1 Frances Johnson

Shifting Contexts: relating the user, search and
system in teaching IR

Frances Johnson

Manchester Metropolitan University

Abstract ‘Shifting Contexts’ explores the benefits that are to be
had, with respect to teaching and learning in IR, in delivering a cur-
riculum based on the analysis of the retrieval system in the context
of the user perspective of searching for information. Three user con-
texts are identified, based on students’ experience and provide a mo-
tivation to relate IR practice and principles in learning how to
search, build and/or design a search and retrieval system and its in-
terface. The complementary perspectives enable insight to be
gained into our use and interactions with IR systems in characteris-
ing search, as well as in the explanations of the techniques and tech-
nologies for IR. The goal is to provide an education in the practice
of IR and in the concepts and principles that underpin the discipline.

Introduction

If we are to understand the subject of Information Retrieval (IR) we need
to be taught in a curriculum that not only covers the core topics of index-
ing, search and their systems, but that also provides for an analysis of these
in the contexts of users, their queries, searches and uses of information.
This chapter explores teaching IR in the contexts of the student’s experi-
ences with IR systems and, with the goal of facilitating an understanding

of IR from the insights gained from the complementary perspectives of the
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user and the system. Defining a curriculum for teaching Information Re-
trieval has been called upon and investigated over the years. Bawden et al
(2007), for example, identified a set of 28 topics from an analysis of IR
and its related, yet distinct, subjects of Information seeking (IS) and Hu-
man Information Behaviour (HIB). It was considered necessary to
broaden the topic to cover and integrate the aspects of IR, IS and ISB in
order that a coherent and reasoned course curriculum could be constructed
from the set of topics, with a particular perspective or target group in mind.
Saracevic and Dalbello (2001), in defining a curriculum for a digital li-
brary course, not only posed the question what to teach, but also how and
why and demonstrated the integrative function of the digital library context
for learning about the different aspects of IR. The challenge for the cur-
riculum for IR is not so much that the core techniques or knowledge of the
field have developed to the extent that it is hard for the educators to keep
abreast, it is the challenges posed by the broadening of IR and its horizons
impacting on our experience of the technology. In this chapter, IR refers
to its broadest sense whereupon the human or user perspective, the study
of information behaviour, and the system perspective, the retrieval system,
are complementary in providing the insights for the understanding of IR.
In a well organised curriculum this broad scope of the topic can be used as
an advantage in teaching the subject. To this end, the approach presented
and discussed here is to use an aspect of IS and HIB, specifically user in-
teractions and search processes, as a context in which to analyse, and un-
derstand, the technology and the design of IR systems. Furthermore the
broadening of horizons for IR, in particular in search engine applications is
also considered for the impact it has had on our experience with IR sys-

tems, and in turn on the user contexts employed in the teaching of IR.
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This chapter focuses not so much on the curriculum content for IR,
but on the impact the broadening of IR has had on the analysis of the cur-
riculum for its effective delivery. Decisions are to be made regarding what
should be taught at undergraduate and at postgraduate level and, given the
extent of topics covered in IR, choices must be made to suppress or ex-
plain specific detail according to the target audience. However, it is im-
portant to note that the fundamental techniques for IR, what we aim to
teach, perhaps somewhat surprisingly have not changed (Croft et al.,
2010), but have stood the test of time precisely because they are grounded
in the discipline — in the study of the properties of text, documents, collec-
tions, language, users, information needs and communication. A course in
IR is more than a course in engineering a retrieval ‘solution’, it is a study
of the subject area and, as such, the study of the theory, concepts, princi-
ples and practice. The broadening of IR for the study of the complemen-
tary relations between users and the systems provides insight for the un-
derstanding of the discipline, and user contexts may be used to facilitate
this analysis in the delivery of the curriculum.

The broadening of the horizons of IR has also had impact on our
experience of IR systems and, as such, on the user contexts in which to re-
late the principles and practices of IR. This chapter explores a range of
possible ‘contexts’ many of which have been employed on the IR units on
the undergraduate and postgraduate courses in Librarianship, Information
Management and Web Development at the Manchester Metropolitan Uni-
versity, essentially to set up ‘need to know’ scenarios in learning IR. The
shifts in these contexts, in accordance with student experience of IR, will
be explored as well as an assessment of their effectiveness in teaching the
core practices and principles and, ultimately to gain an understanding of

IR.
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1.1 What is IR: an overview for the curriculum

Sparck Jones and Willett (1997) define IR in their explanation that

document retrieval subsumes two related, but different, activities: indexing and searching.

