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ABSTRACT

Information-intensive work tasks in professiondtiags usually involve dynamic and
increasingly complex information handling tasks tthaclude the gathering,
assessment, assimilation, and creation of infoonatiUnderstanding the factors
affecting information handling processes, and thmaraction, is important and forms
the objective of this thesis. To reach this objextithe present thesis examines one
information-intensive domain, the patent informataomain.

The thesis addresses this objective through a tiaaigial empirical study in a real-
world patent information handling context, that tie Swedish Patent and
Registration Office. Specifically, three main theticzal aspects of information access
are investigated: information seeking and inforonatretrieval tasks as performed
within patent work tasks. These aspects of infoionataccess are observed via
multiple data collection methods. Qualitative andhmfitative data are collected for
analysis. Although these three aspects of infoilmnadiccess have been investigated in
various ways, contemporary understanding of thaerirelationships in real-world
situations is far from sufficient.

Based on the empirical observations, a framewarlp&bent information seeking and

retrieval is proposed. This includes identifyingvabfeatures of the search process,
such as relevance judgement strategies, and ofmatmn needs within patent

information retrieval. A set of important relatidnigs between the task levels of
information seeking and retrieval and work tasks empirically described. During

the study, extensive collaborative information iestal activities were revealed and
integrated into the general framework for patehieeal. Features and conditions of
collaborative information activities are outlineadadiscussed.

Finally, the thesis proposes a methodology for esystically studying empirical

information seeking and retrieval processes asegppler a longer span of time in a
real-world professional work setting. We developad method for analysis,

description, and systematic categorisation of gatBnsessions and modelling of
session-based information retrieval. In additiamj achematic diagrams illustrate its
application.
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1

INTRODUCTION

In information-intensive work tasks, it is crucifdr professional workers to stay
informed and, at the same time, inform their calless in order to manage
knowledge effectively and stay competitive, effeetiand innovative.

Information-intensive work tasks in professionatisgs usually involve dynamic and
increasingly complex means of information handlitigat include gathering,
assessment, assimilation, and creation of infoonafl herefore, we need to enhance
our understanding of factors affecting informatibandling processes, and how
different components interact and relate to eabbrot

Information Access (IA) encompasses a wide rangepuadcesses, of which
Information Seeking (IS) and Information RetrieyH) involve two different and

sometimes opposite viewpoints and research are#s jroportant processes that will
be of focus in the study described here.

Information seeking is commonly understood as tloegss performed by a human
involved in searching for information through diéat information channels, such as
paper-based, human, and those involving electribhisystems. Information seeking
involves the perception of, for example, the tasBbfem, information needs, and
relevance assessments. The research approachoohation seeking is focused on
empirical studies and on theoretical models ancceptual frameworks, to describe
and explore the known elements and their presunmata@onships. Aspects that have
been given focus within this research field includ®rmation seeking strategies
(e.g., Bates, 1989; Belkin et al., 1993, 1995) asdr behaviour (e.g., Borgman,
1989; Kuhlthau, 1993a, 1993b; Wilson, 1997). VakKaf01la) proposes a model
based on identified iterative information seekimgl aetrieval processes as well as
various means of analysing these processes.

Approaches in IR research have been investigatsgarch on IR techniques for
storage, representation, searching, and presemtaifo information potentially

perceived as useful and relevant for a human usargvoup of users (Ingwersen &
Jarvelin, 2005). One such approach looks at laké#R. This line of IR research has
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its foundations in the Cranfield project (Cleverdd®66) and has since then
contributed with a vast body of research resulttadand knowledge with three
emerging approaches: system-oriented IR, usertedelR, and cognitively oriented
IR approaches. The aim of the system-oriented relsaa to develop and construct
new algorithms for retrieval and presentation opitally) relevant documents. One
of the most important models used in system-orcetie research is lab-based IR.
The basic laboratory model does not involve ther,usestead, it focuses on
documents, requests and their representationgatiabase, queries, and the matching
of the representations of the documents and theesgg (Ingwersen & Jarvelin, 2005,
pp. 114-115). Since the system-oriented IR reseappioach neglects involvement
of the user, research that is focused, for exangrlethe users and the information
need can be found in user-oriented research int@ IR, Bates, 1989, 1990) and in
cognitive IR research (e.g., Ingwersen, 1992) dgakith interactive communication
processes that emerge in the transfer of informggay., Bates, 1989, 1990).

