive 
information retrieval, the perspective is one of human-computer 
interaction (HCI). In essence, HCI is concerned with designing interactive 
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computer systems that are effective, efficient, easy, and enjoyable to use 
(Dix et al., 2004, p. xvi). For designing such systems, the field is ‘concerned 
with understanding how people make use of devices and systems that 
incorporate or embed computation, and how such systems can be more 
useful and more usable’ (Carroll, 2003, p. 1).  

Improving the usability of systems is one of the major goals in HCI. By 
definition, usability means ‘the extent to which a product can be used by 
specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use’ (ISO-9241-11, 1998). It is 
important to notice that this definition specifies the users, their goals, and 
the context of use. Thus, usability is not a universal rating that can be 
given to a product—instead, the product’s usability needs to be measured 
in relation to these constraints. In usability studies, effectiveness is 
typically measured by the quality of solution, task completion speed, and 
error rate. Efficiency, on the other hand, refers to the task completion time. 
Although faster task completion is typically preferred, consistent 
performance is also important. Satisfaction refers to the users’ comfort and 
attitudes toward the system. It is important to consider all of these 
elements when the overall usability of the system is evaluated (Frøkjær et 
al., 2000).  

This thesis focuses on understanding the end users’ search process in 
order to design more usable search engines, these being tools that index 
the contents of the Web and allow users to query the index by using 
keywords (query terms, search terms). Not all services referred to as 
search engines are real search engines in the strict sense. Some of them use 
indices from other search engines; e.g., AllTheWeb2 uses Yahoo!’s3 index, 
and meta-search engines, such as Dogpile4, blend the results from several 
search engines together. However, the focus of this thesis is not on 
improving the indexing process or keyword matching of the search engine 
but, rather, on improving its user interface. The claims this thesis makes 
about improving ‘search engines’ or ‘search engine user interfaces’ apply 
to services that provide the user with a means of formulating queries and 
that return results from the Web no matter whether the results come from 
their own index or from an index maintained by some other search engine. 

2.2 SEARCHING THE WEB AND TRADITIONAL IR SYSTEMS 
The use of traditional information retrieval (IR) systems has been widely 
studied in information science both from the perspective of intermediaries 

                                                 
2 http://www.alltheweb.com/ (accessed 8 June 2005). 
3 http://www.yahoo.com/ (accessed 8 June 2005). 
4 http://www.dogpile.com/ (accessed 8 June 2005). 



…
…

…
…

…
 

 

 8 

and end users (e.g., Fidel, 1991a–c; Hsieh-Yee, 1993; Iivonen and 
Sonnenwald, 1998; Vakkari, 2000). However, the results from these studies 
cannot be directly applied to Web search engine use since the Web and 
traditional information search systems differ greatly in their search 
environment, in the material that is sought from them, and also in their 
user population. For example, library search systems deal with highly 
structured and relatively stable collections of material whereas the Web 
‘possesses an ever-changing and extremely heterogeneous document 
collection of immense proportions’ (Jansen & Pooch, 2001, p. 236). Thus, it 
is not surprising that there are marked differences in search strategies 
between users of traditional information search systems and those of Web 
search engines (these differences will be presented in Section 3.1). This 
literature review will mainly concentrate on studies that specifically focus 
on the Web search. Studies concerning information-seeking in other 
environments are reviewed where they provide information that can be 
expected to apply to Web searches also.  

2.3 POSSIBLE WAYS TO LOCATE INFORMATION FROM THE WEB 
When using the Web, people employ different methods in order to find 
information. Sometimes they directly enter the universal resource locators 
(URLs) of the pages into the Web browser, often they browse to the 
information by following links on other Web pages, they can have links 
suggested to them by certain systems, or they use search engines to state 
their information need and have the engines find information for them 
(Gordon & Pathak, 1999). A commonly cited ‘taskonomy’ of Web use was 
presented by Byrne et al. (1999b). They divided Web use into the tasks of 
using information, locating information on the page, going to the page, 
providing information, configuring the browser, and reacting to 
environment. Later, Choo et al. (2000) presented four different Web 
behaviours: undirected viewing, conditioned viewing, informal search, 
and formal search.  

When the user’s goal is specifically to find information, search engines are 
an obvious way to approach this task. It has even been claimed that search 
engines are becoming ‘answer engines’, tools that make browsing 
unnecessary by finding specific pieces of information instead of 
encouraging people to visit high-quality sites (Nielsen, 2004). Nevertheless, 
differing views have also been presented. Hertzum et al. (2001) suggested 
that the texts that contain the answer may not be the optimal entry points 
into the text collection but instead, it may be that users benefit from 
entering the collection at a higher level in the text hierarchy and then 
reading the text from there. However, the context of their study was a 
documentation for programmers, so the applicability of these results to 
Web needs to be studied. Teevan et al. (2004) suggested that the keyword 
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search may not be as common as others have suggested. Instead of 
jumping directly to information with the help of search engines (or 
teleporting), their participants commonly employed directed situated 
navigation (or orienteering). In orienteering, information is reached 
through a series of small steps; people arrive in the vicinity of the 
information with a large step (e.g., by means of a search engine), and they 
find the actual target by browsing.  

The present work focuses on active information searching using search 
engines. However, the importance of the other above-mentioned methods 
is also acknowledged. The other methods and tasks are especially 
important when the focus is on the whole search process. If there are 
interesting-looking links on the page, people will naturally follow them 
(employ browsing or orienteering), and if in the midst of a search session 
they remember the URL of a site that might contain the information, they 
will certainly use that. Knowing the numerous possible ways to use the 
Web, we have occasionally deliberately hindered the research participants 
from employing, for example, browsing behaviour and thus gained 
observations only in relation to their search engine use. On the other hand, 
some of the studies have been more naturalistic, allowing the users to 
utilise all of the strategies they normally use.  

2.4 MODELS AND THEORIES OF THE SEARCH PROCESS 
A great number of models for the information search process have been 
presented. The models differ in their details as well as their emphasis: 
classical search process models (e.g., that of van Rijsbergen, 1979; for a 
review, see Robertson, 1977) typically model the IR system without any 
particular emphasis on the user side of the process. However, they are an 
important basis for other models, such as models specifically tailored for 
the Web search (e.g., Broder, 2002; Hölscher & Strube, 2000). There are also 
models and theories of the cognitive and affective processes involved in 
the search process (e.g., Kuhlthau, 1991; Saito & Ohmura, 1998; Sutcliffe & 
Ennis, 1998) and models of the effects of experience in searching (Navarro-
Prieto et al., 1999), just to mention a few. In addition to these, the theory of 
information foraging takes ideas from evolutionary ecological theories to 
explain adaptive information behaviour (Pirolli & Card, 1995; 1999). In 
this review, four frequently cited models and theories are presented in 
brief. Following this, the relationship of the models and theories presented 
to the present thesis will be explained.  

Classical Model of Information Retrieval 
The classical model of information retrieval (see e.g., Bates, 1989; 
Robertson, 1977; van Rijsbergen, 1979) consists of the underlying 
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documents and their representations, on one hand, and of the user’s 
information need (expected to remain the same throughout the search) 
and the representation of this need (a query), on the other. These two 
representations are used in performing the actual retrieval function 
(processor)—i.e., executing the search. This model is presented as a 
diagram in Figure 1 (diagram modified from van Rijsbergen, 1979, p. 7). 

 

In this model, the documents are not directly matched with the user’s 
information need; instead, the system first forms representations of the 
documents. The representation can be, for example, a list of words that are 
considered significant. As a result of this process, the original text of the 
documents is not available to the user. To accommodate this, the user of 
the system needs to represent the information need in an artificial 
language—namely, in the form of a query. For effective querying, the user 
needs to know at least the basics of how the system represents the 
documents. Often, complex artificial languages need to be used in the 
queries in order to match the document representation and for relevant 
information to be acquired (van Rijsbergen, 1979, p. 6). 

This classical model is not user-centred, nor is it intended to be. Instead, it 
assumes that the user accommodates to the system’s way of working and 
that the user is willing to learn specific languages used by the system for 
representing the documents. However, currently full-text searches are 
commonly available in search systems, and the view taken by the classical 
model has thus been seen as less important. It has even been argued that 
the classical model fails to represent actual information searches 
adequately (Bates, 1989). 

Document 
representation 

Query 

Processor Output 

Feedback 

Input 
 

Figure 1: Classical model of information retrieval (modified from  
van Rijsbergen, 1979, p. 7). 
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Berry-picking Model  
The berry-picking model proposed by Bates (1989) differs from the 
classical IR model in several ways. First of all, this model focuses heavily 
on the searcher’s behaviour. It proposes that the user’s information needs 
and queries evolve throughout the search process as the user encounters 
new interesting pieces of information. Bates calls this type of searching 
evolving search. In addition, the model proposes that the user’s 
information need is not typically fulfilled by a single query. Instead, the 
information is retrieved ‘bit-by-bit’, akin to picking of huckleberries in the 
forest. Bates also highlights that people use many different search 
techniques in addition to ‘traditional’ searching from indexing services 
and bibliographies (which is assumed in the classical model presented 
above). Some of these techniques are footnote chasing (by following 
footnotes, the searcher moves backward through the reference list), 
citation searching (the searcher finds an interesting article, then finds out 
who cites it), and area scanning (browsing materials that are physically 
located close to previously found relevant material). Bates’s berry-picking 
model is a truly user-centred model taking the user’s needs and behaviour 
as the starting point for designing systems that are comfortable and 
familiar to their users.  

Cognitive Model of Information Searching by Sutcliffe and Ennis 
The cognitive search process model of Sutcliffe and Ennis (1998) presents 
four major activities that take place during an information search. These 
activities are now explained briefly. 

1. Problem identification: in this phase, the person identifies the need 
for information, which can, for example, arise from other external 
tasks. Larger problems are broken down into smaller components.  

2. Articulation of needs: in order for the user to utilise search tools in 
finding information, the need must be expressed in concrete 
terms—high-level semantics or concepts cannot be utilised in the 
current systems. The need to articulate the concepts in some 
language invariably causes the concepts to be refined and even the 
information need to change. 

3. Query formulation: this phase is dependent on the characteristics of 
the system and the user’s skills in formulating queries with the 
particular system. Following hyperlinks can be seen as extremely 
simple query formulation, where the user needs only to recognise 
links and click on them. In contrast, with a sophisticated system, a 
skilled user can formulate extremely complex Boolean queries. In 
this phase, the user needs to first identify possible search terms 
and then translate these terms along with correct operators into 
the language of the system. 
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4. Evaluation of results: the activity of results’ evaluation includes 
three sub-tasks: scanning of the retrieved set of results; evaluating 
whether the result set is useful or not; and, finally, deciding 
whether the results are acceptable or whether the search process 
should be continued by refining the query.  

In all of these actions, the users’ knowledge of the domain of the search, 
their knowledge of the particular search system, their background with 
information resources in general, and their IR knowledge have an effect on 
the behaviour. In addition to the stages presented above, Sutcliffe and 
Ennis also propose a detailed predictive model describing how searchers 
choose actions following certain conditions. For example, if the result set is 
small, the users are expected to broaden the query, by replacing AND 
operators with OR operators. However, the model can only account for 
expert strategies and does not apply well to the strategies of typical Web 
search engine users. 

Information Foraging Theory 
The basic assumptions behind the information foraging theory (IFT) 
(Pirolli & Card, 1995; 1999) come from evolutionary ecological theories 
that explain the food-gathering or foraging behaviour of different 
organisms. The basic hypothesis of IFT is that natural information systems 
(people) ‘evolve towards stable states that maximize gains of valuable 
information per unit cost’ (Pirolli & Card, 1999, p. 644) (analogously, 
organisms strive for states that maximise gains of food per unit of effort). 
Thus, according to the model, people are flexible and adaptive: not only 
do they adapt themselves, but they also change their environment so that 
the goal of maximising the rate of information gain is met. Information, 
like food, often is found in patches. Patches can be, for example, physical 
libraries or bookshelves but can also consist of virtual collections, like 
various Web search engines, e-mail collections, and file systems. With this 
patchy structure, information foragers constantly need to make decisions 
on how to optimally allocate time in between-patch vs. within-patch 
foraging.  

 In the case of food foraging, the organism typically needs to adapt to the 
constraints of the environment. In contrast, the information forager can 
often modify the environment to fit the available strategies. This process is 
called enrichment. Through enrichment, the forager can, for example, 
decrease the cost of between-patch foraging by placing the patches close 
together physically. Another way to enrich information is to improve 
information patches so that they yield better results. For example, in the 
context of information searches with keyword-based search engines, the 
forager can choose to improve the query in order to get better results.  
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To find good patches of information, IFT suggests, information foragers 
should follow the so-called information scent (Pirolli, 1997). This refers to 
‘the (imperfect) perception of the value, cost, or access path of information 
sources obtained from proximal cues, such as bibliographic citations, 
WWW links, or icons representing the sources’ (Pirolli & Card, 1999, p. 
646). If the scent of the information is strong enough, the forager can make 
a correct choice about the next step. If there is no scent, information 
searching is random.  

The theory of information foraging has been applied in several studies—
for example, to analyse and model information-scent-following in large 
data collections using Scatter/Gather (Pirolli, 1997; Pirolli, 1998) or a 
hyperbolic tree browser (Pirolli et al., 2001), to compare Scatter/Gather to 
other interfaces (Pirolli & Card, 1998), to develop a Web protocol analysis 
methodology (Card et al., 2001), and to explain how technical 
communicators learn search methods (Gattis, 2002). 

Search Process Framework in This Thesis 
The role of theories and models in designing user-centred information 
search systems is central. Bates (1989) highlights how incorrect models can 
actually be a hindrance to development: ‘As a consequence, as long as this 
model dominates information science thinking, it will limit our creativity 
in developing IR systems that really meet user needs and preferences.’ By 
‘this model’ Bates refers to the traditional search model (presented above), 
which does not take into account the evolving nature of the information 
need and the user’s queries.  

To model the highly complex information search process in order to make 
generalisations from the particular situation is a challenge. By nature, 
models are simplifications of reality (MacKenzie, 2003, p. 27). All the 
models and theories presented above are simplifications of the search 
process and as such are incomplete. Although incomplete, some of them 
take into account the complexity of reality: they acknowledge the variation 
that the underlying information need and the context of searching, as well 
as the user’s knowledge of the world, the system, and IR, cause in the 
process. Also the level of motivation, personal interest, and other 
emotional factors affect the search. A model incorporating all of these 
would have become immensely complex. As the models in HCI are useful 
only if they help in designing, evaluating, or providing tools for 
understanding complex phenomena (MacKenzie, 2003, p. 27), they still 
need to be manageable in complexity. 

To try and meet this challenge, the approach taken in this thesis is to go 
one more step towards simplification. Thus, not all of the different phases 
or stages presented in the models are considered in all of the studies—or, 
rather, their possible effects have been controlled to the greatest extent 
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possible. As already noted, the thesis focuses on the searcher side of the 
search process. Thus, the document, document representation, and 
processor of Figure 1 are not considered in any of the studies (in essence, 
the processor is treated as a black box receiving inputs from the users and 
outputting results in return, or, rather, the user outputs queries to the 
processor and receives results as input). In addition, the user side of the 
model as well is further simplified for current purposes by trying to 
control the ‘information need’ part of the model. Therefore, the classical 
model has two main parts, the query and the output (or input), that are of 
particular interest for this thesis.  