Indexing refers to the way documents [... ] and request [...] are represented for retrieval

purposes. Searching refers to the way the file is examined and the items in it are taken as

related to a search query.
This succinctly defines the field in terms of its core yet belies the range of
topics typically found in an IR curriculum as required to teach the subject
— information organisation, indexing, database, file structures, inverted in-
dex, Boolean, probabilistic retrieval, ranking, web retrieval, relevance, sat-
isfaction, evaluation of information and human information seeking and
searching, to indicate a few. Whilst wide ranging, the extent and depth of
coverage can be determined and distinguished, in part, by the aims and
perspectives of the host course. Croft et al’s (2010) textbook, aimed pri-
marily at undergraduates in Computer Science, indicates what would be an
exemplary programme in which the components of a search engine are de-
veloped in detail — including crawling to acquire the information, text
processing for creating the inverted index, indexing (based largely on sta-
tistical properties of text), query processing, ranking algorithms and their
retrieval models, evaluation and performance metrics, and techniques be-
yond index search, including classification and clustering. Indicative of
the broadening horizons for IR, the later chapters consider extensions of
the core material, suitable for postgraduate study and including advanced
techniques to capture document content and search techniques for applica-
tions such as social and peer-to-peer search.

Information Retrieval as taught on courses in Information or Web

Technology is likely to cover similar ground of IR architecture and tech-
niques with emphasis on the web, for example, as given in Levene’s

(2006) textbook, An introduction to search engines and web navigation
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techniques. Likewise a textbook aimed at the student of Library and In-
formation Science will also cover the tools and techniques for IR but with
greater focus on the principles of organising and the representation of in-
formation, such as classification and the library catalogue, and in the
broader context of providing information and its services. Others, such as
Web Dragons from Witten et al (2007) provide an understanding of how
search engines work whilst focusing on the impact of the technology on

our lives and our interaction with the world.

1.1.1 Educational goals: the fundamentals

The breadth and depth of the IR curriculum may well be tailored to the
student, as potential computer scientist, web technologist, information sci-
entist or librarian, and the technical detail or particular practice suppressed
or explained accordingly. Yet, in every course there must be a common
educational goal to teach the fundamental techniques for IR which as
Belew (2000) points out are as relevant as they were pioneering. The goal
in providing an education in IR, the analysis and appreciation of IR, de-
mands not only the teaching of the practice of IR - the techniques and how
the systems work -, but also an analysis of ‘why’ they are as they are — the
theory, concepts and principles that have underpinned its development.

Thus in learning about IR we seek to understand

¢ the properties and patterns of language, text and collections that
have led to statistical and probabilistic IR or the ‘best match’
model;

¢ the semantic indeterminacy and resultant noise of document rep-
resentations and searchers’ requests which Blair (2006) refers to
as “the IR problem”;

¢ the characteristics and patterns of our information seeking behav-
iour and our ability to interpret the retrieved information; - and,
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® how we use and interact with IR systems for effective retrieval as
Sparck-Jones and Willett (1997) pointed out, in characterising IR,
will increasingly complement and become of importance as the
field develops.

To effectively teach IR, consideration must be given to how the learner can
gain an appreciation of the contexts for IR for the complementary insights
to be gained into the principles that underpin the subject. Teaching IR in
the context which is familiar to the student, as a user of IR in searching for
information, may help in organising a coherent curriculum and for the in-
sights to be gained from the complementary analysis of the users and their
searches and the system. In this broad view of IR, the analysis of the user
context and of the core concepts and techniques for IR enhances the under-
standing of both, and resultantly, our ability to apply, use and reason about

IR.

1.2 Teaching in contexts

Teaching in context is a fashionable concept with the purpose of providing
a motivation for the learner to have explained the ideas and principles of a
subject as dictated by the given context (Light et al., 2009). In this chapter
the pedagogy of ‘teaching in contexts’, and its relations such as ‘scaffold-
ing’ are not examined in any detail, rather ‘contexts’ is used simply with
the aim to make the subject of IR both interesting, accessible and possibly
less abstract to the learner. Consideration of the context can also help de-
termine what needs to be learnt as dictated by the perceived needs of the
context, and indeed the resultant ‘need to know’ set up in the mind of the
student. Three teaching contexts in IR can be identified of ‘Search’,
‘Build’ and ‘Design’ where the educational goal remains the same but the

shifts in the context are adopted as students’ experience of IR systems has
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broadened. The remainder of this chapter explores what the student may
be motivated to learn about the practice of IR, its techniques and technol-
ogy, so as to be able to participate in the use and design of IR systems.
Consideration is also given to the effectiveness of the contexts in helping
the understanding of and the reasoning about the principles of IR. In effect
we begin to unravel, so as to purposefully employ, the reciprocal relation-
ship of the user perspective, their searching behaviour and the design and
development of the IR system, that is the understanding of IR in principle
and in practice. The first of these ‘contexts’ of learning how to search
goes back to the early days of IR and what we might consider to be the

‘traditional’ IR system.