Usually, the operational IR systems described araduated were based on Boolean
logic. The positive element in using Boolean systamthe possibility of creating
structured and precise queries, while the downgdéhat people not skilled in
Boolean logic have difficulties using such systeifise emerging Web technologies
have now changed the scene for operational onkna Ithat it now may include a
varied number of domains, a much larger set ofnenlocuments and document
types, larger and varied user populations, andeglanformation access systems in
which the IR component is just one part of a laigésrmation management system
(Ingwersen & Jarvelin, 2005).

As stated by, among others, Belkin et al. (199Bgwersen (1992, 1996), and
Saracevic (1996), the traditional lab-based IR e@ghn alone cannot provide
understanding and knowledge of the interaction betwthe user and the IR system
as well as understanding of the human actor inti@gaevith information sources. It
has been claimed (e.g., Hansen & Jarvelin, 20@f}yyénsen & Jarvelin, 2005) that for
understanding of information search and retrie¥@&R) processes, the information
seeking and information retrieval phenomena casotily be examined in isolation.
For example, query formulation is often viewed asmalividual activity but should
be seen as related to the overall task at hanthdfarore, the searcher performing the
task is viewed as being rathisolated however, it is obvious that the searcher is
performing the task in a certain situation. Infotima retrieval and information
seeking need to be viewed and understood as tweegses that are integrated and
closely related.

The patent domain provides us with a rich, compéd information-intensive real-
world platform on which a large number of infornoati seeking and retrieval
activities are performed and also information dearc operational IR systems is
performed and problem-solving are done daily anatligoSuch a platform is suitable
for investigating in depth real-world search preessand studying work tasks, search
tasks, and their relationships.

14



1.1 The work task and the IS&R tasks

In a professional work setting, a work duty cardbscribed as a set of tasks that need
to be performed. Most of these tasks can be coreside be work tasks. Work tasks
can be further divided into subtasks that may béopeed in order to accomplish the
specific task(s) set by the organisation, groufgam, and individual.

Work tasks may involve different tasks, such ascteaasks. A search task can
further include information seeking and also infation retrieval tasks. The information
retrieval task is explicitly considered a specifipe of information seeking task
(Wilson, 1999; Ingwersen & Jarvelin, 2005).

Examination of the work task, and the levels ofrcled@asks (information seeking and
information retrieval task) forms the foundation aiir empirical study of patent
information handling activities and is applied toreal-life work task setting. In

utilising these levels, often considered only sefgly, we may also develop an
approach to their integration. By integrating théssk levels and viewing them as
intertwined, we believe, the present study will wifrute to broader understanding. In
general, IR systems have not been explicitly desidgior specific work tasks, unless
the system is designed in a highly specific donwiith a well-defined knowledge

structure and user environment.

Even though the number of analytical and empirgtadies involving information
seeking, human information-related behaviour, seatrategies, and information
channels and resources is slowly growing, rflationshipsbetween work tasks and
information retrieval have not received enoughraite (Hansen, 1999; Hansen &
Jarvelin, 2000; Vakkari, 2003; Ingwersen & JarveR005). One problem is that in
studies of information retrieval, the user (or pemier) is seldom present. At the same
time, the information seeking research field hatteshfocus from studying only the
user and the user’s behaviour in isolation, towaade contextual studies involving,
for example, work tasks, interactive searching, d&udnan—computer interaction
technologies.

Motivation for studying the patent domain:
There are several reasons we wanted to investgatessional work tasks:

- Work tasks are seldom used in laboratory IR meteas a context for the set
of queries used in the IR experiments. Therefolee butcome of
laboratory-based experiments may say more aboalganithm than about the
applicability of the results of the experiment ireal-world setting.

- Interactive IR experiments (e.g., Borlund, 200@ye tried to simulate a real
search task in which test subjects will assumertaicesituation, performing a
set of queries with a description of the situatiand some contextual
components. The simulation may be conducted in eenoo less complex
setting, and most of the components are controleetd, through
predetermination, also measured in a controlled way

- Most of the a) laboratory-based and b) simulagegberiments that use
participants utilise students from academic sestidg not have the in-depth
competence and skills in performing real professiidasks to draw upon.
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Both lab-based and simulated user experiments kasie strengths, such as the
controllability and designed measurements perforrikvever, exploring a specific
domain also involves skilled professional workeesf@ming real-world work tasks.