The berry-picking model (Bates, 1989), on the other hand, has a strong 
focus on the searcher and, accordingly, provides important concepts for 
the present work. The concept of evolving search is especially relevant for 
this thesis: along with Bates we believe that a search is an iterative process 
and not a single-step action. Thus, search engines should be designed so 
that they support evolving searches, especially in the form of query 
iteration. Also, the notion of different search techniques is central for the 
thesis. We acknowledge that searchers are creative and that they will use 
any technique they find useful.  

From the model of Sutcliffe and Ennis (1998), we tried to control the 
problem-identification and need-articulation activities in our studies as far 
as possible. The activities of query formulation and result evaluation, on 
the other hand, are focused on in several of the individual studies. The 
result evaluation action has the important sub-tasks of scanning and 
evaluating the results and then deciding whether to refine the query or 
stop the search. Those phases are also important for the current work.  

From the theory of information foraging, we adopted the idea that search 
strategies evolve toward those that maximise the ratio of valuable 
information gained to unit of cost. Along these lines, we have studied the 
information search and re-access strategies of experienced users in order 
to determine the most effective and efficient strategies. 

Considered in cognitive terms, searching is a more analytical and 
demanding method for locating information than browsing, as it involves 
several phases, such as planning and executing queries, evaluating the 
results, and refining the queries, whereas browsing only requires the user 
to recognise promising-looking links (Cothey, 2002). To better support the 
cognitive processes needed, we have divided some of the remaining stages 
from the existing models into smaller, and thus easier to study, pieces. For 
example, the sub-task of scanning and evaluating the result set includes 
several cognitive processes, such as perception, attention, working 
memory, long-term memory, thinking, and decision-making. Reading the 
text in the results, in turn, includes recognition of words, interpretation of 
the sentence structure and grammar, resolution of anaphors and 
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Query 

Search engine 
(matching and 
presenting the 
results) 

Need 
articulation 

Information 
storing 

Information 
use 

Problem 
identification 

Result 
evaluation 

Figure 2: Search process 
framework. 

metaphors, and encoding of memories (Oulasvirta, 2004). In considering 
how search interfaces could facilitate result scanning and evaluation, it is 
beneficial to think of the participating cognitive processes, along with their 
possibilities and limitations. For example, in order to evaluate the search 
engine’s result list, the user first needs to perceive what information might 
be important in the evaluation and to locate the information. In 
psychological literature, it is a well-accepted principle that people can 
effortlessly5  locate distinct features (such as colours, sizes, forms, and 
textures) in their visual field, given that the ‘distracters’ (i.e., other stimuli 
in the field) are relatively similar (Duncan & Humphreys, 1989; Treisman 
& Gelade, 1980; Ware, 2004, p. 149). In lists of search results, it is important 
that the users can quickly find the titles of the documents, as they can 
provide compact and accurate presentations of the contents of the 
documents. Thus, titles should be made visually distinct from the other 
material but similar to each other (to facilitate finding of the next title). 
Along these lines, it is relatively straightforward to take into account 
knowledge from cognitive psychology in 
the design of search interfaces.  

One aspect missing from the existing 
search process models is information 
re-access. By information re-access, we 
refer to the situation where the user 
found a piece of information earlier and 
now the same information is needed 
again. It is possible that the user has 
deliberately saved the information or a 
pointer to that information somewhere, 
but it is also common to have a need for 
information that did not appear 
important at the time of first encounter. 
Section 3.3 will provide a detailed view of 
possible methods for re-accessing 
information. 

Figure 2 presents the search process 
framework of this thesis. Problem 
identification and need articulation are in 
grey boxes, as the focus was not on their 
role in the search process and their effect 
was controlled as much as possible. Thus, 
the user first submits the query to the 
search engine via the search user 

                                                 
5 In this context, ‘effortlessly’ refers to the fact that these processes do not demand attentional 

resources; they occur pre-attentively.  
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interface, typically by typing a query into the text box. The actual search 
engine that performs the matching between the user’s query and the 
underlying index is a black box, something that the user cannot really see 
in the process (whether the search engine should remain a black box is 
debatable). Following the black box phase, the user receives the results via 
the user interface. The next phase for the user is to evaluate the results 
against the information need. The results can have an effect on the 
information need or need articulation, but those effects were not the focus 
of interest in this thesis, hence the grey lines. If the results were relevant, 
the user can directly start using the information, which can again have an 
effect on the information need and its articulation. Information can also be 
saved for future use. Otherwise, the query needs to be reformulated. It is 
also possible for the user to store information even if it is not relevant to 
the current information need, if (s)he thinks it might be useful in the 
future. 

 



…
…

…
…

…
 

 

  17  

3 User Strategies and 
Characteristics 

The previous section presented relevant models of information searching 
and limited the focus of the present thesis to only certain parts of the 
process (mainly query formulation and re-formulation, evaluation of 
results, and information re-access). This chapter will review studies 
presenting current knowledge of the strategies that users apply in 
different phases of the search process, as well as the effects of various user 
characteristics on the search process.  

3.1 QUERY FORMULATION AND REFINEMENT 
The primary method for studying users’ queries has been to analyse the 
transaction log files of Web search engines (Jansen et al., 1998; Jansen & 
Pooch, 2001; Jansen et al., 2000; Ozmutlu et al., 2004; Spink et al., 2000; 
Spink et al., 2002; Wang et al., 2003). These studies have shown that Web 
users differ markedly from users of traditional IR systems. Web searchers 
use short queries (about two terms per query), they rarely use Boolean 
operators or term modifiers, and they often make mistakes with more 
elaborate queries (Jansen & Pooch, 2001; Jansen et al., 2000; Silverstein et al., 
1999; Spink et al., 2000; Wang et al., 2003); these strategies have remained 
the same for years (Jansen & Spink, forthcoming). By contrast, users of 
traditional information search systems have been found to use 
considerably longer queries and to frequently utilise advanced query 
formulation methods (Jansen & Pooch, 2001).  
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In best-match systems, the more information the searcher provides about 
the information need, the better the search results will be (Belkin et al., 
2003). However, as many search engines use an implicit AND operator to 
connect search terms, providing more information is not as simple as 
typing in more query terms: the terms need to be highly relevant to the 
task, and they need to be entered in combination with system-specific 
correct syntax. When the user needs the recall to be high (for example, 
when conducting a literature review), a good way to formulate the query 
for the most popular search engine, Google6, would be to divide the 
information search task into different facets. Each facet could then be 
represented by synonyms, with the synonyms combined via OR operators, 
and the different facets via AND operators (e.g., (cat OR kitten OR kitty) 
AND (images OR pictures OR pics)). Sutcliffe and Ennis (1998) refer to 
this kind of querying as detailed querying. They assume that detailed 
querying requires the users to understand the functioning of the search 
system, as well as to be familiar with the topic of the search.  

Log analyses have shown detailed querying to be very rare in Web 
searching; it has even been suggested that it brings too little added benefit 
to be worth the trouble (Eastman & Jansen, 2003; Jansen, 2000). We feel 
this statement to be an exaggeration; if detailed querying is used correctly 
in adequate search tasks, it will undoubtedly provide better results (search 
efficiency and effectiveness will increase) than simple querying does. 
Another querying style presented by Sutcliffe and Ennis (1998) is iterative 
querying. In this technique, the queries are simpler, but the user iterates 
the query to eventually find relevant material. Surprisingly, log studies 
have shown that iterations are also very rare in Web searches, most users 
submitting only one query per search session (Jansen et al., 2000; 
Silverstein et al., 1999). Due to log analyses relying on anonymous user 
data, they cannot provide answers to the question of whether users 
immediately found what they were looking for, with their first query, or 
whether they gave up on the task when their simple queries did not 
provide them with relevant results. Other methods, such as observational 
studies, are needed to study the relationship between different strategies 
of querying and search success. 

Several studies have suggested that simple querying may result in 
difficulties. Users with little experience often assume that the first query 
should return relevant results—if it does not, they tend to give up on the 
task (Brandt & Uden, 2003; Pollock & Hockley, 1997). One reason for this 
might be that search engines are currently very precise in navigational 
queries (for example, home pages of companies are typically right at the 

                                                 
6  Recent statistics show that about 47% of searches by US home and work Web users are done 

using Google; for more information, see 
http://searchenginewatch.com/reports/article.php/2156451 (accessed 13 June 2005). 
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top of the list returned by any search engine when the query contains only 
the name of the company). Thus, the users might get a false expectation 
for the results of other kinds of queries to be similarly accurate7. Perhaps 
surprisingly, also the users of a selected academic search service do not 
seem to understand how the queries are handled by the search engine 
(Wang et al., 2003). For example, they assume that adding terms to the 
query resolves the problem of not receiving any results (the following are 
actual queries from the log files studied by Wang et al.: of theses  
preparation of theses  Guide to the Preparation of theses, all with 
0 hits) or they even explicitly add an AND operator between the terms in 
order to resolve the zero-hit problem (ewan unix  ewan unix domain  
ewan AND unix AND domain  ewan AND unix AND domain AND help AND 
setup, all with 0 hits). Thus, it seems that the mental models the users 
have of the functioning of the search systems and the models that the 
search systems follow are very different. 

If the user chooses to refine the query for the search topic, the refinement 
can be a generalisation or a specification of the topic, or the query can be 
completely reformulated while the topic remains the same (Lau & 
Horovitz, 1999). In relation to the number of results retrieved, the user can 
choose to broaden the query if the result set was too small (by reducing 
the number of query terms or by introducing disjunctions between terms) 
or can narrow the query because of the result set being too large (by 
adding terms or introducing conjunctions) (Sutcliffe & Ennis, 1998). 
Generalisation and broadening, as well as specification and narrowing, 
refer to the same basic query refinement styles. This thesis uses the terms 
broad and precise queries (Publication I) to refer to the outcomes of such 
query modifications. However, as already stated, log studies have found 
query refinement to be rare. 

Query refinement is a difficult activity from a cognitive standpoint. The 
user knows that the terms entered for the first query were not optimal—
i.e., that the results did not answer their information need. In order to 
improve the query, affected users should come up with synonyms of the 
terms they entered or a completely new way of expressing their 
information need. This task is inherently difficult, as cognitive processes 
are much more effective in handling information about what is present 
than they are in dealing with information on what is not present (Hearst, 
1991). However, when the user is deeply familiar with the domain of the 
search, the task of discovering new terms is easier. In this case, the original 
terms the user entered in the query have strong semantic links to related 
terms in their memory. As one of the terms activates, the activation 
spreads to other terms in the semantic network (Collins & Loftus, 1975). 

                                                 
7  This was suggested in the presentation ‘How search engines shape the Web’ by Andrei Broder 

at the 14th International World Wide Web Conference. 
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By providing the user with term suggestions, the search systems can 
considerably lessen the cognitive burden related to thinking of new search 
terms. Examples of systems offering term suggestions are presented in 
Section 4.1. 

In summary, studies have shown that Web searchers are not very 
sophisticated in their query formulation. There is also evidence that 
inadequate understanding of the query formulation sometimes results in 0 
hits and in severe problems in recovering from this situation (Wang et al., 
2003), as well as in giving up on searching too easily (Brandt & Uden, 2003; 
Pollock & Hockley, 1997). Thus, Web searchers seem to be in need of 
assistance already in this early phase of the search process.  

3.2 EVALUATION OF RESULTS 
The user’s task in the result evaluation phase is to decide whether the 
individual results are worth a more detailed inspection (whether the links 
should be followed or not), and whether the query needs to be refined. In 
essence, the user needs to evaluate the relevance of the documents 
retrieved. The relevance of the retrieved documents has been a central 
concept in the development of IR systems; the more relevant documents 
the system can retrieve, the better. However, relevance is a complex 
concept to define. Mizzaro (1997), in his thorough review of the history of 
relevance, presents a framework for various kinds of relevance. The 
framework is too complex to present here; suffice it to say that it is always 
essential to understand the context of relevance and the fact that relevance 
is not an unambiguous concept (e.g., a document may be relevant to the 
information search task or query but not to the user, because (s)he has 
already gained the necessary information from another document). 

Traditionally, the complexity of relevance has been simplified by making 
binary relevance judgements: each document is simply judged relevant or 
not relevant. The relevance is commonly related to the topic of the search: 
if the document deals with the topic (at all), it is considered relevant. 
However, for the user, relevance is not binary. A document may be also 
partially relevant or related to the task at hand. Spink et al. (1998) 
suggested that partially relevant documents may be especially beneficial 
to users in the early stages of the search process by ‘facilitating the 
necessary development of a greater understanding of their information 
problem’ (Spink et al., 1998, p. 612). In the Web environment it is also 
possible for the document itself to, while not relevant, provide the user 
with a link to a relevant document. Thus, the document is useful for the 
search task.  
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Beg (2005) proposed that, as relevance evaluation is inherently subjective, 
researchers should rely on user satisfaction when, for example, they 
compare different search engines. To this end, they presented a method 
for collecting implicit relevance feedback from the user’s actions. Their 
‘search quality measure’ takes into account, for example, the sequence of 
visiting documents, the time the user spends inspecting a document, and 
explicit actions denoting interest (such as printing, e-mailing, saving, and 
bookmarking). Used in combination, these measurements provide a good 
indication of the relevance of individual results. 

Most commonly, Web search engine users make their initial evaluation of 
a result’s relevance by relying on a textual representation of the 
underlying document or document surrogate (Veerasamy & Heikes, 1997). 
In this thesis, the surrogates are also referred to as document summaries or 
search results. Different methods for creating document surrogates are 
introduced in Section 4.2. In Web search engines, the document surrogates 
are typically presented in a textual list with 10 surrogates per page 
(though some search engines let the user choose the number of surrogates 
presented per page). The form of the result page should be such that it is 
quickly perusable, meaning that it should provide quick and concise 
indication of the contents of the documents, as well as the success of the 
query (Veerasamy & Heikes, 1997).  

Transaction log studies have shown that search engine users tend to check 
only the first result page (10 results) for each query (Jansen & Pooch, 2001). 
Thus, users are largely dependent on the search engine’s ranking 
algorithm when evaluating the success of their search. To measure 
precision in Web searches (relevant results as a proportion of the number 
of results retrieved), researchers have proposed metrics that take into 
account only the first 10 or 20 documents in the result set and use that set 
to calculate the precision of the search—this is the number of results that 
the searchers are most likely to see (Chu & Rosenthal, 1996; Leighton & 
Sricastava, 1999). 