2. The search context

By the 1980s ‘computerized information retrieval’ was firmly established
with the development of the large bibliographic databases, search system
hosts and online searching. Searchers were trained, known professionally
as search intermediaries, with knowledge of both the procedural and the
conceptual skills and techniques for online search. These skills would be
taught and honed as part of a course in Library and Information Science on
information access covering cataloguing, classification, indexing and
online databases and search systems. Students were thus motivated to
learn how to search professionally, on behalf of a client with an informa-
tion need, and to search effectively with knowledge of the central con-
cepts, principles and techniques of information retrieval systems.

Learning to search, utilised as a ‘context’, requires the student to
find out how information is stored, indexed and searched in the IR system

and how its features facilitate search. Knowledge of the record structures,
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the parsing rules and the stemming and stopwords applied in the creation
of the searchable inverted file structures reveals to the searcher the repre-
sentation against which their query is matched. Equipped with this knowl-
edge of the logical storage structures and information processing the stu-
dent learns the requirement to specify precisely the set of query terms that
the sought documents will contain. Understanding that the words in the
searcher’s expression, and not the concepts, are matched in the full text
Boolean based system, the student learns to make use of field searching
and the Boolean and word proximity operators with a sense of how they
affect retrieval. Proximity operators are used to bring together terms sepa-
rated in the word index, truncation to expand the word forms searched,
field searching to add precision to the search and Boolean operators to
strategically broaden and narrow a search. Thus the student learns to use
the search features to gain control of the search and to build detailed and
often sophisticated searches, honing the search expression and manipulat-
ing the exchange towards a desired outcome.

With practice the student searcher comes to use the system as a
tool and gains a certain control over the search outcome as he concentrates
on finding the query terms to represent the information sought; in making
assessments of the relevance of the retrieved items; and, in using the
search terms strategically to obtain feedback from the system to refine the
query or to conclude the search. By understanding how the information is
processed and stored in the system and by relating the core principles and
techniques of the IR system to the practice of search the student learns how
to search, and, ultimately (hopefully) meets Harter’s (1986) aim in his

textbook Online Information Retrieval ,that,

the reader learn[s] how to think about online information retrieval. (p.ix)
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Effective retrieval requires knowledge of the domain and the system to
formulate a query to capture its intended meaning and to submit for match-
ing to take place on some logical representation of the documents. Learn-
ing about the IR system and its tools and techniques thus elucidates the
practice of search. In a keystone paper, Swanson (1977) made the com-
parison of search to the problem solving process of scientific inquiry, thus
characterising search as - the formulation of the search expression to test a
hypothesis that the expression will retrieve desired items. And, just as
with scientific inquiry, the inspection of the retrieved results for relevancy
is conducted to test the hypothesis, with some expectation that the testing
will be an iterative process. Learning to use the tools and techniques of the
traditional (Boolean based) IR system it seems leads to a problem solving

approach to the search task towards what is often an unknown final goal.

2.1 The shifting context: from traditional to modern systems

The modern search engine, based on an alternative best match model of re-
trieval, does not (obviously) present the searcher with command based
search and the opportunity to nurture a strategic approach to search de-
pendent on knowledge of the search system. It has been discussed that
classic information retrieval techniques are irrelevant in the environment
of the web (Savoy and Picard, 2001) and that the availability and regularity
of search rarely finds us engaged in a well prepared session to conduct a
thorough search on a topic. Teaching IR in the context of learning search
may be less convincing to today’s students - their experience of regular
and instantaneous search would seem to have little call for engagement in
a well prepared session to conduct a thorough search on a topic. Whilst

the expert searcher may be an effective context to teach IR to students who
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may search professionally, on behalf of a client, an alternative context
seems justifiably called for to encourage students to find out about the
technology that provides their experience of instantaneous search, the

modern retrieval system.

2.2 Comparing search in traditional and modern systems

During the 1990s development in search technology, that is to say the
emergence out of the labs of the ‘modern’ statistical based retrieval sys-
tem, required students from Library and Information Science to take more
than a cursory look at ranked retrieval systems. Having been taught the
‘traditional’ retrieval system in the context of ‘search’, a comparative
study of the functionality of the traditional and modern systems presents a
possible basis to learn about the modern IR system. A paper on the his-
torical development of retrieval systems by Hahn (1998) provides just such
an opportunity by inviting students to concur with or argue against her
conclusion that the lack of search control offered by a search engine is so
significant that we should not think of these as successors to the traditional
online search system. Entering into the debate, as a set exercise on a
course in IR, students are motivated to learn about IR techniques and the
models that provide both the control and manipulation afforded by the tra-
ditional system and the apparent ease by which we query the search engine

which has lead Markey (2007) to observe that,

for the vast majority of people’s information needs, doing one’s own searching is
convenient, immediate and instantaneous — connect to the internet, launch a Web browser,
type a query into a search engine’s dialog box, browse ranked retrievals, and link to one
or more full-length retrieved documents”