Accordingly, our motivation for studying work taskslated to information seeking
and information retrieval tasks is as follows: tfirve wanted to move the study of
interactive information seeking and retrieval fréaboratory-based settings into an
environment where interactive IS&R activities adluare performed. We believe
that, by doing this, we will reveal circumstandeattmay affect future conceptual and
methodological frameworks for research. This wotlldn allow us to study work
tasks as well as interactive IS&R tasks in thetura environment and not separated
from each other. The study of relationships betw&erk tasks and the information
seeking and retrieval tasks may reveal new knovdealygd would then benefit ‘an
integrated view of information seeking and retrie(@agwersen & Jarvelin, 2005, p.
VII).

1.2  The patent work domain

This section gives a brief presentation of the pat@main and workplace that is the
target for our study. A more detailed descriptian be found in Chapter 5.

The study was conducted at the patent departmertheofSwedish Patent and
Registration Office (SPR&)a government agency. The overall goal of SPR® is
protect investments (ideas, inventions, designd,teademarks) that individuals and
companies have made into new technological innomatiand to stimulate
competitiveness in Sweden. The main work to accwmghat is done by handling
incoming patent applications, which, in turn, inved tasks such as classification of
patents, search, retrieval, and inspection andingdgf relevant patent-related
information.

The patent application:

The patent engineer (PE) basically handles papgiications written by professional
patent bureaux, applications by companies’ intepsént departments, and finally
those patent applications written by private pessdrnere are both national patent
applications, as well as international applicatjomisich affects the handling process.

The patent application (PA) itself is a highly stiwred document consisting of
several mandatory elements, such as abstract, foacid) description, claims,
figures, and summary. The abstract is importanabge it contains a condensed and
detailed summary of the invention, while the dgst@n gives a statement of the state
of the art regarding the technology.

Finally, one of the most important parts of the wloent is the claim section, since it
defines the various features of the invention féwiclh the applicant wants to claim
legal protection. The language in the patent appbo may have different levels of
formalisation: e.g., the description has a moreatae form, while the claims section
is more formal, for legal reasons. In almost atiepa applications, one may find one

1 SPRO, Stockholm, http://www.prv.se/
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or more images or figures to illustrate the techhaetails of the invention. Examples
of images are chemical structure, circuit diagraansl, flowcharts.

Search types:

Within the patent domain, there are different typésearches. The goal with one
may be to test whether it would be worth the eftortwrite an application, while
other types of searches are concerned with theddopical field and yet others are
performed in different phases of the patent hagdfirocess (such as the ‘prior art’
search). A novelty search, on the other hand, ipeed to identify the novelty or
lack thereof as regards the proposed solution ediim the patent application.

The aspect of relevance:

When judging a document for relevance, the pategineer uses a very specific set
of graded relevance criteria. These can be combmddferent ways, expressing the
level of relevance.

The patent handling process:

In general, the patent handling process is welicttired and involves a certain
sequence of stages. When a patent applicationeara SPRO, it is registered. The
application is then reviewed and classified. Afileat procedure, the application is
assigned to a patent engineer with the necessamgrteknowledge. This is generally
followed by description of the need identified asplecific conditions for further
processing. The search task involves various idtieres with different sources, and
the search outcome then undergoes relevance assdgsand judgement. From the
documents retrieved, information may be extractedl summaries may be written as
reports that will be sent to the applicant. Finaltye PA may involve a series of
exchanges between the patent office and the appledore public announcement.

Motivation for studying the patent domain:

The patent handling process is a very informatmgerisive and focused work task.
What makes it challenging for our purpose is the patent work involves a)
professional real-world work and search tasks, Xteresive and concrete IS&R
processes, ¢) highly complicated problem-solvingcpdures, d) time-consuming
search tasks (most of the time each work day ireslsearch-related duties), e) a
relatively unknown domain within the IS&R researfobld (at the time when the
study was performed), and f) the patent applicatibe document itself) as a complex
and challenging entity (with different source typdscuments; and content types,
such as text, drawings, and figures; and languadesally, the patent work also
results in an outcome in the form of a report @mtcast to traditional searching that
yields a list of hits). This means that the outcdthe report) is a consequence of the
assessments of the search result. In the presesistlwe will be investigating some
of these features.

Thus, the patent domain represents a platform fedmch several important and
complex problems may be studied. This motivated tauspursue our goal of

17



performing on-site studies of real-world work arehikh tasks within this specific
domain.