To evaluate the relevance of results, Sutcliffe & Ennis (1998) suggested 
that searchers use three different techniques: serial search, scanning, and 
systematic sampling of the retrieved result set. When the number of results 
is large, scanning and sampling are needed, whereas smaller result sets 
render it possible to inspect the contents of the actual documents. Eye-
movement recording (eye-tracking) is a convenient method for studying 
the different result evaluation strategies, as the location of the gaze is a 
good predictor for the location of the users’ attention. Granka et al. (2004) 
studied how users browse a result listing and how they select links to 
follow. Their results suggested that users tend to spend most of their time 
fixating on (looking at) the first and the second result before their initial 
click, while the third and following results got significantly less fixation 
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time. In addition, the study’s results indicated that users tend to follow a 
sequential strategy in scanning the results: they go from top to bottom 
until they follow a link. 

In another study using eye-tracking, Klöckner et al. (2004) identified two 
different scanning strategies: in the depth-first strategy, the result 
summaries are examined one by one in order until a document is opened 
by following the corresponding link from the list. This strategy was found 
to prevail in the study by Granka et al. (2004). In the breadth-first strategy, 
the user looks through the full result list before opening any documents. 
The results showed, again, that the majority of users used the depth-first 
strategy (65%), whereas only 15% used solely the breadth-first strategy. 
The remaining 20% of the participants used a mixture of these strategies. 
In another study, the authors tried to make the breadth-first strategy more 
attractive by letting the participants open only 10 documents of the 25 and 
rewarding them for each relevant document. This time, the participants 
completed two tasks. Regardless of these incentives, the majority of the 
participants (52%) still used a depth-first strategy, while only 11% used 
solely the breadth-first strategy. Only one search task and one stimulus 
(result list) were used in the first study, with two tasks and result lists 
used in the second study. Thus, the type of the search task and the result 
list played a great role in the results, presumably. It is conceivable that if 
the query is successful in producing accurate results, it is a good strategy 
to scan (and possibly also open) the results one by one in order (the serial 
search of Sutcliffe & Ennis, 1998). On the other hand, if the query is less 
successful, a breadth-first strategy might be more appropriate.  

3.3 INFORMATION RE-ACCESS 
Studies have shown that Web users commonly re-visit pages they have 
found earlier. Tauscher and Greenberg (1997) found that 58% of the pages 
the users in their study visited had been visited earlier, and Cockburn et al. 
(2003) presented an even higher proportion, 81% of the page visits being 
revisits. In order to use information efficiently, people need to have easy 
ways of re-accessing information they have found earlier, or methods for 
‘Keeping Found Things Found’ (Jones et al., 2001). Some of the current 
methods for re-accessing information require the user to explicitly indicate 
that a piece of information is interesting (e.g., by saving the document or 
creating a bookmark in the Web browser), but there are also tools that 
make it possible for the user to re-access information that did not seem 
worth saving on the first encounter (such as a browser history tool or 
auto-complete function that provides completion options for partially 
entered URLs).  
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Current Web browsers provide tools for information re-access, in the form 
of ‘Bookmarks’ or ‘Favorites’ (different names are used in different 
browsers; in this thesis, the term ‘Bookmarks’ will be used to refer to these 
tools) and a history tool. Bookmarks seem to be the most common method 
for re-accessing information. In the study of Abrams et al. (1998), 94% of 
the respondents had bookmarks, and in a more recent study (Bruce et al., 
2004), the proportion of respondents using bookmarks was 90%. While an 
important tool for re-accessing information, bookmarks do have some 
well-known problems. For example, they are generally accessible from one 
computer only; they are difficult to organise, especially when the 
collections grow large; and they do not guarantee information re-access 
(Abrams et al., 1998; Jones et al., 2001). 

Unlike bookmarks, the history tool is very infrequently used. Studies have 
reported the use of the browser history tool to constitute only 1% of all 
navigational acts (Tauscher & Greenberg, 1997), or that it was the means 
for page re-access in under 3% of cases (Catledge & Pitkow, 1995). One 
problem with the history tool is that it is non-selective. It retains every step 
along the way, although only one page may have been important. Thus, 
the history list becomes inevitably cluttered. An additional problem with 
history tools is their reliance on page titles, which can sometimes be 
misleading or missing altogether. The Back button, which is specifically 
designed for session-specific information re-access, is, by contrast, a very 
important tool in navigation. It has been found to account for between 
30% (Tauscher & Greenberg, 1997) and 41% (Catledge & Pitkow, 1995) of 
all navigational acts.  

Although all Web users presumably use methods of re-accessing 
information, most studies addressing the matter have concentrated on the 
information-keeping and re-accessing methods of highly experienced 
users (knowledge workers, computer scientists, or other ‘high-end 
information users’). These users are known to invent their own methods 
for information re-access, supplementing the ones provided by Web 
browsers. They, for example, e-mail URLs to themselves or other people 
(the goal being to create a ‘to-do’ entry in the inbox or to have another 
person check interesting material), save Web pages as files, paste URLs to 
documents or personal Web pages, drag links from the browser’s address 
bar to separate folders, or write URLs down on paper (Aula & Käki, 2003; 
Jones et al., 2001; Jones et al., 2003).  

As already noted, experienced users are innovative in their use of 
retaining and re-accessing methods—they tend to invent new methods if 
the existing methods do not match their needs or functionalities they 
require. By comparing the functionalities of different methods of keeping 
information, Jones et al. (2001) showed that some important functionalities 
are not well served by the current tools. Table 1 is redrawn and modified 
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from Jones et al. (2001) to show the correspondence between different 
functionalities and methods. The darker the cell in the table, the better the 
method matches the required functionality (originally, Jones et al. used the 
words ‘low’, ‘medium’, and ‘high’ to represent the match; here, a white 
cell represents ‘low’, light grey ‘medium’, and dark grey a ‘high’ degree of 
matching). The cells with question marks represent cases where the match 
is debatable, and the ones with a ‘–’ represent cases where Jones et al. did 
not provide a rating for the match at all. 

Table 1: The match between functionalities required from information keeping and re-
accessing tools, and the methods used for this purpose (the darker the cell, the higher 

the match). Table originally presented in Jones et al. (2001). 
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E-mail to self           

E-mail to others        ?   

Print-out           

Save as file ? ?      ?   

Paste URL in document  ?     ? ?   

Personal Web site       ?    

Search         –   

Direct entry        –   

Bookmarks           

History          – 

 
From this table, it is easy to see that the two tools specifically designed for 
re-accessing information, bookmarks and the history tool, have a rating of 
‘low’ for all functions apart from preservation (this referring to all the 
contents and functionalities of information being maintained; for example, 
if a Web page is printed out, the preservation is low, as the interactivity is 
lost) and currency (i.e., freshness; whether the information is real-time or 
not). In addition, preservation is not guaranteed with these tools, as they 
save only a pointer to the information, not the actual contents. Thus, it is 
not surprising that experienced users invent their own methods for 
information re-access, which can serve significantly more functions than 
the existing tools do.  

3.4 THE EFFECTS OF DOMAIN AND SEARCH SYSTEM EXPERTISE 
The studies focusing on the effects of experience in Web search behaviour 
often consider experience as an indicator of expertise. This view is in line 
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with the ideas of the information foraging theory (presented in Section 2.4), 
which states that foraging strategies evolve over time toward the most 
effective and efficient ones. Thus, participants have typically been divided 
into two groups based on their level of experience, with the more 
experienced people called experts and the less experienced called novices 
(Jenkins et al., 2003; Khan & Locatis, 1998; Lazonder, 2000). One drawback 
in such a division is that the groups are internally heterogeneous (in an 
ordered list, the last expert and the first novice are likely to have very 
similar levels of experience, whereas the first and last expert may be very 
different in this respect). Furthermore, there does not seem to be 
consensus on what constitutes relevant experience in this case: experience 
in Web or Internet use, in Web searches, in using computers, or possibly in 
studying (different approaches have been used in Brand-Gruwel et al., 
2005; Jenkins et al., 2003; Khan & Locatis, 1998; Lazonder et al., 2000; 
Navarro-Prieto, 1999; Saito & Miwa, 2002). Some studies have used 
certification (Shanteau et al., 2002) as the basis for dividing people into 
experts (e.g., Internet professionals) and novices (non-professionals) 
(Hölscher & Strube, 2001). These issues are discussed in detail in 
Publication II. 

Notwithstanding the problems related to defining experts and novices, 
studies have generally proposed that experts are more sophisticated in 
their searching than novices are. Experts use longer and more complex 
queries, are better aware of the features of the system they are using, and 
sometimes employ imaginative strategies for searching (e.g., copying and 
pasting search terms directly from documents) (Aula & Käki, 2003; 
Hölscher & Strube, 2001; Jenkins et al., 2003; Lazonder et al., 2000). 
Different studies have presented contradictory findings on whether the 
frequency of query iteration increases or decreases with experience (Aula 
& Käki, 2003; Hölscher & Strube, 2001; White et al., 2002). Fields et al. (2004) 
studied the strategies of professionals (librarians) and clients when using a 
digital library and found the professionals to systematically iterate their 
queries, manipulating the query in order to decrease or increase the 
number of results, as well as to explore the result set in order to learn 
about the domain of the search. There are also studies that do not support 
the view that the sophistication of searching increases with experience. 
Cothey (2002) followed a group of college students over 10 months and 
found the students to adopt a more passive browsing approach to 
information searching as they gained experience. Thus, these students 
were using search engines less at the end of the 10 months, and also their 
overall use of the Web had become more sporadic. 

Novices, on the other hand, are known to have several misconceptions as 
to how search engines work. They believe that the authors of Web pages 
need to register their pages with search engines, they believe that search 
engines can extract semantic meaning from the pages, they use natural 
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language in their queries, they try to express several searches at the same 
time, and they over- or under-specify their search requests (Brandt & 
Uden, 2003; Pollock & Hockley, 1997). In their search performance, these 
misconceptions typically result in longer task completion times, a smaller 
number of tasks being completed, and less efficient search strategies 
(Khan & Locatis, 1998; Lazonder et al., 2000; Palmquist & Kim, 2000; Saito 
& Miwa, 2002). 

In addition to expertise related to search tools (computers and the search 
engine) and the search environment (the Web), expertise related to the 
search domain is also likely to have effects on search behaviour. For 
example, a user with more knowledge of the domain can be expected to 
utilise more appropriate terms in the queries and to know more terms 
(synonyms) related to the topic. Not surprisingly, both traditional IR 
research and studies addressing Web searching have found domain 
experts to approach search tasks differently from novices. Domain experts 
have been claimed to plan their search beforehand, to use more 
sophisticated queries, and to be more efficient and effective in performing 
search tasks (Downing et al., 2005; Hölscher & Strube, 2001; Jenkins et al, 
2003; Navarro-Prieto et al., 1999; Vakkari, 2000). 

Domain and tool expertise have combined effects also. Both Hsieh-Yee 
(1993) and Vakkari et al. (2003) have suggested that domain expertise 
affects the search terms and strategies, but only when the user is 
sufficiently experienced with the search system (DIALOG and PsychINFO, 
in these cases). Hölscher and Strube (2001) found that participants with 
high domain expertise and low Web expertise were reluctant to use 
advanced query formatting, but their domain expertise allowed them to 
compensate for this by being more creative in thinking about the query 
terms. Overall, those participants who could rely on both domain and 
Web expertise were the most successful with the search tasks, whereas the 
‘double-novices’ had severe problems with the tasks. Jenkins et al. (2003) 
also showed that the four different expertise groups (domain/Web 
expertise high/low) differ markedly in their search strategies. 

The expertise of the searcher is clearly a factor that needs to be taken into 
account in the design of an information search study. One possibility for 
making sure that experience does not interfere with the results when it is 
not the factor of interest is to use a within-subjects design in the study. 
This approach will be discussed in Chapter 5.  

3.5 EFFECTS OF AGE  
Given the enormously heterogeneous user population of Web search 
engine users, it is encouraging that the effects of age on information search 
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behaviour have received interest among researchers. The strategies of 
children and older adults have been the focus in these studies, whereas the 
adults (middle-aged) have been treated as the standard user group.  

In general, the studies focusing on children’s use of search engines have 
reported several problems in the search process. For example, Schacter et 
al. (1998) found that primary-school children do not plan their searches 
(they are ‘reactive’), do not use consistent search techniques, and employ 
full-sentence requests when these are not supported by the search engine. 
These strategies resulted in relatively poor search performance, especially 
in well-defined search tasks. With well-defined tasks, there are clear 
criteria for when the task is solved, and children faced difficulties in 
meeting these criteria. Fidel et al. (1999) studied the Web use of high-
school students in an observational study. They concluded that although 
the students enjoyed searching, they still faced several problems that 
could be alleviated via training and more user-centred system design. Bilal 
and Kirby (2002) studied the behaviour of seventh-grade students (age 16-
17) and compared their behaviour to that of postgraduate students. They 
found that the usability problems of the search engine used in the study 
(Yahooligans!) were the main reason for the problems in searching 
encountered by both user groups. However, the postgraduate students 
recovered from the problems more easily, whereas the children often 
could not complete the task because of the problems.  

As the ‘Baby Boomers’ age, the number of elderly Web users will 
inevitably grow. Currently, about 22% of people in the United States who 
are over 65 years old are using the Internet (Fox, 2004). In order for older 
adults to become fully qualified Web users, it is essential that search 
engines meet their specific needs. The reason older adults need special 
focus as search engine users stems from the fact that ageing is generally 
related to certain physiological and psychological changes. For example, 
older people are more likely to exhibit reductions in working memory 
capacity and problems with prospective memory, declines in spatial 
abilities, increased likelihood of attentional distractions, difficulties in 
problem-solving and learning, and problems with hearing and vision 
(Hawthorn, 1998a). Psychomotor functioning (relevant to, e.g., using a 
mouse) also declines in old age (Hawthorn, 1998b; Smith et al., 1999). 
However, it should be noted also that as people age, the variability in their 
functioning increases tremendously: there are people who show little 
decline in their functioning as well as people who have severe age-related 
disabilities (Gregor et al., 2002; Powell & Whitla, 1994; Rogers et al., 1997). 

In addition to psychological and physiological changes, older adults are 
known to have fears and anxieties where new technologies are concerned 
(Ellis & Allaire, 1999; Gregor et al. 2002; Kurniawan et al, 2002). This is not 
too surprising when one considers the differences between younger and 
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older people as regards the context of learning and use of new 
technologies. Younger people commonly learn to use computers either at 
school or at work, with other people around to help at all times, whereas 
those who are older often learn and subsequently use a computer alone (or 
with another novice computer user in the household) (Chadwick-Dias et 
al., 2004). Learning to use a computer may well feel frightening when 
support is not readily available. A helping relative might not be adequate 
for continuous support, as the following quote from Goodman et al. (2003, 
p. 27) shows: ‘My son is fed up with me phoning for help, so I try not to 
bother him’. Not surprisingly, older adults are eager to learn new 
technologies provided that adequate training and support is provided 
(Kubeck et al., 1999; Rogers et al., 1997). Collaborative learning 
experiences are even known to be directly related to expertise in using the 
Web (Chadwick-Dias et al., 2004).  