In drawing the comparison, not only are the differences highlighted be-

tween the models of Boolean and ‘best match’, the investigation leads to
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contemplation of the notion of what might be termed ‘computational off-
loading’, coined by Navarro-Prieto et al. 1999', and used here to refer to
the extent to which the user’s effort to search is reduced and ‘off-loaded’
onto the engine’s computations to interpret the query and, in effect, judge
the relevance of the results. Thus motivated to learn about the inner work-
ings of the modern retrieval system and how search engines work, the stu-
dent can explore, with a sense of purpose, the effectiveness of the tech-
nologies based on the vector space model and/or probability and the
further clues used in web retrieval, such as link popularity (as referred to
by Brattelle (2005) as pre-programmed relevance calculation) as well as a
range of other techniques such as relevance feedback, clustering, user pro-
filing and trends such as ‘dice and slice’ to bring information to satisfy the
user’s request and/or to encourage users’ interaction with and engagement
in search (depending on the stance taken in the debate). Again teaching in
context, as we discover and learn more about how the engine processes our
queries and returns information, insights are gained into the search activity
itself. Have the techniques for pre programmed relevance or ‘inferred in-
tent’ reduced our search effort for the better, in terms of making search
easy requiring less time and thought? Does the answer to this depend on
the type of the query? Or are there times when we might find searching
less of an effort when we utilise the search features and seek to optimise
the precision of the search? Or have our intentions simply been artificially
narrowed by the similar results we continually retrieve, leading to a disen-
gagement from the search process opting for the easy fix with an expecta-

tion of immediate satisfaction? These are the sorts of questions we might

! Navarro-Prieto et al. coined the term to refer to the extent to which a rep-
resentation reduces the amount of cognitive effort required to understand
what is being represented
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contemplate informed by our acquired knowledge of IR and, in particular,

its application in web search engines.

3. The build context

The ‘search’ context provides a structure of sorts for student learning in
IR, and its effective relating of IR techniques and tools to the practice of
search helps the learner to understand and be able to reason about IR.
However, for many students, especially those in Computing courses the
context may be unconvincing. The ‘learning to search’ context may even
be considered too specialised for today’s LIS student who comes with con-
siderable experience in searching on the Internet and whose expectations
in studying IR increasingly leans towards the developer perspective to
learn how to build, implement or provide access to a collection. Thus as
the educational goals of the host course develops from the perspective of
the user to developer, the context for teaching IR shifts. The information
retrieval system itself, specifically the search engine, is something that all
students will have used and, in itself, provides an interesting, and familiar
context to learn about the subject. The search engine, and the lists of pages
in response to their searches, is the most likely student response if asked to
name a most frequently used piece of software. The ubiquity of the search
engine at once provides a strong motivational context to find out more
about IR.

Chau et al (2003) at the University of Arizona make a compelling
case for using the familiar (domain specific) web search engine to interest
and motivate students in learning fundamentals of Computer Science (CS).
They point out the variety and diversity of core skills CS students need to

acquire including databases, data structures, algorithms, web servers and
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web based interfaces. Furthermore, in a web based environment, students
will need to be taught application development using and integrating dif-
ferent systems and tools (with script languages and Internet protocols) and
project management. Perhaps they allude to a motivational context in their
decision to base the project on the building of a domain specific Web

search engine in stating that:

[w]e believe the project is useful for helping students understand some key computer

science and information system concepts, acquire sufficient background in Web

computing technologies, and obtain experience with various types of real-life challenges

in system development projects.
Courses intending to use the ‘build’ context to learn about computing ba-
sics as well as specific IR techniques may use existing toolkits that provide
the components needed to create a search engine. Tools, such as those
listed on the web site SearchTools.com, can be directed to take a list of
Web sites from a user as seed URLs, collect Web pages based on these,
index the pages, and set-up a user interface for querying and browsing.
Whilst these are interesting for students to look at and to learn about the
basic architecture of a search engine with its components of spider, index-
er, query processor and search engine, they may not provide sufficient
technical detail on the information processing involved for the educational
purposes of understanding data structures and algorithms in a ‘build’ pro-
ject.  For this reason, course tools (e.g., the programming exercises in
Croft et al’s (2010) textbook make use of Galago, open source designed
for the teaching of search engines) can provide a transparency of the results
from each component to favour later processing in a way that is not possi-
ble in the integrated toolkits. Chau et al (2003) provide students with two
simple tools, called the Al Spider and the Al Indexerl, to collect and store
and index web pages for import into databases whereupon the query en-
gine can be implemented and customized, for example, to improve the