1.3  The goal of the study, and its research probland methods

The goal of the study described here is empiricaéstigation of IS&R processes of
real-world work tasks within the patent domain. W@l analyse characteristic
features of patent IR and, in addition, whether &o& these features affect the
information seeking and information retrieval stag@/e therefore need to explore
the characteristics of different task levels. If eansider IS&R processes important
aspects of professional work tasks and, furthermdeem necessary study of these
processes in real-world (in our case, the patemtailo) situations, then it is important
to
a) Describethe overall patent handling process;
b) Describethe IS&R processes (sessions) within patent haggdli
c) Analysecharacteristic features of patent information iegtal (PIR) with
regard to various aspects of IR (e.g., informati@ed, source selection and
usage, query formulation, relevance assessmerds;hs¢éask outcome, and
search process structure);
d) Analyseboth individually and co-operatively performedretnts of PIR; and
e) Developa methodology for analysing data of task-based RiHRies that is
based on multiple data collection methods and thestrate its application.

For the present study, the Swedish Patent and fRags Office was chosen as the
setting. The patent domain provided us with a mcmplex, and information-intensive
and challenging environment, in which both inforimatseeking and information
retrieval activities are performed. The units chlgeis are at two levels: first a) at the
overall patent information handling process leved aecondly b) at the patent search
session level, within the process.

The study was designed to cover two main problemidressed below.

Problem 1 — the empirical issue:

The first problem is empirical and deals with désng the overall patent handling
process and, more specifically, the IS&R sessidiviaes. We will investigate the

relationships between work tasks and the IS&R tpsKormance process. This
involves analysing the processes of the varioukstass well as collaborative
information handling in the patent domain.

The main research question is: What are the effectwork task features on the
information seeking and retrieval process in thempadomain?

This main research question has seven separatershlems:
1. What are the effects of the work task featunes’K task (WT), information
seeking task (IST), and information retrieval td§KT)) on work tasks?
2. What are the effects of work task features (WHT, and IRT) on the
deconstruction and formulation of the informaticred?
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3. What are the effects of work task features (WST, and IRT) on the
types of sources and source content utilised?

4. What are the effects of work task features ceryformulation?

5. What are the effects of work task features (WIT, and IRT) on
relevance judgement (RJ) performance?

6. What are the effects of work task features (\TT,, and IRT) on use of
information for completion of the task?
7. How are collaborative information retrieval aites manifested within

and in the course of the IS&R task performance gss®

These sub-questions are further detailed in Ch&pter

Problem 2 — methodology:

The second problem is related to development ofethadology for analysing the
data of task-based PIR studies that is based otipheutiata collection methods.
Since we intend to investigate real work tasks thed characteristic features as well
as features of real IS&R tasks, the data colleatust be performed in a real-world
setting. This, in turn, leads to the utilisation adta collection methods that can
capture these features. Our intention is to ca@anmany, varied data as possible that
reflect the patent handling process, which involdat generated by human activities
during IS&R activities. This includes search logs)-site observation of patent
engineers performing their tasks, and their degsonp of their work — in electronic
diaries. In order to do this, we need to utilisehbgualitative and quantitative
methods. In short, we will apply methods that apbme qualitative and quantitative
methods such as interviews (theme-based and wigerexXocus), participatory
observations, electronic diaries, and databaselséags and b) propose methods of
analysing data in a systematic way.

For the present study, we will explore and descriga-world patent work tasks
within the patent domain (at the Swedish Patentid®edgion Office) and the
information retrieval and information seeking attiés within the patent handling
processes. Various features of patent IR will beestigated. We will also analyse
individual and collaborative aspects of patentiinfation retrieval.

1.4  Thesis structure and the research process

The present piece features both theoretical andrigadpsections. Figure 1.1 gives an
overview of the stages and the way in which thdystuas conducted.
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Figure 1.1 The research process

The structure of the dissertation is as followsteAfthe introduction provided by
Chapter 1, Chapter 2 presents a general outlingheftheoretical foundations,
including established models within the informati@eeking and interactive
information retrieval research area. The chaptao gbhrovides a discussion of
information seeking and retrieval tasks embeddevirork task situation.