Older adults’ use of the Web—or, specifically, Web search engines—has 
received relatively little attention thus far. However, some studies have 
suggested that older adults have problems understanding the structure of 
the Web and the terminology, that they are cautious of clicking on links, 
and that they are generally less efficient at search tasks than are younger 
adults (Chadwick-Dias et al., 2003; Kubeck et al., 1999; Meyer et al., 1997). 
Publications VII and VIII focus specifically on the issue of how the Web 
could be made accessible also to older adults. 

3.6 COGNITIVE STYLES IN INFORMATION SEARCHING 
Although differences in the search strategies of different user groups have 
been found, the groups themselves are not homogeneous. Instead, people 
with similar levels of search and Web experience may employ 
significantly different search strategies. Attempts have been made to 
associate various psychological factors, such as field-dependence vs. field-
independence, perceptual speed, imager/verbaliser cognitive style, study 
approaches, and spatial visualisation abilities, with the different 
information search strategies that people employ and to their success in 
search tasks (Allen, 1994; Downing et al., 2005; Ford et al., 2003; Ford et al., 
2005a; Ford et al., 2005b; Kim & Allen, 2002). For example, higher 
perceptual speed has been associated with improved performance on 
systems that suggest search terms to the user. Although people with lower 
perceptual speed may not benefit from the term suggestions, their 
performance does not seem to suffer as a result of them (Allen, 1994). In 
addition to different cognitive factors, such affective and motivational 
factors as self-efficacy, active interest, fear of failure, and intention to excel 
can have an effect on the search process (Ford et al., 2003; Ford et al., 2005a; 
Ford et al., 2005b; Slone, 2002). For example, people who have higher 
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motivation are, unsurprisingly, more persistent in search tasks (Slone, 
2002). 

Differences in participants’ cognitive styles were not evaluated in any of 
the studies in this thesis. However, we believe that they are an important 
factor that can markedly change the styles that people use in the various 
phases of the search process. For example, in Publication III, we will 
present economical and exhaustive result evaluation styles. It may well be 
that these styles correlate with certain cognitive styles or the personality 
types of the participants. However, observable differences in interaction 
style can already be utilised in providing relevance feedback to the search 
engine, whereas information about the user’s cognitive style may be more 
difficult to utilise in search interfaces. Thus, we decided to focus on the 
observable differences in behaviour.  

3.7 THE EFFECTS OF USERS’ GOALS ON THE SEARCH PROCESS 
Several taxonomies have been presented for classifying task types, users’ 
types of information needs, or users’ goals in information searches. We 
will consider these to refer to, in essence, the same factor, the major 
difference between them being the point of view taken.  

Proceeding from questionnaire data, as well as an analysis of transaction 
log data from a search engine, Broder (2002) presented a taxonomy of Web 
searches with three types: navigational (the intent is to find a particular 
Web site), informational (the intent is to acquire some information), and 
transactional (the intent is to perform a Web-mediated activity). Later, 
Rose and Levinson (2004) presented a hierarchy with similar main 
information goals—navigational, informational, and resource (the goal is 
to obtain something other than information). They further divided the 
informational and resource goals into multiple sub-types. Their sub-types 
of informational search goal were directed (with two sub-types, closed and 
open), undirected, advice, locate, and list goals. For resource goals, the 
sub-types were download, entertainment, interact, and obtain. Analysis of 
the frequency of the different query types showed that users submitted 
queries with informational, resource, and navigational goals 
approximately 60%, 25%, and 13% of the time, respectively.  

Cutting et al. (1992) presented information searches from databases as 
analogous to the use of books as an information source: if the information 
need is specific, the user goes directly to the index of the book, locates the 
keyword from there, and proceeds to the information (analogous to 
keyword-based information searches in electronic databases). However, 
when the person is interested in gaining an overview of the book or does 
not have any specific questions in mind, (s)he tends to look for the book’s 
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table of contents first and possibly browse the contents from there. The 
authors suggest that document clustering could be used to provide an 
overview of the document collection (document clustering is discussed 
further in Section 4.2). Cutting et al. also note that information searching 
typically moves across the spectrum. The searcher may start with 
browsing, with the search becoming more focused after the goal has been 
specified (specific keywords can be used). Similarly, Navarro-Prieto et al. 
(1999) divided search tasks into two types, fact-finding tasks (for a specific 
information need) and exploratory tasks (open-ended tasks, with the 
outcome of the search not known in advance).  

A questionnaire-based study by White and Iivonen (2001) provided 
evidence that people take into account the question-related factors in their 
choice of initial Web search strategies. The tasks in their study varied in 
two dimensions, open/closed question and predictable/unpredictable 
source. The predictable/unpredictable source dimension was seen as 
having an especially great effect on the strategies that people choose: 
when the source is predictable, people commonly choose to directly type 
in the URL of the page. For unpredictable tasks, on the other hand, Web 
search engines are the most popular choice. 

Not only the types of information being searched for but also the topics of 
searches have been studied by analysing transaction log data. Spink et al. 
(2002) summarised results from three studies and showed that 
entertainment and recreation; commerce, travel, employment, and the 
economy; people, places, and things; computers and the Internet; sex and 
pornography; and health and sciences have been the most common topics 
over the years. 

In the studies presented in the present work, we mainly used 
informational search tasks, which were directed (‘I want to learn 
something in particular about my topic’) and either closed (‘I want to get 
an answer to a question that has a single, unambiguous answer’) or open 
(‘I want to get an answer to an open-ended question, or one with 
unconstrained depth’) (the quoted text is from Rose & Levinson, 2004). We 
call closed informational search tasks fact-finding tasks and open 
informational tasks exploratory tasks. Furthermore, the tasks we used 
were typically about finding information whose source was unpredictable 
(White & Iivonen, 2001). These constraints resulted in increased control 
and decreased levels of noise in the user studies. In essence, these specific 
task types made it easy for us (the researchers) and the users to evaluate 
task completion and the relevance of the material. Topic-wise, the search 
tasks mostly had to do with health, recreation, computers, the Internet, 
people, and education. Thus, they represented most of the topics that 
general Web users have been found to search for (Spink et al., 2002). 
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4 Interface Solutions 

In this chapter, existing tools or designs to support the separate phases of 
the search process will be reviewed. The focus will be on query 
formulation and refinement, evaluation of results, and information re-
access. Section 4.4 will focus specifically on issues related to designing 
search interfaces for the elderly. This review is not intended to be 
comprehensive. Rather, the goal is to show examples of different 
approaches taken to facilitate the information search process. For a 
comprehensive review of visual information-seeking systems, the reader is 
referred to Hearst (1999).  

4.1 SUPPORT FOR QUERY FORMULATION AND REFINEMENT 
Dennis et al. (2002) presented four central paradigms for searching the 
Web. In an unassisted keyword search, the users present their information 
need to the search engine in the form of keywords, and the search engine 
returns a list of results. In an assisted keyword search, the search engine 
presents the users with suggestions on how the query could be modified. 
In a directory-based search, the information is divided into categories and 
the user can browse toward the needed information via hyperlinks. In 
these systems, the users do not need to formulate their information need 
as a query. Query-by-example systems rely on the user’s feedback in 
improving the relevance of the results. After receiving the initial list of 
results, the user chooses an interesting-looking document summary and 
tells the search engine to find ‘more like this’. 

Current search engines commonly have an advanced search page offering 
support for formulating Boolean queries or queries containing other 
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advanced term modifiers. In most major8 search engines (e.g., Google, 
Yahoo, and Ask Jeeves), the advanced search pages have options for 
‘showing’ or ‘finding’ results with all the words, an exact phrase, any of 
the words, and none of the words entered in the text boxes. Ask Jeeves also 
has an option for including terms as ‘should have’. After the user has 
entered the terms in the text boxes, the query is presented with the syntax 
that could have been typed directly into the query box on the normal 
search page. An example from the advanced search page of Yahoo!, as 
well as the ‘translated query’, is presented in Figure 3.  

 

In addition to having similar textual options as Yahoo! and other major 
search engines, MSN9 recently introduced their updated search service 
where the user can choose certain ranking options with sliders (Figure 4). 

                                                 
8  Major search engines listed at http://www.searchenginewatch.com/links/article.php/2156221 

(accessed 10 June 2005). 
9  http://www.msn.com (accessed 16 June 2005) 

 

 

 
Figure 3: The advanced search page of Yahoo! (above) and the same  

query presented in the query box (below).
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However, as already noted, advanced queries are very rarely used in Web 
search engines and when they are used, people often make mistakes in 
their formulation. Thus, the explanations on the advanced search pages 
might not be clear enough for people to understand how to formulate 
advanced queries. Other approaches for facilitating the formulation of 
Boolean queries have been presented. For example, faceted query fields 
and Venn diagrams can be used to make it easier to enter queries, as well 
as to visualise the number of hits for each subset of the diagram. Although 
allegedly somewhat complicated for less technically savvy people, Venn 
diagrams have been shown to outperform the conventional style of 
entering Boolean queries, at least when used by computer science students 
(Hertzum & Frøkjær, 1996). Another approach that facilitates the 
formulation of complex queries is to have the systems formulate the 
queries on behalf of the user. In the ‘Query-by-Browsing’ system (Dix, 
1998), the user selects items that (s)he is interested in and the system infers 
a query that accounts for the selected subset of items. This query is then 
confirmed by the user and refined if needed.  

A tool called transparent queries was designed to facilitate the user’s 
understanding of how different search engines handle queries. Specifically, 
the tool tries to explain in natural-seeming language the default operator 
used by the search engine, possible stopwords that might be removed 
from the query, possible effects of term suffix expansion, and the effects of 
the order in which the terms are typed into the query. For example, term 
suffix expansion is explained with the following sentence: ‘Query also 
includes words that start with the words you entered’. In addition to this 
sentence, possible endings are shown to the user by means of an 
animation where the suffixes rotate one by one at the end of the user’s 
query term. Although the tool did not alleviate all the problems related to 
misunderstandings of a search engine’s functioning, it helped the users 
understand at least some of the query transformations performed by 
search engines (Muramatsu & Pratt, 2001).  

To encourage searchers to provide more information (search terms) for the 
search engine to use in retrieving relevant pages, Google tells users on its 

 

Figure 4: Sliders to set-up parameters for the result ranking in an MSN search. 
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Help pages10: ‘But it’s often advisable to use multiple search terms; if 
you’re planning a Hawaiian vacation, you’ll do better with vacation 
Hawaii than with either vacation or Hawaii by themselves. And vacation 
Hawaii golf may produce even better (or, depending on your perspective, 
worse) results.’ However, instead of expecting people to read the Help 
pages, it might be better to implicitly encourage longer queries in the first 
place. An easy and effective way to elicit longer queries from users is 
simply to have a larger box (or field) for the queries (Belkin et al., 2003; 
Karlgren & Franzén, 1997). With search engines based on exact matching, 
adding more query terms is not always better. Ask Jeeves explicitly 
cautions its users about entering too specific queries11: ‘[H]owever, we 
may not yet cover every specific topic you may search just yet. So, if your 
specific request doesn’t work the first time, simply try a more general 
request.’ 

The above-mentioned query formulation support tools rely on the users to 
think of the query terms themselves. However, thinking of alternative 
query terms or ways to make the query more precise can be difficult. Thus, 
various methods for automatically suggesting terms have been presented 
(e.g., Aninck & Tipirneni, 1999; Kraft & Zien, 2004). For example, for the 
query ‘cars’, Yahoo! suggests: ‘Also try: used cars, rental cars, cars for sale, 
hotels cars’. Aninck (2003) showed that terminological feedback provided 
by the AltaVista Prisma™ tool was indeed used by a group of users 
continually, although the metric they used for search success did not show 
improvement in the group using terminological feedback. It has also been 
shown that the names of clusters provided by some search engines (see the 
following section for more information) can also be successfully used for 
query refinement (Zamir & Etzioni, 1999).  

Other mechanisms for improving the query, in addition to the user 
manually selecting terms, have been presented. Relevance feedback is one 
important technique for improving the quality of queries (Hearst, 1999, pp. 
303–308). With this technique, the query is expanded by acquiring 
additional query terms from documents that are judged relevant by the 
user (who explicitly states the document to be relevant). Thus, the user 
does not need to formulate sophisticated queries but only to recognise 
relevant results. Some of the current search engines employ relevance 
feedback mechanisms by having a ‘Similar results’ link below the 
summaries. A common problem with the relevance feedback approach is 
that users are typically reluctant to make the relevance evaluations. Thus, 
so-called pseudo-relevance feedback (PRF) (Hearst, 1999, pp. 303–308) can 
be used instead of explicit relevance evaluations: for example, PRF can 
assume the top-ranked results to be relevant and generate additional 

                                                 
10 http://www.google.com/help/basics.html (accessed 10 June 2005). 
11 http://sp.ask.com/docs/help/help_searchtips.html (accessed 10 June 2005). 
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query terms based on them. The third approach for acquiring relevance 
feedback is to monitor the user’s behaviour in the background and try to 
predict the user’s future needs based on information about past behaviour. 
In addition to these methods, systems can also utilise the relevance 
judgements made by a group of people (social recommendation).  

Based on several user studies related to relevance feedback and term 
suggestion, Belkin (2000) states that users seem to prefer systems where 
they can themselves choose which terms are included in the query over 
systems formulating the queries on their behalf. In addition, users should 
have at least some understanding of how the suggested terms are chosen, 
in order to feel comfortable using them. Furthermore, terms that are not 
related to the search topic distract the user from query formulation and 
decrease the user’s trust in the system. 

Our own design ideas concerning the query formulation phase are now 
described in brief. In Publication V, we propose a tool for explaining 
queries in natural language. The approach resembles that of Muramatsu 
and Pratt (2001), but our explanation tool explains the queries in complete 
natural-language sentences. Not only aiming to facilitate understanding of 
the queries, the tool also aims at making it easier for the user to try out 
advanced search features. The categorising search interface Findex, 
presented in Publication V (and in the next section), makes it easier for the 
user to modify the query, as the category names can be used as additional 
search terms. The Etsin interface, presented in Publication VIII, was 
designed for older adults who are known to have problems in the early 
phases of the query formulation stage (namely, in entering text). To 
facilitate text entry and the correction of typos, Etsin provides a large box 
for the queries, along with a large font and looser spacing between letters.  

4.2 FACILITATING EVALUATION OF RESULTS 

Textual Document Summaries 
In the early days of Web search engines, a common way of presenting a 
summary of the underlying document was to show the first couple of 
sentences from the document as a summary of its contents. Tombros and 
Anderson (1998) presented the idea of query-biased (or user-directed) 
summaries, these being summaries that show from both sides of the query 
term the context in which it appears in the document. In their user study, 
they compared the query-biased summaries with summaries using the 
sentences at the beginning of the document. The results of this study 
showed that the query-biased summaries resulted in more accurate and 
faster relevance judgements, and decreased the need to consult the 
underlying documents for making the relevance evaluation. Currently, 
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query-biased summaries of results are the prevailing method used by 
public search engines.  