ranking of the results or to provide additional functionality such as applica-



14 Frances Johnson
tion of linguistic analysis and clustering to the search results (Chen et al
2002 Competitve Intelligence Spider). These individual spidering and in-
dexing tools are widely available to build a searchable index between
terms and document for use in a project. SMART, developed by Salton, is
probably the earliest indexing tool (Salton and McGill 1983) and is widely
used in traditional and web based engines. The java based Lucene toolkit
is a more recent tool and software library that has become increasingly
popular for document indexing due to its ease-of-use and fast indexing
speed.

The learning opportunities in the ‘build’ are considerable as stu-
dents are involved in working with the programs of search software, in-
cluding parsing, indexing and computing similarity between query and
documents; and the ability to affect the processing in amending the soft-
ware helps develop an understanding of the theory and core concepts in IR,
such as term distribution and the discriminating power of a good index
term. Belew (2000) takes this further in intimating that the impact of
search engines is such that IR techniques and theory may be perceived as
central to the discipline of computer science itself (and thus its curricu-
lum), possibly on par with database but providing a distinct technology
that is described in probabilistic rather than in absolute terms.

Thus, it would appear that there is a strong rationale in terms of
learning opportunities in IR for the build project to motivate the CS stu-
dents. Furthermore on obtaining a solid grasp of the fundamentals of IR at
undergraduate level there are opportunities to develop student experience
in IR at postgraduate level. On understanding the concepts and principles
of IR, and the technology of IR, students may be exposed to the related
technology and/or applications to provide further functionality to the IR

project. Hearst (2005) writes about her experience to introduce NLP in to
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what she calls an ‘applied class’ to extend the usefulness of projects built
using basic IR. Her experience may be taken to be promising in that stu-
dents involved in an IR build project quickly learn the limitations of the
existing tools with regards to the functionality they want to build in, but al-
so as a caveat in trying to extend the project and pack too much into the

course:

In fact, I find that this is a key aspect of teaching an applied class: learning what is

possible with existing tools, what is feasible but requires more expertise than can be

engineered in a semester with existing tools, and what is beyond the scope of current

techniques.
Hearst provides the example of a project that provides search on a collec-
tion of blogs, enhanced with NLP technology for text categorisation and
the content analysis of the retrieved blogs for, say, the analysis for the
emergence of new terminology within the blogs. The broadening horizons
for IR certainly presents a range of such possibilities to interest students in
the development of, and, application of IR technologies to enhance their
projects and resultantly their learning in IR. However, cognisant of the ex-
tent of required learning for such enhanced projects, and the danger of los-
ing sight of what is essential to learn in the course, Jones (2007) describes
a successful problem solving approach to deliver a course that focuses on
the interest generated by emerging digital environments, such as multilin-

gual IR or agent based discovery, for students to research and develop so-

lutions using advanced techniques and applications.

3.1 The shifting context: from build to design

IR taught in non computing departments such as Library, Information Sci-
ence and Web Technology may also find the ‘build’ context motivational.

In these types of courses less emphasis will be given to the acquired and
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applied knowledge and skills in programming and computing. However,
the engineering approach to build a search and retrieval system, again,
provides a familiar and potentially interesting context on which to enhance
the required learning of the concepts and principles of information organi-
sation and retrieval. Students on these courses would be expected to be
involved in the organisation and representation of information as well as
the implementation of search technologies for the retrieval of information.
The availability of integrated software development toolkits and commer-
cial systems provides the opportunity for these students to be involved in
the ‘design’ of search and retrieval systems suitably informed by an ac-
quired understanding of IR.

Ruthven et al (2008) describe a project developed at the University
of Strathclyde which requires students to draw on course material to engi-
neer a design for the storage and retrieval of a given collection of docu-
ments or information objects. This course used the Lucene toolkit, thus
focusing less on the computing skills required in the implementation and

more on the design, as they explain:

The use of Lucene meant that the group did not have to invest time in implementing low-

level retrieval and indexing code but could concentrate on appropriate design decisions

for their documents, e.g. whether to use stemming, to use index fields or whole texts.
The driving force, as explained was the constructivist principles of learn-
ing, which goes beyond the motivational notion of ‘teaching in context’
based on the idea that active engagement with material provides learners
with the basis and the means to construct knowledge.