Furthermore, a specific section introduces thematemain that will be the focus of
our thesis. In Chapter 3, we discuss the reseawivation and describe the main
research questions for the reader. The main rdsearestion is partitioned into seven
sub-questions. For each research question, wedakswibe the means for collecting
data. Chapter 4 describes the design of the stndygaves a detailed outline of the
data collection and analysis process. We providdetailed framework for the

multiple qualitative and quantitative methods ugmdcollecting data as well as how
said data will be analysed. We also discuss thenate for using these specific
methods for our purposes. The chapter ends witbvenview of the research steps
and how the data will be handled.

The results of the study are presented in chapter®.

In Chapter 5, the patent domain is introduced megal and SPRO in particular. The
patent handling process and, specifically, the attaristics of the patent document
are described in detail in order to embed the autére information seeking and
retrieval processes in a real-world context. Inigald, a general conceptual model of
the patent handling process is presented. An utahelielg of this context is
important as background for the discussion of theyais of the data in chapters 6-8.

In Chapter 6, research questions 1-7 are addreBesad a descriptive
viewpoint. Here we present the characteristicsachegroup of variables linked to the
individual research questions. In this chapter,alg® assign to each variable values
identified in our data analysis.

Research questions 1-6 are addressed in Chapt@rodgh cross-tabulation
of the variables described in Chapter 6.

In Chapter 8, we separately deal with researchtmques§ and discuss the
findings on collaborative information seeking aretrieval activities. Types of
collaborative activities are described.

20



In Chapter 9, we present and describe a methadalf/sing and describing the
captured features of interactive patent searchiosessHere we include both
visualisations of query sequences and a schemafitatn of task processes, before,
finally, Chapter 10 presents final discussion amactudes the thesis.
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2

STUDY OF REAL-WORLD
WORK-TASK-RELATED IS&R

This chapter provides the background for the stoglyliscussing prior research and
the concepts involved. Previous work in informatseeking and retrieval (IS&R)
research is presented.

The chapter is structured as follows. First, a ganeverview of literature in the
IS&R research area is presented. In Section 2.-deseribe the basic concept of task
and work task, followed by discussion of informatiaccess viewed in a work task
setting (Section 2.2). Section 2.3 provides desonpof different approaches to
information access. In sections 2.4 and 2.5, diffemodels and frameworks related
to information seeking research and to informatietmieval research are presented.
This is followed by a discussion of patent IR resbkdSection 2.6) and a presentation
of collaborative information search, in Section.2rv Section 2.8, information use is
discussed, before the chapter is closed by a suynf8action 2.9).

2.1  The concepts of task and work task

The concept of task is of increasing importanceafdretter understanding of IS&R
processes. It is a fundamental concept to InfoonatBcience and Information
Retrieval even though the models and methods #ltwith tasks are heterogeneous
(Hansen, 1999). The concept is utilised in the rimition Seeking literature (e.g.,
Feinman et al., 1976; Mick et al., 1980; Kuhlthda993; Kuhlthau & Tama, 2001;
Rasmussen et al., 1994; Bystrom & Jarvelin, 19961n8nwald & Lievrouw; 1997;
Solomon, 1997; Bystrom, 1999, 2002; Herzum & Psgnr 2000) as well as in
Information Retrieval literature (e.g., Belkin ét, 4982a, 1982b; Marchionini, 1995;
Ingwersen, 1996; Wang, 1997; Reid, 1999; Hanse@&r&elin, 2000; Borlund, 2000;
Vakkari, 2001a).
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Tasks and subtasks:

A taskmay be viewed as an abstract construction that mafact, contain smaller
subtasks. It may also be understood from a funatipoint of view, from which a
task is seen as a process wherein an actor perfarset of actions (physical and
mental) in order to reach a goal. A task may begasd to a human by another
human, or the task may be constructed or desigpededtask performer. A task has,
both as a performed activity and as a formal dp8orni, a recognisable beginning and
end. However, it may be difficult to assess whed ahere a task ends and begins,
especially where the limits of a subtask of a mask are concerned (Vakkari, 2003).

On a high and abstract levelywark taskis a sequence of activities that a person has
to perform in order to reach a goal (Hansen, 1989)ork task can be a job-related
task or a non-job everyday-life-related tasknd may be either initiated by its
performer or assigned (Hackman, 1969). The work taay be set, externally or
internally, by a person, a group of persons, oroaganisation, and within a
professional workplace, there may exist a preddfset of work tasks that need to be
performed. There may be established routines, fiiseth procedures, a predefined
set of resources, etc. that are so obvious thaasteperformer or his or her employer
does not reflect on their existence. In a worktsglasetting, a work task may lead to,
or involve, a need for information, which, in tumay initiate a search task.