Alternatives to original query-biased summaries have also been presented. 
For example, Scholer and Williams (2002) showed that documents could 
also be effectively summarised by showing associated queries as 
summaries, instead of using text from the underlying documents. White et 
al. (2001), on the other hand, enhanced typical query-biased summaries by 
presenting the users with the number of links on the page, the first non-
text object on the page, and the size of the summarised document. Again, 
the results were positive, with the participants preferring the enhanced 
summary systems over the existing systems. However, more information 
is not inevitably better; Salmoni & Payne (2002) found that at least in 
certain situations, headings alone may afford better judgments of the 
relevance of the document than headings and summaries combined.  

Paek et al. (2004) experimented with methods of showing users more 
information about the results, while at the same time keeping in mind the 
trade-off between showing more information on one result and showing 
enough information on the result set as a whole (with longer result 
summaries, the relevance might be easier to determine; however, there 
would be less information available on the entire result set in each 
window). They implemented their WaveLens system, utilising fisheye 
zooming tied to mouse actions, so that when the users hovered over or 
clicked a result, they received additional query-relevant phrases from the 
result document. In the ‘normal’ condition, the users received the 
complete result document by clicking the result. The study’s results 
showed that the users preferred WaveLens over the normal result lists. In 
addition, the task completion times were faster with WaveLens. 

In Publication IV, we propose a novel list summary approach for 
enhancing the readability of query-biased result summaries. In this 
summary style, the excerpts of sentences are in a bulleted list, instead of 
presented consecutively, the current approach. This small change in result 
layout was shown to improve the efficiency of the result processing 
significantly. The list summaries were also used in the Etsin interface 
(Publication VIII).  

Enhancing the Textual Summaries by Visual Means 
Document visualisation refers to an attempt to visually represent textual 
documents or document collections (Card et al., 1999, p. 409). Although a 
tempting way to show the users information about the document structure 
or the structure and relationships between different documents, this 
approach has proven difficult. First of all, the visualisation of textual 
information is challenging, as an intuitive link between text and visual 
information is difficult to establish. In the Web environment, as another—
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easily understandable, textual—search interface is only a click away, it 
might not be easy to get the users to spend much time learning new result 
presentation styles. 

Some systems still use, as an indicator of document relevance, a simple 
one-dimensional icon. These icons typically represent the percentage or 
some other relatively arbitrary (at least from the user’s point of view) 
means of showing the relevance of the document in relation to the user’s 
query. This kind of relevance scale is used in, for example, ACM Digital 
Library12 (Figure 5). The problem with this visualisation is that the users 
do not get any information on why the system considers one document to 
be a better match to their query than another. 

 

 

To provide additional information to support the relevance information 
(besides the system-oriented rating of relevance), several systems have 
been presented over the years. One example cited often is the TileBars 
system by Hearst (1995). To support relevance evaluation, TileBars shows 
the relative document length, query term frequency, and query term 
distribution in a compact visualisation. In this visualisation, a horizontal 
bar shows the relative length of the document. Inside the bar, squares 
differing in their shade of grey are used to show the number of query term 
occurrences (the darker the square, the more occurrences), as well as the 
location of the occurrences in the document. TileBars was designed to be 
used in Boolean retrieval systems, and the implementation assumes that 
the searchers structure their queries in a sophisticated manner—e.g., 
(termA OR termB OR termC) AND (termD OR termE OR termF). Thus, 
TileBars may not be usable with Web search engines as such (as noted 
earlier, queries used with Web search engines are very short and simple).  

Byrd (1999) presented an alternative approach, where the occurrence of 
query terms is shown in a standard-style scroll bar via squares of different 
colours, one for each query term. As this implementation works best with 
two to five query terms, it might be quite suitable for Web searches. 
Heimonen and Jhaveri (2005) recently suggested enhancing the currently 
used textual result summaries with a visualisation that shows the 
                                                 
12 http://portal.acm.org/dl.cfm (accessed 13 June 2005). 

 
Figure 5: One-dimensional relevance scale in ACM Digital Library. 
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occurrences of the entire query in the content of the retrieved document. 
Their visualisation is a small document-shaped icon (Figure 6), which 
could easily be integrated with existing search result lists.  

 
 
The visualisations can also be made entertaining as the ‘smiley’ approach 
in TextileArts.net Web site13 shows (Figure 7). In this visualisation, each 
smiley represents the occurrence of each of the query terms in multi-term 
queries; happy face shows that the corresponding query term occurs in the 
document and sad face that the term does not occur in the document.  

 

Figure 7: Smiley visualisation in TextileArts.net Web page. The query was 'machine 
needle arts' and the three smileys correspond to the occurrence of each term. 

 

Web pages, with their graphically rich content, also provide a more 
straightforward means of communicating the contents of the page to the 
user. Small thumbnail images (simple reduced-size images) of the pages—
although not providing detailed information about the contents of the 
page—are at least hoped to communicate effectively the genre of the page. 
Thumbnail images of three popular Web pages are presented in Figure 8.  

                                                 
13 http://www.textilearts.net/ (accessed 25 October 2005) 

 

Figure 6: Query occurrence visualization by Heimonen & Jhaveri (2005). 
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Studies have suggested that thumbnails alone might not contain enough 
information for making the correct decision about a document’s relevance 
if the users do not know exactly the type of document they should find 
(Dziadosz & Chandrasekar, 2002). However, the thumbnails can be 
enhanced via different means to make evaluation of the underlying 
document’s relevance even easier. They can be used in combination with 
common textual result summaries (Dziadosz & Chandrasekar, 2002), or 
the user’s query terms can be highlighted in the thumbnails, thus 
providing the user with an overview of how the terms are located on the 
page. For example, Woodruff et al. (2001) presented an effective method 
for highlighting query terms and page headings in thumbnails in a way 
that preserves their readability. Their results showed that the enhanced 
thumbnails, overall, yielded performance improvements over plain 
thumbnails and typical textual summaries.  

Support for Evaluating and Accessing Results Beyond the First Page 
In addition to a good summary of the underlying document, users would 
also benefit from improved understanding of the retrieved result set, 
overall. As log studies have shown that users typically scan only the first 
result page given to them, there is a great risk of them missing important 
information that is further down the list. In addition, the approach of 
checking only the first page of results means that if the search engine’s 
ranking algorithm was not successful in relation to the user’s query (which 
can be a challenging task, given that the queries typically consist of one or 
two terms), the user needs to formulate a new query. This task is difficult 
for the user, as explained earlier.  

White et al. (2002) studied whether users would benefit from a system that 
recommends documents to them by showing top-ranked sentences from 
the retrieved document set. The top-ranked sentences were sentences that 
closely matched the user’s query. The sentences were extracted from the 
first 30 documents in the result list, and from those sentences it was easy 
for the user to access pages beyond the first results. This study showed 
that top-ranking sentences were helpful in the search tasks, decreasing the 

Figure 8: Thumbnail images of popular Web pages. 
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task completion time and resulting in the user feeling a greater sense of 
task completion than that encountered with the baseline system.  

Document categorisation (implemented by means of clustering or 
classification techniques14) is currently a widely studied area in the Web 
information search field. The assumption behind clustering, the so-called 
cluster hypothesis, is that documents that are mutually similar tend to be 
relevant for the same query (van Rijsbergen, 1979, p. 45). Thus, if the user 
finds a category that seems relevant to his or her information need, most 
of the individual documents in the category are likely to be relevant, as 
well. Several systems that use a categorisation approach have been 
presented over the years, such as Scatter/Gather (Cutting et al., 1992), 
Grouper (Zamir & Etzioni, 1999), and SWISH (Chen & Dumais, 2000; 
Dumais & Chen, 2000; Dumais et al., 2001). In addition, commercial search 
engines are now beginning to employ categorisation in their interfaces. 
Examples of search engines employing categorisation are Wisenut 
(http://www.wisenut.com/), iBoogie (http://www.iboogie.com/), and 
Vivísimo (http://vivisimo.com/). Figure 9 presents Vivísimo as an 
example of a typical categorising Web search interface.  

 

We have also developed a categorising search interface, Findex (Figure 10), 
in our research group to experimentally study the effects of categories on 
users’ performance. Findex uses the Google Web API15  for the actual 
searches. The categories are shown on the left side of the interface. When 
the user selects a category, only the documents that contain the selected 
term(s) are displayed in the result list, and the corresponding terms are 
                                                 
14 The major difference between classification and clustering is that in the former, the documents 

are assigned to pre-defined categories whereas in the latter, the clusters are arranged on the 
basis of the data and, thus, the names for the clusters (as well as the contents) change as the 
information changes. 

15 http://www.google.com/apis/ (accessed 30 June 2005). 

 

Figure 9: Vivísimo search interface utilising result categorisation. 
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highlighted. In experimental studies, users were found to locate relevant 
results up to 40% more quickly and 21% more accurately with categories 
than without them (Käki & Aula, 2005). In addition, a longitudinal study 
showed that users do use categories when they are provided with them. 
The categories are used especially often when the document ranking fails, 
which is likely to happen often with the very short queries employed by 
typical Web searchers (Käki, 2005a).  

Result categorisation provides several benefits for Web users. The 
categories provide them with an overview of the document set, which is 
especially beneficial when the user is not familiar with the topic of the 
search. In this case, the categories work as the table of contents of a book 
does: they provide the user with an understanding of what sorts of 
questions the book (or document collection) could answer (Cutting et al., 
1992). From the table of contents (or categories), the user can then browse 
toward the information (s)he needs. The categories, especially when 
formed via clustering techniques, also make it possible to evaluate the 
success of the query; if the document set contains clusters indicating 
topically irrelevant documents, the query can be refined to exclude such 
topics. Additionally, the categories provide their users with easy access to 
documents that were not among the highest-ranked documents in the 
result list.  

The benefits of providing easy access also to documents ranked below the 
top 10 can be approached from another angle as well. Only 10 results can 
be in the first 10 at a time. As studies have shown that people tend to rely 
heavily on these 10 results, Web content providers are competing 
intensely to gain placement in the search engines’ top 10. This competition 
results in difficult problems, such as keyword stuffing or link spam, which 
are endeavours to ‘falsely’ increase the ranking status of a page. Should 
approaches that make users also select (relevant) results with a lower 

 

Figure 10: Findex search interface. 
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ranking become commonplace, placement among the top 10 would not be 
that important anymore and Web spamming could be expected to 
decrease. 

Several visualisations have been presented to facilitate overall evaluation 
of the retrieved result set and provide an understanding of the 
relationships between documents. For example, a visualisation proposed 
by Veerasamy and Belkin (1996) shows the distribution of query terms 
among 150 documents retrieved for the query. Their visualisation shows 
the query terms in rows and the documents in columns. At the points of 
intersection between query terms and documents, a vertical bar shows the 
weight of the particular term in the document. The aim of this 
visualisation is to make it easy for the searcher to understand the logic 
behind the ranking order of the documents and, thus, to facilitate query 
formulation if the retrieved set was not satisfactory. Some of the current 
search engines, such as KartOO16 and WebBrain17, also aim at visualising 
the document collection and relationships between documents.  

4.3 TOOLS FOR INFORMATION RE-ACCESS 
For enhancing the standard History tool, thumbnail images of the pages 
can be shown along with the titles (or URLs). The benefit of the thumbnail 
image presentation is that people are very good at recognising visual 
information they have seen before (Ware, 2004, p. 228). However, the 
accuracy of recognition depends on the size of the thumbnail; to achieve 
80% recognition rate for a single Web page, the size of the thumbnail 
needs to be about 200×200 and for a Web site, the size should be about 
160×160 (Kaasten et al., 2002). Also, the browsing history enhanced by 
thumbnail images can be presented hierarchically, for a more accurate 
presentation of the navigational steps, instead of having all visited pages 
in a flat list (Ayers & Stasko, 1995).  

Kaasten and Greenberg (2001) suggested a system integrating the Back, 
History, and Bookmarks tools. Their system also makes the underlying 
models of function similar for all of the tools (one recency-ordered history 
list for all of them). Their system augments this history list with thumbnail 
images of the visited pages. In their system, bookmarking is partly implicit: 
if the user visits a page repeatedly, its visual appearance is modified in the 
list (highlighted with a green vertical band whose colour value and height 
increase as a function of the frequency of visiting). In addition to this, the 
user can still make bookmarks explicitly. In this case, the document 

                                                 
16 http://www.kartoo.com/ (accessed 17 June 2005). 
17 http://www.webbrain.com/ (accessed 17 June 2005). 
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thumbnails are marked via ‘dogears’ (folding of the corner of the 
thumbnail).  

Data Mountain (Robertson et al., 1998) is another attempt to make the 
organisation of bookmarked material easier. This system takes advantage 
of human spatial memory by using 3D cues in the organisation of the data, 
although the interaction really happens in a 2D environment with a 
normal mouse. In Data Mountain, the user drags and drops the Web page 
into a preferred location on a data mountain (a mountain-like image on 
the screen) and forms groups of Web pages as desired. The system does 
not require the user to give names for the groups as is the case with 
organising bookmarks (actually, Data Mountain does not even provide 
means for this), but people are still able to form very accurate mental 
models of the contents of the groups.  The authors conducted a user study 
wherein Data Mountain was compared with Internet Explorer’s Favorites 
tool. The comparison proved Data Mountain to outperform Favorites in 
terms of retrieval speed. 

Session Highlights (Jhaveri & Räihä, 2005) is a tool developed in our 
research group. Session Highlights provides the users with a workspace in 
which they can collect Web pages of interest (Figure 11). In contrast to 
standalone tools, like Data Mountain, Session Highlights is opened 
alongside the user’s standard Web browser. To collect the URLs that are of 
interest, the user drags the URLs from the browser’s address bar to the 
workspace area. The collected Web pages are represented with thumbnails 
that are automatically organised in chronological order. On mouse-over, 
the thumbnails are enlarged, for a more detailed view of the page, and the 
title and URL of the page are shown. The page is opened in the Web 
browser when the thumbnail is clicked.  

 

 

Figure 11: Session Highlights on the left, Web browser window on the right. 
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Publication V discusses how Session Highlights (Jhaveri & Räihä, 2005) 
and Findex (Käki & Aula, 2005) facilitate the information re-access process. 
For example, Session Highlights is expected to alleviate the problems 
related to the management of bookmark collections and to facilitate 
information re-access by making it possible for the user to recognise Web 
pages from thumbnail images and titles presented together. In addition, 
Session Highlights does not have the cluttering problem of the History 
tool, as the users actively select pages they want to save. Findex, on the 
other hand, can be enhanced with a special category ‘Recently visited 
documents’. This category is updated every time the user formulates a 
query. The category includes those results that the user has visited earlier 
and that can be found from the current result list. Thus, the category 
contains recent documents that are related to the current query. We expect 
this approach to help users in getting back to interesting information via 
search engines. The user does not necessarily need to remember the exact 
query (s)he used to find the material originally. The query can be broader 
(fewer terms). As long as the original result is somewhere in the result list, 
it can be accessed easily via the ‘Recently visited documents’ category.  