The context has thus shifted from development to emphasise the

requirements for the design in providing search and retrieval. Decisions
regarding the provision of Boolean, free text searching, fielded or faceted

search, vocabulary browse, clustering and ranked retrieval with or without

relevance feedback are based on knowledge of the index and search meth-
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ods of the system, again motivating the student to have explained these
techniques. The potential learning opportunities set up by the design con-
text, however, goes further. The design decisions are not only informed by
knowledge of the back end information processing but also by knowledge
of IR as a system involving the user, the reasoning about search behaviour
and assumptions made regarding the user’s interactions with the system.
The final section thus concentrates on ‘design’ as a teaching context and
again considers the learning opportunities presented in finding out about
the retrieval technology when related to the user’s activity of search which

the system is designed to support.

4. The design context

Students may be involved in a ‘design project’ via a series of exercises or
in a complete user centered design project with finished product. In either
scenario the context sets up the need to learn about search and information
behaviour as varied as it is complex. There are times when we want to be
able to specify our query, to gain control of the search and go for an exact
match on the stored information. Boolean may be off-putting to the un-
trained user, but there are alternative models that can be used to design for
the specific search. Faceted search, for example, is gaining popularity for
its functionality, especially on e-commerce websites. On the other hand
there are times when we do not come to the engine with our honed search
formulation, but with the immediate feedback of retrieved results we can
quickly learn how best to ask for the information. It has been noted, usu-
ally with a degree of concern, that users typically enter only 2 or 3 key-
words to represent their query. However at the same time it has been

noted that the general public have learnt how to search and are more likely
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to enter a promising set of keyword or phrase, such as ‘body mass index’
rather than a question ‘Am I fat?’ (in this instance, to retrieve documents
to find out if you are overweight). And, there are other times when our re-
search has not a finite answer and we seek a more tempered approach to
searching, along the lines of the berry picking model (Bates, 1989) where-
in thought is involved in associating prior knowledge and in interpreting
and recognising the information retrieved. Whilst factors will end the
query, with this sort of inquiry it is difficult to judge the outcome of the
search - the line between “‘satisfiction” and satisfaction may be impossible
to decipher. It is, however, an approach to search which involves the ele-
ments of exploration and learning that make it quite distinguishable from
the immediateness of the ‘popular’ query, stopping where we have found
something - anything — and from the approach where we have a good idea
of what we are looking for and seek to optimise the precision of the re-
trieved results.

A class exercise can be used to encourage students to think about
these three main search activities beyond the immediately apparent surface
procedural activity of querying a search engine. In observing the search
behaviour of oneself and of others insights are gained into the activity of
search and the processes deciphered by relating thoughts and actions, if at
all, to established search models, such as Bates’s (1989) berrying picking
or Kuhlthau’s (1988) stages of [re]search. Such practical exercises have
always had a place in the IR course, for example to demonstrate inter-
inconsistency in indexing documents, and which aim to reveal the issues
and challenges for IR (rather than as a piece of valid and tested research).
Observing search behaviour is, of course, non trivial and for the purpose of
a class task it is facilitated by setting up the (non validated, but functional)

categories of the ‘anything will do dialogue’, the ‘precision dialogue’ and



Frances Johnson
the ‘concept dialogue’ as are outlined above and to identify differences in
the user information queries and system requirements.

The aim of learning about user search behaviour is to reveal the
challenges for the design of the search interface. Searching is not a homo-
geneous activity. Korfhage (1991) argued that designing for the simple
search can inhibit the searcher and suggests what is needed is a range of
search tools from which users could pick the most suitable for their current
query. The user may have a preference for simple search and immediate
results (and for computational off-loading), but the observed brief query
and subsequent scanning of the retrieved results may signify the searcher
engaged in a more complex cognitive or conceptual process, making men-
tal connections to concept build and learn about the search topic. Effec-
tively the ‘design’ context, in encouraging the student to think about
search behaviour and the resultant challenges for the IR system guides the
student towards learning about IR principles and practices in the realm of
HCIR (Human Computer Information Retrieval). HCIR, as coined by
Marchionini (2006), is to design IR systems in a way that reflects the
needs and behaviour of its users during the interactive communicative
process of IR. If the goal of HCIR is to bring the user back into the sys-
tem by interacting with the information sought and taking responsibility
and control for successfully retrieving information, we need to design not
only for known item searching but also for exploration and the high level
learning and investigative processes in which searchers engage to under-
stand the concepts about which they seek information. The concept dia-
logue in the class exercise thus sets the greatest challenge in the design
task, and optimises the potential for learning about IR, in aiming for what
might be considered to be ‘low computational off-loading’ and high user

engagement with the information and the search features at the interface.
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The ensuing shift in the context, but not necessarily of the course content,
is perhaps realised with reference to the original ‘search’ context which
encouraged the searcher to think about search by relating the principles and
practices of IR to the activity of search. The design context focuses on IR
at the interface, the presentation of the tools and techniques for IR to facili-
tate the searcher in searching and in interacting with the information, con-
centrating the mind on the query and encouraging the searcher to think

about search.