4.4 DESIGNING SEARCH INTERFACES FOR ELDERLY USERS 
As already discussed, ageing is commonly related to psychological, 
physiological, and psychomotor changes. There are certain guidelines 
(NIA & NLM, 2001; Sanner, 2004; Web Content Accessibility Guidelines, 
1999) that take into account these age-related changes (and disabilities, in 
general) and provide a good start for those designing and evaluating 
interfaces for the elderly. However, the guidelines should be only a 
starting point. With a heterogeneous population, like elderly people, it is 
essential that the designs and the early design ideas as well be firmly 
grounded on knowledge of the needs of the real group of users. 
Furthermore, the guidelines are often too general in areas where detailed 
design decisions should be made. For example, the Web Content 
Accessibility Guidelines (1999) state that designers should use 
‘understandable’ or ‘clear and simple’ language. In order to understand 
what clear and simple language is for an elderly person, who has not 
grown up surrounded by all of today’s technological devices, it is essential 
that the people who belong to this group be consulted in the design 
process. On the other hand, the guidelines are very precise in places (NIA 
& NLM (2001): they, for example, explain that it is best to use non-serif 
fonts with a size of 12 or 14 points, and that the use of yellow, green, and 
blue in close proximity should be avoided. However, these guidelines also 
end with the more general: ‘Solicit unbiased comments from older adults 
through focus groups, usability testing or other means, to evaluate the 
accessibility and friendliness of the web site.’  
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Chadwick-Dias et al. (2003, p. 30) comment: ‘While several studies have 
recommended specific design modifications for older users, few have 
proven that these recommendations actually improve their performance.’ 
Therefore, they tested a Web site with three different font sizes to see 
whether the larger font, suggested by several sets of guidelines, actually 
benefits older adults and whether it hinders the performance of younger 
users. Surprisingly, no performance differences were found for the 
different font conditions in any age group. Older users did, however, 
prefer larger fonts more than younger users did. In addition, the 
researchers made observations when older adults were interacting with a 
specific Web site. After noting the interaction problems, the authors 
modified the page to alleviate these. In a follow-up study, they noticed a 
marked improvement in the usability of the site, for both younger and 
older participants. Based on their observations, Chadwick-Dias et al. also 
provided recommendations for design friendly to older users. The 
recommendations are meant for Web site design in general, but they can 
also help in designing Web search interfaces for older users. The 
recommendations are listed below: 

• use action word links 
• make link treatment consistent and obvious 
• make icons and bullets links 
• use scalable fonts and options to increase text size 
• use concise instructions 
• keep terminology simple (specifically, the authors warn that 

older adults may not be familiar with terms like URL, Home, or 
Back) 

• use simple navigation methods, and provide redundant 
navigational cues 

• minimise the use of secondary windows 

Zajicek (2004) argued that simple guideline-type statements do not contain 
enough information for the design process. In particular, the guidelines 
miss the important why element. Therefore, Zajicek suggests that patterns 
and a pattern language should be used in communicating user 
requirements to the designers. The patterns proposed by Zajicek always 
include the name of the pattern, the situations where it should be used 
(use when), why and how the pattern should be used, an example showing 
a concrete design solution, and the possible trade-offs of using the pattern 
in design.  

Although the various guidelines were of help when we first began 
thinking about the design possibilities, our design for the elderly-friendly 
search interface was heavily dependent on the observational study 
presented in Publication VII. This study provided us with a much more 
complete understanding of the issues that needed to be addressed in the 
design than would have been possible based on the guidelines alone. 
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Publication VIII presents the implemented Etsin interface and a study 
comparing the usability of Etsin and Google. 
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5 Methodological Issues 

5.1 CONTROLLING THE USER VARIABLES 
As previously discussed, individual differences significantly affect the 
strategies people use for information searches and their search success. If 
these characteristics are not the focus of the study, they should be 
controlled somehow—for example, by employing a within-subjects design. 
In this experiment design, all participants are subjected to all experimental 
conditions (e.g., having all participants complete search tasks with all 
interfaces). However, the within-subjects design needs to be modified 
somewhat for use in information search studies. In within-subject designs, 
all participants should complete the same tasks in each condition. This is 
not a feasible approach for search tasks, as the searcher would learn the 
best approach for the task upon performing it the first time. However, if 
different tasks are used for each condition, the tasks may be the reason for 
the differences observed between conditions, as opposed to differences in 
the independent variable. To lessen the risk of measuring the effect of 
different tasks rather than the effect of the independent variable, in 
Publication IV, we prepared task sets that all contained similar tasks. In 
addition, we utilised a Latin square design to make sure that learning 
effects and task set interface interactions would not cause the differences 
observed. Regardless of these precautions, it is possible that the results 
were still affected by task-related confounding variables that our design 
could not rule out. In summary, selecting the design for the experiment is 
always a trade-off: in between-subjects designs, the variability caused by 
different tasks can be ruled out, but the variability in the search behaviour 
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between different individuals will cause a lot of variability in the results, 
and vice versa, in within-subjects designs.  

In most of our studies, we were especially interested in how user 
characteristics affect the search process. Thus, we did not need to control 
their effects; instead, we designed the studies so that the different 
strategies could be observed. 

5.2 METHODS AND TECHNIQUES FOR STUDYING SEARCH STRATEGIES 
In addition to the task and user characteristics that are known to affect the 
search process, the Web presents a challenging research environment 
because of its ever-changing and unstructured nature (Jansen & Pooch, 
2001). In this section, some commonly used methodologies are discussed, 
along with their benefits and drawbacks. Although the methods are here 
presented separately, methodological triangulation is often used when 
conducting research. Methodological triangulation refers to using several 
research methods to study the same phenomenon. The benefit of this 
approach is that if the results gained by using different methodologies are 
in accordance, the results can be seen as more reliable than when the 
results are based on one method only.  

Transaction Log Studies 
Transaction log studies (e.g., those of Jansen & Pooch, 2001; Jansen et al., 
2000; Silverstein et al., 1999; Spink, et al., 2000) make it possible to find 
typical query styles by analysing as many as millions of queries. In 
addition, they can reveal the length of the typical search session, the 
number of documents opened from the result list, and also how much 
time the users spent interacting with the result set. Log studies have a goal 
of studying search behaviour in ‘real life’. The greatest disadvantage of 
this methodology is that very little information about the user is acquired. 
For example, these studies often ignore the context of use, the information 
need behind the searching, and even the successfulness of searching. Thus, 
although log-based studies have shown that Web users’ search style is 
generally very simple, these studies cannot reach conclusions on whether 
this simple style suffices for the users to find the information they need. 
Because this thesis is mainly concerned with the user characteristics 
affecting the search process, we did not use data from transaction logs in 
our studies. 

Observational Studies 
Observational studies (or field studies) are common when the researcher is 
trying to describe Web use or information search strategies (Aula & Käki, 
2003; Jones et al., 2001). These studies can take many forms. They can be 
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conducted in the real search environment (in the field) and can be truly 
observational in that the researcher interferes with the situation as little as 
possible. The aim of this approach is to capture natural search 
behaviour—searching as it happens in real life. The benefit is that the 
users are familiar with the tools they are using and have all the tools they 
need to hand. In addition, the researcher can gain valuable insight into the 
use of any other tools (or possibly people) that the participant uses to 
support the task.  

It is also possible to control certain aspects of the situation, conducting a 
field experiment (Kerlinger, 1964, Chapter 23). In field experiments, the 
researcher controls the conditions to the greatest extent possible. For 
example, all participants can be asked to complete the same search tasks, 
and the order of presenting different interfaces can be controlled. 
Furthermore, field studies can be divided into different types based on 
their purpose: their goal can be either exploratory or hypothesis-testing. 
Exploratory studies are valuable when the goal is to discover significant 
variables and the relationships between them, as well as to lay 
groundwork for more rigorous hypothesis-testing studies.  

The main problems with observational studies involve their being 
expensive (time-consuming) to conduct and, especially, to analyse. Thus, 
the sample sizes are typically small. These studies also have the risk of the 
variables of interest being confounded by uncontrolled experimental 
variables.  

In publications II, VII, and VIII, we used observational methods. In 
Publication II, our interest was in studying the participants’ typical Web 
search strategies. Thus, we needed to study the participants in a situation 
that was as typical as possible. The reason for not conducting the study in 
participants’ homes lay in the expense of collecting the data; thus, we 
decided that an uncontrolled laboratory situation was the best balance 
between the resources and the research questions. Studies VII and VIII, on 
the other hand, were conducted in places that were familiar to the 
participants before the study (either in their homes or in a computer centre 
in which they had taken courses). This time, we felt that a laboratory 
situation would be too stressful and difficult to approach for the 
participants, and that it would therefore affect the results too much. This is 
why a field study (or field experiment) was chosen. 

Controlled Experiments 
As presented in the earlier chapters of the thesis, the search process is 
affected by a great number of variables, such as the type of task, 
familiarity with the task (domain expertise), expertise in using the search 
tool or environment, and even the cognitive styles of users. When the aim 
is to study, for example, the effectiveness and efficiency of different 



…
…

…
…

…
 

 

 50 

designs, these variables can act as sources of error: design A may seem 
more efficient than B, but only because the participants using A were more 
experienced. In addition, if not carefully controlled, other confounding 
variables too can affect the study in unanticipated ways. For example, if 
the user answers the phone during the search task, the task time most 
likely does not represent the time we are interested in any more. In 
controlled experiments (or laboratory experiments), the ‘variance of all or 
nearly all of the possible influential independent variables not pertinent to 
the immediate problem of the investigation is kept at a minimum’ 
(Kerlinger, 1964, p. 398). This means that, ideally, the results are precise 
and replicable.  

In Web search studies, controlled experiments are especially suitable for 
use in comparing different interface solutions (e.g., Dumais et al., 2001; 
Käki & Aula, 2005; Paek et al., 2004; White et al., 2002). In these studies, the 
interfering aspects related to the dynamic nature of searching are 
controlled. Below, an example of a hypothetical study where interfaces A 
and B are compared is explained. For controlling the effects of individual 
differences between users, a within-subjects design is chosen (all 
participants complete tasks with both of the interfaces). Then, as people 
are known to make different queries even for the same search task, the 
queries are pre-prepared as part of the experiment. The queries are then 
submitted to a search engine, and the result pages are saved on the local 
hard disk to avoid the confounding effects of network delays. Then, to 
avoid people seeing different Web pages during the search process (which, 
again, can have an effect on their search performance, as searching is an 
evolving process), the links in the result list are disabled. Finally, all 
participants are given the same instructions, and all of them perform 
exactly the same tasks.  

Although the control does not always go as far as preparing the queries 
for the users, confounding variables need to be controlled in order for the 
study to be called a controlled or laboratory experiment. In controlled 
experiments, task times (efficiency) and error rates (effectiveness) are the 
most common measurements in comparing the different interfaces, 
although others have been suggested and used successfully (e.g., Käki, 
2004). In carefully designed laboratory experiments, the differences in the 
dependent variables can be accounted for by the differences in the 
controlled variables, but this approach has problems in relation to 
ecological (external) validity, as well as the lack of strength of the 
independent variables (in real life, other variables are likely to have much 
stronger effects). Additionally, controlled experiments are a good method 
for testing hypotheses. However, in order for a hypothesis to be 
developed in the first place, other research methods are helpful (Kerlinger, 
1964, Chapter 23). 
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The research in Publication IV used a controlled experiment for studying 
three different result summary styles. In this study, the queries were pre-
formulated and submitted to a search engine, and then the result pages 
were saved. Thus, all the users saw exactly the same stimuli during the 
study. This approach also avoided the possible confounding effects of 
network delays.  

Eye-Tracking 
Eye-tracking is a technique that provides information on the location of 
the user’s gaze at a given time. The main eye movements of interest are 
fixations and saccades. During fixations, the eyes are relatively still for a 
period of about 200−400 ms, and visual information is acquired in that 
time. Saccades are rapid ballistic movements that move the eyes to the 
next area of interest. During saccades, the visual system is closed and 
visual information is not acquired (Rayner, 1998).  

Psychologists have been studying the relationship between eye 
movements and cognitive processes for decades. Although this 
relationship is not straightforward, some general relationships have been 
found. Usually, the direction of gaze shows the direction of attention. If 
we know that the user fixated on a button, we can be relatively sure that 
(s)he also attended to it (i.e., perceived the information). In reality, the 
relationship is more complex than this. However, in more complex 
information processing tasks (such as reading), attention and gaze 
direction are presumably tightly linked (Rayner, 1998). Thus, gaze 
direction can be used as an indication of the focus of attention in most HCI 
tasks.  

In HCI, eye-tracking has been used to study, for example, the usability of 
Web pages (Ellis et al., 1998; Cowen et al., 2002); how users search menus 
(Aaltonen et al., 1998; Byrne et al., 1999a) or view different Web pages 
(Josephson & Holmes, 2002); and how users seek information from Web 
pages (Goldberg et al., 2002), hierarchical displays (Hornof & Halverson, 
2003), or large tree structures (Pirolli et al., 2000). Although this is a 
promising technique for studying Web search strategies, only a couple of 
studies have thus far utilised it (the results of those studies were presented 
in Section 3.2).  

In addition to providing information about general result scanning 
strategies, eye-tracking can provide a means for implicit relevance 
feedback. Salojärvi et al. (2003) studied the eye movements of users who 
were evaluating newspaper titles. The results suggested that, for example, 
the number of fixations, total fixation duration, and pupil size are 
measurements that could be utilised in discrimination between relevant 
and irrelevant titles based on the user’s gaze.  
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Publication III reports on a study using a ‘semi-controlled’ approach to 
study result evaluation strategies by means of eye-tracking. To keep both 
external validity and control over the situation high, the first result page 
and result list were pre-defined for each task, but after that, the users 
could formulate queries themselves and continue the search as they 
wished. Eye-tracking was a natural choice to use in this study, as it makes 
it possible to study how the users actually evaluate the results as well as 
what information and how much information they use. 

Interviews and Questionnaires 
Researchers commonly collect background data as well as subjective 
comments about the phenomenon under study by interviewing the 
participants or by asking them to fill in questionnaires. The use of 
interviews (or group interviews, such as focus groups) as the only data 
collection method is rare in HCI or information-search-related research. 
While a good method for acquiring a deep understanding of the issues 
under consideration, interviews require good communication skills on the 
part of the interviewer. Also, data analysis is often very time-consuming 
with this technique, especially when the interviews need to be transcribed 
in detail. Questionnaires, on the other hand, have been used to study Web 
users’ bookmark collections (Abrams et al., 1998) and the methods people 
have for keeping found things found (Bruce et al., 2004).  

It is important to note that interviews and questionnaires rely on the 
interviewees’ or respondents’ memory and conceptual understanding of 
the phenomenon under study. For example, if the interviewee understood 
the question inadequately, his or her answer is not reliable. An illustrative 
example of this comes from our own study, where we asked the 
participants about the search engines they commonly use (Publication VII). 
Some participants said that they use only Google. However, when 
observed in real information search situations, these same people started 
typing queries directly into the browser’s address bar and as a result were 
directed to MSN Search. Again, when we enquired about this afterwards, 
the participants were not aware of having used any search engine other 
than Google during the search session. In another case, a participant was 
asked about the browser she uses. To avoid the technical jargon 
(‘browser’), the question was asked indirectly: ‘When you start using the 
Internet at home, what is the name of the program you choose first?’ The 
inexperienced participants commonly indicated that they would open 
Word for this purpose. Thus, had we used questionnaires for enquiring 
about browsers and search engines, the answers would not have been 
reliable. 

In the present thesis, the questionnaire approach was used in Publication I, 
where the goal was to gain information on the initial queries people 
would formulate for different kinds of search tasks. In this study, we were 
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interested in gaining information on a simple strategic choice that people 
make in an information search—namely, the format of their initial query. 
For this question, we felt that a paper-and-pen questionnaire was an 
appropriate choice, as this made it possible for the respondents to 
concentrate on the terms instead of a possible test situation with 
computers. In Publication V (and Publication VI, which reports on further 
analysis of the data from Publication V), the goal was to study experienced 
Web users’ strategies for information search and re-access situations. In 
this study, the questionnaire approach was chosen because we wanted to 
study the usage frequencies of different strategies and, thus, a large 
sample was needed. A log-based study would not have been optimal for 
our purposes, because we wanted to have information on the use of 
different applications and specifically in relation to a certain type of 
information search task. Interviews were used as an additional data 
collection method in publications VII and VIII.  

Think-Aloud Protocol  
The goal of the think-aloud protocol is to gain information on users’ 
cognitive processes during the specific task they are doing. The protocol 
was developed in the field of psychology for gaining information on 
cognitive processes during problem-solving tasks, but there were clear 
rules on what kind of data could be seen as reliable (Ericsson & Simon, 
1984). In information-seeking and HCI studies, the think-aloud protocol is 
used in a more relaxed way—there are no clear rules for all researchers to 
follow when using this methodology (Boren & Ramey, 2000). Regardless 
of the variability in the execution, the protocol is used to answer questions 
like why the user did certain things during the computer use, whether the 
user perceived specific pieces of information, and what the user’s goals 
were during task completion.  

In this thesis, the think-aloud protocol was used in Publication II to gain a 
deeper understanding of the problems people have in the search process, 
as well as of the rationales they have for choosing particular strategies. In 
addition, the think-aloud protocol provided information on the mental 
models of the users, information that would have been difficult to gain via 
other methods.  

Other Methods 
In addition to the empirical methods presented above, there are several 
analytical methods (including common usability evaluation methods, like 
heuristic evaluation or cognitive walkthrough) that may be used when 
evaluating the usability of search systems. Although they do not give 
information about the strategies of the users, they can be, for example, 
used in comparing different design ideas. Blandford et al. (2004) compared 
the strengths, limitations, and scope of four different methods to analyse 
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the usability of digital libraries. The methods were heuristic evaluation, 
cognitive walkthrough, claims analysis, and Concept-based Analysis of 
Surface and Structural Misfits (CASSM). Their results showed that all of 
the methods had their benefits, but ‘none of the techniques tested has been 
found to deliver the perfect solution’ (p. 35). For example, CASSM 
provides information mainly about matching between the user and system 
concepts but does not provide information on the processes. Heuristic 
evaluation and cognitive walkthrough yield information on surface 
usability issues but not much about usability issues related to the actual 
information-seeking process. Claims analysis is demanding for the 
evaluator, but it manages in return to provide insights and a deep 
understanding concerning the usability issues.  

5.3 DATA ANALYSIS METHODS 
The individual studies presented in this thesis differed in the nature of the 
research questions they addressed, and, as a consequence of this, multiple 
quantitative (statistical) data analysis methods were utilised. To find out 
whether any linear relationships existed between the variables of interest, 
we used the Pearson product-moment correlation coefficient (r) 
(publications I and III). For modelling changes in task completion speed 
we chose a multiple linear regression model (Publication II). Analysis of 
variance (ANOVA), t-tests, and Tukey’s pairwise comparisons were used 
for comparing performance when using different interfaces or for 
comparing different groups of users (publications III, IV, and VI). When 
the goal was to describe the data, we mainly reported usage frequencies 
by utilising the median values and distributions of responses (Publication 
V). Publication VI, on the other hand, aimed at finding subgroups of 
respondents sharing similar strategies, for which we utilised hierarchical 
clustering. In publications VII and VIII, the data were analysed 
qualitatively by manually coding the transcripts from the interviews and 
observations. After coding, the frequencies of usability problem types 
were calculated and compared for the two interfaces in Publication VIII. 

5.4 GENERALISING THE RESULTS  
The goal of research is typically to produce information that can be 
generalised to the entire population of interest. In the context of the 
present thesis, the population consists of millions of people using search 
engines. The sampling methods used in the studies presented herein did 
not give us a representative sample of this population. The sampling 
methods used and their consequences shall be discussed next. 
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With very limited resources for compensating people for their 
participation, we chose to recruit people who would not need to travel to 
the laboratory from a long distance. Thus, most participants were 
recruited by circulating participation lists in classes or by advertising the 
tests on the notice boards of the university or other, nearby educational 
institutions. Additionally, mailing lists, personal contacts, and local 
associations were utilised for recruitment purposes. In most of the studies, 
the participants received only minimal compensation for their time, such 
as a coffee voucher or a point or two toward their mark in a class. Thus, 
we believe that most of the participants were either generally interested in 
scientific research and/or Web-related issues in particular or that they 
were in desperate need of extra points for their classes. In any case, these 
factors may have affected their performance somehow.  

We aimed for at least a somewhat heterogeneous participant population 
by recruiting students with different majors. Despite this endeavour, most 
of the participants were computer science students. A notable exception is 
the study reported upon in Publication II, where tickets to the cinema (the 
most expensive compensation that we could use) motivated students with 
other majors also. Demographically, the participants were mostly young 
adults, with the number of males and females being almost the same. 
Fortunately, we were successful in recruiting elderly people to participate 
in two of our studies.  

Because the sample was not representative of the entire population of 
interest (which, unfortunately, is commonly the case, especially in the field 
of HCI), we feel that the results cannot be generalised to the whole Web 
user population. The strategies do not represent all strategies that people 
may use, nor do the numbers presented indicate the overall usage 
frequencies for the various strategies. However, we feel that the strategies 
and problems of the user groups of interest can be expected to hold for 
similar user groups. The consequences of sampling issues shall be 
discussed further in Chapter 8. 
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6 Introduction to the Themes 
of the Publications 

The main focus of this thesis was on gaining an understanding of the 
search process, especially its possible challenges, from the perspective of 
the user. This understanding was gained by making a review of previous 
research in the area of Web searching, as well as by conducting several 
user studies, which used different methodologies. The resultant 
understanding of the search process served as a basis for design ideas, as 
well as for concrete prototypes intended to facilitate searching. Within the 
scope of this thesis, some of the design prototypes were also implemented 
and tested.  

Different user groups were a central theme of the thesis. The intent was to 
gain a rich understanding of the strategies and problems that different 
kinds of people have in Web searches. Specifically, the focus was to 
understand how experienced users solve the intrinsic challenges of 
searching for and re-accessing information. This understanding was then 
translated into concrete design ideas that could place these strategies at 
the disposal of less experienced users as well. In some studies, the users 
were close to typical Web users with a few years of experience with this 
medium but no special training in information searching. In addition, 
there were studies where the target group was elderly users. These studies 
offered important information on the challenges of the Web search for 
people with little computer and Web experience who additionally have 
some age-related declines in their functioning.  

To study these issues, individual studies either focused on just a certain 
part of the search process or then tried to provide a wider, if not complete, 
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understanding of the search process. In the studies where the focus was on 
the distinct parts of the process, the methodologies were more controlled 
(employing an experimental or questionnaire approach) than those in the 
studies with a wider focus (using a more exploratory approach). In 
addition to the scope of the studies, methodological decisions too were 
affected by the target user group. For example, it was assumed that 
experienced Web users could reflect on their own behaviours and that, 
thus, questionnaires would be appropriate for them. On the other hand, 
users with little experience could not, we presumed, answer 
questionnaires reliably, on account of several factors, such as 
terminological difficulties and imperfect understanding of the issues in 
question. Also, a controlled experimental setup was seen as inappropriate 
for inexperienced users, due to the stress involved.  

In the sections that follow, the themes of the thesis will be presented 
briefly along with the main results from the user studies. Discussion of 
some themes also addresses future directions of research in that specific 
area.  

6.1 QUERY FORMULATION 
Publication I presents a questionnaire study related to the formulation of 
initial queries for 20 search tasks. The analysis of the initial queries 
showed an interesting relationship between the searcher’s experience with 
the Web and the length of the queries: the more experience the user has 
with the Web, the longer his or her queries tend to be. In addition to being 
longer, the queries are also more specific, revealing a so-called straight-to-
information search style. By contrast, less experienced users employed 
broader queries that, in practice, would necessitate either query 
refinement in the course of the search process or, alternatively, navigation 
to the information through hyperlinks. This style was called the 
navigating-to-information search style. In the publication, the possible 
interactive effects of querying style and different search task types are 
discussed. Specifically, the paper suggests that fact-finding and 
comprehensive search tasks may be more difficult for people with little 
experience than exploratory tasks are. 

6.2 MODELLING SUCCESSFUL SEARCH PERFORMANCE 
Publication II reports on a study whose goal was to study whether the 
findings presented in Publication I (on differences in querying styles) 
apply in a real computer use situation and also whether the different 
querying styles result in differences in the level of performance in search 
tasks. In addition to this, we were interested in studying whether a 
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statistical modelling approach would provide us with more information 
about successful search strategies than the popular approach of studying 
the differences between pre-defined groups of experts and novices. 
Toward this goal, we conducted an observational study with 22 
participants. The search tasks we chose for this study were all closed (the 
tasks clearly defined the information that should be found), with three 
fact-finding tasks (one specific answer to the question required) and two 
broader tasks (which required the participant to find possibly several 
documents to fulfil the task requirements). In order to study the strategies 
affecting search success, we formulated a single metric for the level of 
search performance, called task completion speed (TCS). Its measurement 
combines the commonly measured elements of effectiveness and 
efficiency.  

We developed two linear regression models of TCS, separately for three 
fact-finding tasks and two broader tasks. As variables in the model, we 
had two experience-related variables—years of Web experience and 
frequency of using the Web—and one variable based on the participants’ 
own evaluation of their search skills. In addition to the experience-related 
variables, we had behavioural variables, such as the speed of query 
iteration, the length of the queries, and the speed of evaluating result 
documents. The final model for fact-finding tasks showed that the 
variables that best explained TCS were the frequency of using the Web, 
participants’ own evaluation of their search skills, speed of querying, and 
the average number of query terms per query. The final model for the 
broader tasks included the variables measuring years of Web experience, 
the searcher’s evaluation of his or her search skills, the proportion of 
precise queries, and the average number of query terms per query.  

The results showed, as expected, that greater Web experience is related to 
improvements in TCS, although the variables measuring the experience 
were different in the two models. The participants’ own evaluation of their 
search success was an unreliable predictor of TCS, as those who evaluated 
themselves as less skilled performed better in fact-finding tasks than their 
‘skilled’ counterparts did. Higher TCS, in turn, was related to certain 
successful strategies, such as formulating broader queries for broader 
tasks and applying a high speed of querying in fact-finding tasks. The 
paper also presents several qualitative findings (based on a think-aloud 
protocol and a detailed analysis of the queries) related to the search 
strategies of the participants.  
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6.3 EVALUATING SEARCH RESULTS 

Using Eye-Tracking for Studying Personal Styles of Result Evaluation 
The study in Publication III used a semi-controlled experimental method 
to analyse the users’ individual styles for evaluation of results. The idea 
for this study came from our previous (unpublished) experiments, where 
we found that some searchers spend considerable amounts of time at the 
search engine’s result page, while another searcher might evaluate the 
same page in a couple of seconds. Thus, we were interested in studying 
what actually happens in the time spent with the result list. Are the slower 
users carefully reading the result snippets? How do the faster users make 
their decision about the next action—how much information do they 
extract from the result page in order to decide on the next action? 

The semi-controlled method means that the first stimulus (result page) 
was the same for all of the participants in each of the tasks. However, 
immediately after seeing this pre-defined page, the users could freely 
choose their next action. With this approach, the stimuli could be 
controlled while the users’ real-life approaches to the evaluation of results 
could be preserved and examined.  

The analysis of the eye-tracking data suggested two distinct approaches, 
economical and exhaustive style, to result evaluation. The economical style 
seemed to be more common among experienced computer users, whereas 
users with lower levels of experience were more careful and thorough in 
their result evaluation.  

There is still much data analysis yet to be conducted from this study, as 
the initial findings are based only on the gaze behaviour for the pre-
defined result pages. However, these initial results already suggest that 
eye-tracking data could be used in determining the experience level of the 
participant during an information search. This information, in turn, could 
be used in proactive search interfaces that adapt their functioning based on 
the users’ specific needs or problems during the search process.  

Enhancing the Readability of Search Result Lists 
The current search engines typically use similar query-biased summaries, 
with the only difference between different engines being whether the 
query terms are in boldface in the summaries or not. In these summaries, 
different sentences are separated from one another with an ellipsis, which 
may not be an optimal way to present sentences (or excerpts of sentences) 
that have been taken from different parts of the document (the sentences 
do not form a logical whole). Thus, we decided to study a summary style 
where separate sentences were put in a bulleted list.  
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Publication IV deals with an experiment with three conditions: the 
normal-plain summaries did not present the query terms in boldface, 
normal-bolded summaries used the term-bolding, and list summaries 
were similar to normal-bolded summaries but had different sentences 
shown in list form. We expected the bolding of the search terms to be 
beneficial, as it is employed by an increasing number of search engines, 
and, furthermore, we expected the list summaries to outperform normal-
bolded summaries, as the former are in better accordance with the modern 
understanding of human information processing. Thus, the expected order 
of efficiency of processing the summaries was (from the least efficient to 
the most efficient) normal-plain, normal-bolded, and list.  

The results showed that the novel list summaries provided a significant 
improvement in the efficiency of finding the solutions to the tasks as 
compared to the state-of-the-art solution; thus, the results proved this to 
be a successful approach for improving search result presentation style. 
However, search term bolding did not yield the expected benefits in task 
performance. As discussed in the publication, this result may be due to the 
task type (fact-finding tasks) used in the study.  

6.4 EXPERIENCED USERS’ SEARCH AND RE-ACCESS STRATEGIES 
Publications V and VI present results from a questionnaire study of 236 
experienced Web users. In the questionnaire, the respondents were asked 
about their information search strategies, their strategies for ensuring that 
the material will be available when needed again, and their strategies for 
re-accessing this information. The motivation behind this study was to 
find out whether experienced Web users utilise advanced operators and 
modifiers in their queries, whether all of the previously suggested 
advanced information re-access strategies are actually used, and whether 
even experienced Web users have problems related to the information 
search and re-access processes.  