4.1 Search Design

The task to design a search and retrieval system given an appreciation of
the user’s search activity and requirements, aims to provide a motivation
for the student to learn about IR. To achieve this, the design task may in-
volve the actual design and build of the system, although the educational
goal of the teaching context may also be achieved in paper prototyping
and/or comparative reviews of existing search systems and specifically
their interfaces. Depending on the duration of the course, the latter may be
the only feasible choice and may be preferable in deterring the student
from getting too caught up in practicalities of implementation which can
distract from the aim of the exercise. Designing the system requires an
understanding of IR techniques and technologies to decide on the best
search model for the proposed system. Understanding the user search ac-
tivity, especially the requirements for exploratory searching, further in-
forms design for user interaction. For example important design decisions
need to be taken to show to the user how or why their results were found
and to enable the searcher’s interaction with the results in focusing on

finding what they want. Further inspiration into how the study of the
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search interface is informed by the theory and practice of IR (and HCI) can
be drawn from recent textbooks focusing on the search interface, such as
Hearst (2009). Of course there is the danger that design and the interface
further broadens the study of IR requiring the student to delve into the top-
ics of Interface Design, Human Computer Interaction (HCI), usability and
user testing. Whilst it is possible that an interesting and highly motivating
course could be built around the intersection of IR and Interface Design,
we need to keep reminded of the intention of ‘teaching in context’. For
this reason, the analysis of information visualisations used in the design of
the search interface may be used in effect as a teaching resource to meet
the goal of learning IR.

Visualisation is about exploration and understanding (presenting
the information in a way that facilitates its interpretation and its use).
Clustering technologies, for example, can be used to group results or gen-
erate categories or facets to guide search. Thematic visualisations of the
clusters of information aim to present to the user an overview of a subject
domain, or a fuller picture of the document set. Early examples of search
results visualization are discussed in Korfhage (1991) and Hearst (1999)
which cluster, based the statistical similarity of documents within a set,
and then map the resulting groups into a galaxy type visualisation (e.g
,Korfhage’s 2D (VIBE) or 3D (GUIDQO)) These visualisations may be
particularly useful to a searcher new to a topic as it provides a snap-shot of
the significant areas in the subject. It may also be of use to more estab-
lished researchers as an aid to spotting gaps in the knowledge of the sub-
ject and where new connections might be established. Throughout the
1990s and into the 2000s a wide range of experimental visualisation sys-
tems have been developed, such as InfoCrystal (Hearst, 1999) and Tile-
Bars (Hearst, 1999), Kartoo (online) and Grokker (online), which also pre-
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sent potentially useful search aides in the visualisations of concepts and the
view of their relationships within and across documents Conceptual visu-
alisation is a major development in the promotion of searching for infor-
mation as a holistic process, as compared to the atomised bytes of the lin-
ear text based results. It offers a way of exploring and comprehending the
complexity and connectedness of information, rather than the relatively
straightforward task of retrieval. It aims to assist in the learning and inves-
tigating involved in searching for information firstly, to allow access to
subject areas the searcher did not know existed and did not know to ask
questions about; and, secondly, to expand the searcher’s broader under-
standing of the domain of interest. Perhaps this is akin to what
Marchionini and Shneiderman (1988) allude to in their writing on hyper-
text retrieval systems, claiming that when an information system presents
results it engages in a process of structuring knowledge and resultantly,
“the systems themselves affect how users think when using them” The
evaluation of these visualisations may not demonstrate their value and a
desire from users to stay with the status quo may present significant barri-
ers to the development of the visual concept based search interface. How-
ever, and the important point made with regards to teaching IR is that their
analysis serves the goal of bringing together and developing the student’s
knowledge of user search behaviour, the system retrieval techniques and
their relations in developing an understanding and ability to reason about

modern principles and practices of IR.