Publication V provides an overall description of the respondents’ 
strategies. In this analysis, we found that not all of the previously 
suggested strategies appeared equally important. Some of them were 
frequently used by most of the respondents, whereas the use of others was 
rare. Importantly, the results indicated that also these experienced users 
had misconceptions related to the use of their search engine of choice, a 
finding that has not received attention before. In addition, the results 
suggested that experienced users are not that keen on using advanced 
operators and term modifiers in their queries. One possible explanation 
for the conflict in results between this study and earlier studies using 
observational methods is that in an observational setting, users might 
want to perform as efficiently as possible and possibly even show the 
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experimenter that they can use the advanced operators. However, in real 
information-search situations, efficiency might not be the most important 
attribute in the search process, and the searchers might instead optimise 
their strategies: the simplest strategies providing satisfactory results are 
utilised, as opposed to tedious strategies providing small performance 
improvements. Publication V presents several design suggestions (to be 
implemented on top of the existing tools, Session Highlights and Findex) 
for supporting information re-access. 

In Publication VI, we further analysed the questionnaire data to find 
possible subgroups of experienced users sharing similar information 
search and re-access strategies. The cluster analysis of the data revealed 
three subgroups of users who differed in their strategies. The only group 
utilising more complex strategies to a notable degree was professionals, 
people who need information in their day-to-day work (a large number of 
the people in this group were librarians).  

6.5 PROBLEMS IN INFORMATION SEARCHES OF ELDERLY PEOPLE 
Publication VII reports on an observational study on the information 
searching of 10 older adults. In addition, the publication presents results 
from interviews with the elderly about their motivations for learning to 
use computers at a later age, as well as their positive and negative 
experiences during computer use. 

The interviews presented a group of active and enthusiastic learners who 
saw a lot of potential benefits in learning to use computers. However, 
older adults seem to be a group requiring appropriate learning conditions 
(a course tailored for their slower speed of learning and one having only 
older adults would be ideal), computer support that is available when 
needed, and motivation for learning. In essence, these requirements apply 
for anyone learning new skills, regardless of their age. With older adults, 
they often seem to be forgotten, unfortunately. 

In the participants’ use of search engines, the most frequent problems 
concerned editing the text in the queries, the terminology used, and the 
functionality provided by the search engine, as well as more general 
problems with understanding the structure of the Web. Some of these 
problems are most likely due to the participants having little experience 
with the Web, but others, such as editing of the queries, are probably 
caused by age-related changes. Although the participants could 
successfully find information during the study, these problems would 
have, presumably, made them uncertain and anxious if support had not 
been available.  
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To make Web searching easier for older adults, we designed a search 
interface, Etsin (Publication VIII), to alleviate the problems we uncovered 
during the first study. This interface has a larger text box for the queries 
and more space between the letters, to make it easier to edit queries. In 
addition, a button was provided for clearing the text box for new queries. 
To make it easier for the users to understand results that require an 
external application in order to be opened (e.g., Microsoft Word 
documents or PDF files), the result list was enhanced with icons 
corresponding to the needed applications. In addition, the result listing 
was simplified by removing the URLs from the default view, as well as a 
lot of other information and various options provided by Google (e.g., 
Cached, Similar pages, Advanced search, special searches for images, news, 
groups).   

In a field experiment comparing the usability of Google and Etsin from the 
perspective of an older user, we found Etsin to alleviate many of the 
problems related to searching. For example, all of the participants could 
understand the functionality of Etsin, and they appreciated its clarity. 
They did not have problems with text editing, and at least some of the 
document icons seemed to be easy to recognise. 
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7 Future Work 

In addition to the results presented in the individual publications, 
numerous user studies completed over the last few years have provided 
ideas for other tools to support searching, as well as ideas for more 
effective research methods to study the search process. This chapter 
presents these ideas. 

The results of Publication IV did not show the expected effect of search 
term boldfacing facilitating result evaluation. However, the task type 
selected for the study may be at least one reason for the expected results 
not emerging. Search term boldfacing might be of more benefit in 
exploratory tasks than in fact-finding tasks. To test this hypothesis, we ran 
another set of user tests, with 30 participants who were asked to select 
topically relevant results from the search result page (the results were 
selected with a checkbox beside each result). This time we did not find any 
statistically significant differences in the level of performance between 
normal-plain and normal-bolded summaries. We believe that the 
experimental setup was too insensitive for small efficiency differences 
between the summaries to be evident. For example, the need to scroll the 
result list and the need to make fine mouse movements in order to select 
the checkbox introduced confounding effects. To overcome these 
problems, we18 designed another experimental setup. In this setup, the 
user sees only one result summary at a time, and the ‘relevant’ or 
‘irrelevant’ response is given by simply pressing the correct button in a 
specially tailored two-button box. This way, the evaluation time for each 
summary is expected to be on the order of a couple of seconds and the 

                                                 
18 The present author, Tomi Heimonen, and Mika Käki. 
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time required for making the motor response should be very small in 
relation to this time. In addition, the test setup makes it possible to have a 
high number of repetitions for each condition. Thus, this experimental 
setup is expected to be sensitive enough to find even small differences in 
efficiency between the different summary styles. In this study, we are 
using eye-tracking to more fully understand the cognitive processes taking 
place during the evaluation of the different summaries. There was not 
enough time to complete this study in the course of preparing the thesis. 
The idea was described here to illustrate how an already controlled 
experimental setup can be further controlled to reveal small differences. 

In addition to studying the effects of different textual summary styles, we 
are planning to implement a visualisation for showing the effects of 
individual query terms on the total number of results retrieved. Studies 
we have completed in recent years have shown that users have problems 
in determining which of the terms is the one that is too restrictive, too 
broad, or otherwise inappropriate for the context. Earlier, Venn diagrams 
were used for showing how, for example, Boolean operators combine 
together, but we aim for a simpler solution. Thus, in its simplest form, the 
visualisation could just show the number of documents found for 
individual query terms and their combinations 19  (the queries were 
submitted to AltaVista20 for the numbers shown below). The terms are 
underlined since they can be clicked to perform a new query with those 
terms. The current query is in boldface (Figure 12).  

 

16,200,000 Textile 
1,940,000 Breaths 

942 Backbacking 
2,570 Textile breaths 

3 Backbacking textile 
1 Backbacking breaths 
0 Textile breaths backbacking 

 
Figure 12: Showing the number of documents associated with  

each of the query terms and their combinations. 
 

From these numbers, the user can already see that ‘textile’ and ‘breaths’ 
are very common terms but their combination is much more restrictive. 
‘Backbacking’ is a much less common term (as it contains a typo), and 
when ‘backbacking’ is combined with the other terms, the number of 
documents retrieved is zero or close to zero.  

                                                 
19 I am grateful to Harri Siirtola for this idea. 
20 http://www.altavista.com/ (accessed 17 June 2005). 
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To make it possible to process the number of retrieved documents earlier, 
at the pre-attentive stage, the information can be conveyed using more 
visual means also. We believe users to be interested not in the absolute 
number of hits but, rather, in the order of magnitude. Several possibilities 
exist for presenting the order of magnitude visually. For example, the 
height or length of a bar is a logical representation for the number of 
results retrieved. In addition, we believe that darkness can also be 
successfully mapped to number; the darker the area, the more populated it 
is. Two examples of visually presenting the number of documents 
associated with each query term (combination) are shown in Figure 13. 

 < 10 10–50 50–100 hundreds thousands >100,000 >1 million 

textile        
breaths        

backbacking        
textile breaths        

backbacking textile        
backbacking breaths        

textile breaths 
backbacking 

0 
      

 

 textile 
 breaths 
 backbacking 
 textile breaths 

 backbacking textile 
 backbacking breaths 

0 textile breaths backbacking 
 

Figure 13: Visualisations showing the number of documents associated with  
each query term and their combinations. 

 
In many of our user studies, we have observed that experienced users 
utilise the browser’s Find functionality to efficiently locate their query 
terms within the result documents. For other users, the task of visually 
scanning documents is slow and tiring. One solution for this problem is to 
have an external tool, such as the Google Toolbar21, to highlight the query 
terms in the document so that they stand out from the other text in the 
document. We propose an even more straightforward way for the user to 
get to the correct location in the documents. In our proposal, the excerpts 
of sentences in the search engine’s summaries would be links instead of 
static text. These links (anchors) would take the user directly to the 
corresponding location in the document, where the sentence (or excerpts 
of sentences) would also be highlighted. Normally, clicking on the title of 
the page would take the user to the beginning of the result’s page. In the 
link summaries, we propose using the list summary method presented in 

                                                 
21 http://toolbar.google.com/googlebar.html (accessed 17 June 2005). 
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Publication IV to make the different links clearly separate from one 
another.  

Data analysis for the eye-tracking study reported upon in Publication III is 
still ongoing. After completing the data analysis, we hope to be able to 
offer some guidelines as to how eye-movement recordings could be used 
as an additional way of providing search engines with implicit relevance 
feedback. 
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8 Conclusions 

The goal of this thesis has been to study the search strategies employed by 
different groups of search engine users. An additional goal was to provide 
search interface design ideas that facilitate the search process. The eight 
individual publications focus on different parts of the search process—
namely, query formulation (and refinement), result evaluation, and 
information re-access. In those phases, we were especially interested in the 
strategies of users with different levels of experience. In addition, we 
studied the strategies of older people, some of whom were very 
inexperienced computer and Web users.  

The results from the individual studies suggested that strategies of query 
formulation, result evaluation, and information re-access evolve as people 
gain experience. However, the studies do not give a definitive answer to 
the question of what kind of experience is the most important in this task: 
is it experience in Web use, computer use, or possibly information 
searching (from the Web using Web search engines)? Further research is 
needed to gain a deeper understanding of the factors affecting the 
evolution of strategies. 

The results clearly showed that not all Web searchers are alike. Studies 
based on log analysis present averages, ‘the typical Web user’, but it is 
important to note that the typical Web user is not a real person. If design is 
based on the knowledge of this typical Web user, the end product may not 
serve real users optimally. Instead, the focus should be on understanding 
the real people contributing to the averages: how do different kinds of 
people accomplish search tasks, and what kinds of problems do they face? 
The interface design should then aim at helping the users with their real 
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problems and make it possible for users to take advantage of beneficial 
strategies.   

A survey22 suggested that it takes about 12 minutes before Web users 
experience ‘Web rage’, and that a majority of respondents become 
frustrated with the Web even when they find the information they were 
looking for. Our experiences suggest that the frustration or even rage is 
understandable: in most of the studies we conducted, the participants had 
problems in finding the piece of information we asked them to find. The 
problems were evident in several phases of the search process: 
formulation of the first query was already challenging, and when the first 
query was unsuccessful, query refinement was even more difficult. 
Problems were also evident in the evaluation of the search results, as some 
users spent a lot of time going through irrelevant results. The participants 
in our user studies certainly did not represent the full diversity of the user 
population that search engines need to serve: the true population includes 
people who are both younger and even older than those we could observe. 
Also, there is a large group of less technologically savvy people, as well as 
people with a wide range of disabilities, just to give a few examples. 
Although the results cannot be generalised to the user population as a 
whole, our results showed that even young, mostly technologically 
oriented people have problems with searching. Thus, we can confidently 
assume that there is a very large group of Web users who have even more 
problems than we found. More research is needed to examine whether the 
user groups we did not manage to include in our studies utilise similar 
strategies and face similar problems to those we found.  

It should also be noted that the tasks in the studies we conducted were 
actually relatively easy. In most cases, the task descriptions contained 
terms that could be directly used in the queries. Additionally, for the tasks 
we used, it was easy to evaluate the relevance of the result documents, as 
the tasks were of the closed type. The situation would be much more 
difficult if the tasks were more research-like. For example, for the task 
‘Find information on internationally significant events that happened in 
Asia during the last 10 years,’ it is very difficult to think of any terms that 
would be useful in the query. Thus, more problems or more difficult 
problems would presumably be found with such tasks.  

The aim of this thesis was to provide answers to four research questions. 
First, we addressed the question related to the strategies people use and 
the problems they encounter in query formulation and refinement, result 
evaluation, and information re-access. The results of our studies showed 
that the strategies people use are closely related to their level of experience 
(mostly in computer use), as well as other characteristics, such as age. 
                                                 
22 http://news.zdnet.com/2100-9595_22-526590.html?legacy=zdnn (accessed 20 June 2005). 
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Thus, the answers to the first question and the second, ‘How do different 
groups of search engine users differ in their strategies and the problems 
they face during searches?’, will be discussed together. Our results 
suggested that the querying of Web users is simple, the queries are short, 
and operators are rarely used (and when they are used, the users often 
make mistakes) (publications I and II). While the length of the queries 
does seem to increase with experience (Publication I), even experienced 
users rarely employ sophisticated Boolean operators or term modifiers in 
their queries (Publication V). Their use seems to be common only among 
professional searchers (Publication VI). Experienced Web users seem to 
commonly utilise parallel searching, wherein many browser windows or 
tabs are open at the same time (Publication V). For result evaluation, we 
defined two evaluation styles, the economical and exhaustive style. These 
styles were also related to the level of experience, the economical 
evaluators seeming to be more experienced than the exhaustive evaluators. 
The economical evaluation style also seemed to be more successful, at 
least for certain tasks (Publication III). The findings on information re-
access strategies showed that experienced users most often use search 
engines or URLs to find the material again, add bookmarks, or print out 
documents (publications V and VI).  

The third research question was: ‘Which strategies are advantageous in 
different phases of the search process?’ For measuring search success, we 
proposed a measurement, task completion speed, that combines the 
common metrics of effectiveness and efficiency. Our results suggested that 
search success (as measured by TCS) is related to queries of appropriate 
length and type, as well as to an adequate speed of querying (not too fast 
nor too slow). In addition, the economical evaluation style seemed to 
result in faster task completion time in certain cases (Publication III). In 
line with the theory of information foraging (Section 2.4), we would expect 
these successful strategies to be utilised more by the more experienced. 
Our results support this view (publications I, II, and III). The 
successfulness of the different information re-access strategies was not 
within the scope of this thesis. 

To answer the last research question, ‘How can tools provide additional 
support for the advantageous strategies and alleviate problems in the 
search process?’, we presented a number of tools or design ideas 
motivated by the user studies. For example, we showed how a simple 
modification of the current query-biased summaries can increase their 
readability, we suggested several ideas to facilitate understanding of the 
functioning of the search engine, and we offered ideas for easier 
information re-access, as well as implementing and testing an elderly-
friendly search interface. For the ‘How can such tools be designed?’ 
question, the author believes that the best answer is: through user studies. 
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It is truly enlightening to see the users in action—to understand users’ 
needs and problems, one needs to be in contact with them.  

In summary, one goal of the thesis was to convince the reader that in 
designing search engines to serve the immense population of Web users, 
the users’ needs have to come first. We feel that it is unrealistic to expect 
that hundreds of millions of Web users could be taught to search 
‘correctly’. Instead, we feel that it is essential that designers understand 
the users’ strategies first, and then design systems that support and 
enhance those strategies. A citation from the founders of Google nicely 
summarises this idea: ‘For example, we have seen a major search engine 
return a page containing only “Bill Clinton Sucks” and picture from a “Bill 
Clinton” query. Some argue that on the Web, users should specify more 
accurately what they want and add more words to their query. We 
disagree vehemently with this position. If a user issues a query like “Bill 
Clinton” they should get reasonable results since there is an enormous 
amount of high quality information available on this topic.’ (Brin & Page, 
1998) 
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