5. Assessment and Conclusions

The topics that may be covered in a course in IR are many, and their effec-

tive delivery requires the curriculum content to be analysed and organised
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in some way to help the student come to an understanding of IR. In es-
sence the educational goal in teaching the fundamentals of IR is to develop
the students’ ability to reason about IR, that is to have knowledge not only
of the core techniques and technologies for search and retrieval but also to
have gained insight into concepts and principles of IR that have lead to the
generation of these systems. The analysis of the complementary aspects of
IR, the user perspective of searching for information and the system per-
spective of search and retrieval, suggests that the latter when taught in the
context of the former can help make the subject more comprehensible to
students of IR. The user context of searching for information and using
search technology is something with which the student is familiar and, as
such, provides a motivational context in which to have explained the prac-
tices and principles of IR Over time and with the developments that have
taken place in IR, specifically in search engine technology, the teaching of
IR in contexts (as experienced in Manchester) has shifted in accordance
with the developing student experience with and expectations of the tech-
nology. The context of ‘learning to search (expertly)’ guides the student in
learning about the core concepts and techniques of the ‘traditional’ online
retrieval system and, in the process, gives rise to considerable insight into
the processes of search as a skilful and intellectual activity. It also pro-
vides a sense of the problem of ’semantic indeterminacy’ to which Blair
(2006) refers and which begins to explain the problem with the notion that
information retrieval is some sort of matching process as might be sug-
gested in the bibliographic description and vocabulary control employed in
the traditional retrieval system. The modern retrieval system is however
based on the model of retrieval of finding a degree of similarity between
the query and document, and again it is valuable exercise to explore and

analyse the relationship of the user’s search and the system’s processing of
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information with the aim of finding out how the search engine works. This
can effectively take place in a comparison of the Boolean and best match
models for search technology and their provision for what might be re-
ferred to as the computational off-loading on behalf of the searcher. Stu-
dents working on this as a piece of assessed coursework evidently found
the debate based on Hahn’s (1998) assertion a useful basis on which to ex-
plore the activity of search and to have elucidated the workings of the
search engine. In addition when taught the controlled approach to search-
ing, as in the search intermediary, students have declared that they feel
more confident in their ability to search for information in transferring
some of the conceptual processes of search and in taking a more controlled
and strategic approach to search in the traditional and the modern envi-
ronments. It may be interesting to attempt to evaluate this in some way,
but in the meantime it is assumed that such feedback is as a result of the
student learning more about the process of search, or how search and re-
trieval engines work, or is a piece of insight from learning a bit about both.
Students on courses in Computer Science may find there is more
motivation to be had in learning ‘how to build’ a search engine and the
learning opportunities are considerable as students work on the use and
possible modifications of the components of search engine software. In
using and developing programs for IR and to support real and familiar ap-
plications students can learn a lot about the fundamentals of computer sci-
ence as well as the techniques and theoretical underpinnings of IR. Work-
ing with IR programs helps the student to develop a key sense of the
statistical and linguistic properties of text which underpins so much of IR
and leads to insight that, for example, clustering can take place based on
lexical cooccurrence or that a purely algorithmic approach to stemming

has its limits and why stemming might be useful to regularise terms in IR.
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A final shift in the contexts is from ‘search’ and ‘build’ to ‘design’ to mo-
tivate learning in IR for students who may not have a Computer Science
background but who may still expect to be involved in the design and de-
velopment of these systems. The decisions involved in the design of
search and browse features and functionality are non trivial and draw on
extensive knowledge of user’s information searching behaviour and on
working knowledge of search and retrieval techniques and technologies.
Thus to inform the design students are encouraged to get involved in exer-
cises to observe and attempt to identify search behaviours in order that
they have a solid knowledge of the varied and often complex search activi-
ties which the system is designed to support. Whether this exercise is car-
ried out in its own right or, as part of a preliminary investigation in a user
centered approach to design, it provides the student with insight into
searching tasks and behaviours that helps in making decisions regarding
the search and browse features that are possible from the underlying re-
trieval model and information processing. Particular emphasis is given to
the open ended exploratory searching behaviour in which the user of the
search system interacts with the information in a far more holistic and it-
erative way than might otherwise be assumed in the common procedural
perception of search. Focusing on what we might refer to as the concept
dialogue provides the student of IR, working in the design context, with a
basis on which to investigate and begin to appraise the design of the search
interface and the potential for information visualisations in reducing the
user effort in interpreting and understanding the information and thus fa-
cilitate their search. However, in recommending the ‘design context’ and
specifically the analysis of the relationship of exploratory search and in-
formation visualisations, it is important to be reminded of the goal, which

is not so much as to teach how to design a ‘search solution’, but rather to
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motivate the student of IR to have explained the concepts and the tech-
niques and to make IR comprehensible in investigating how IR works -
and why. Contexts and the exercises that may be set to relate the princi-
ples and practices of IR to the activity of search brings together the broad-
ening of IR necessary for the delivery of a coherent curriculum. For some
time the aspects of IR, the user perspective of IS and HIB and the system
perspectives of retrieval technology have gone about their business in
harmony but never quite connecting. But things are changing and, as
might be expected, research and development in IR is evolving, as are our
teaching contexts, possibly towards shared perspectives and, at the least,

towards a complementary understanding of the aspects of IR.
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