A task descriptiormay be implicit or explicitly stated. The task degtion defines
certainrequirementsalso providing a description of methods and syiafs related to
the requirements. Normally, a description alsodatéis that the task has a practical
goal (a result) and it normally has a meaningtubose (aeasonfor the task). A task
that includes several specifiable smaller subtaskay involve individual
requirements and goals for each of these. Eachaskibhay have different goals,
requirements, and purposes; for example, a subtegkinvolve IS&R activities as
well as other kinds of activities.

Subtasksmay be accomplished separately and then brougjether to generate a
meaningful result. As an example, we may cite @asibn in which the overall task is

to give an answer (yes/no) to a request regardiatenwquality status from a

microbiological standpoint. One of the subtasks rmaylve a search activity for

seeing whether there are anomalies in the angbystess for the water. The seeking
process is of great value for the microbiologisthwegard to a final decision but not
to the person who externally initiated the workktaBhus, IS&R activities may be

subtasks but normally not the main goals of a wadk. Furthermore, the IS&R

activities are not independent from the work tdskally, there may also be work

tasks wherein a group of people work together solve a specific task or a group of
tasks and each individual may perform his or hen @wbtask (Hansen & Jarvelin,
2000, 2004, 2005).

Task characteristics:
The characteristicsof tasks may have more or less impact on how thk wask and
its subtasks are approached, performed, and coadp{etansen, 1999). Work tasks

% Tasks in day-to-day life are usually non-job-rethactivities and may have cultural and social
characteristics linked to, for example, entertaintne
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may be constructed and perceivedsaspleto complextasks (Bystrom & Jarvelin,
1995), involving, for example, several subtasksess sources, or a topic outside the
searchers’ domain knowledge. Tasks may also hgwvedefinedstructure(or lack of
structure), and the structure may be a result ®fplanning stage of the task (O’'Day
& Jeffries, 1993a). Structured tasks have a dedigrmirse, whereas unstructured
tasks may involve creative planning and flexibililso, tasks may bsubjectiveor
objective where objective tasks may be understood as leitegnal to the performer
and imposed on him or her, independent of theifopmers (Hackman, 1969), while
subjective tasks are viewed as internal to theoper and are often defined by him
or her. In this way, one objective task may creete involve a set of subjective tasks
that all may be distinguished from each other (Hamhk, 1969; Bystrom & Hansen,
2005). Tasks can b®utine tasks or unique/specific task&petitive or routine tasks
may include specific subtasks, as well as spetag&s (Hill et al., 1993). More often
than we think, we arswitchingbetween task activities rather than performingrthe
in logical and serial ways (Preece et al., 1994 éfial., 1993; Belkin et al., 1993;
Smith et al., 1997; Spink, 2004). Depending ontshithe information need, the task
may take a new direction, involving different betvav (O’'Day & Jeffries, 1993a)
and the continuity of the task may be stable or siaft in a new directionTask
uncertaintyis another aspect to take into account. Kuhlthglisormation Search
Process (ISP) model of task uncertainty (1991) lwesseveral stages of uncertainty,
such as when a person becomes aware of lack ofledges and understanding in
order to formulate a personal point of view. lalso important to acknowled¢®w a
task isperceivedif one is to understand its relation to the neadifformation and
IS&R.

Task performance:

Task performancéakes place when a person is handling a partictdar of (in our
case) work, which means that the task is manifetitesugh the person’s goals,
beliefs, strategies, and actual behaviour. Frorhiwithe organisation, sets of more or
less official and formal duties are involved in therk task and the organisation may
outline different levels of tasks both implicithné explicitly. Factors important in
this process are the human searcher and his orlelet of experience, task
knowledge, and domain knowledge, as well as cheniatts of the organisation,
such as specific constraints and possibilitiesk Tasformance can be divided into
three main parts: task construction, task perfocaaand task completion.

Task performer’s knowledge:

The task performed is a central part of the IS&HR aften the performer of the actual
IS&R task. Among the factors related to task penfamce are the task performer’s
prior knowledge, skills, and experience. Perceptibthe work task, along with prior
knowledge and experience, may affect the inforrmatieed, the search tasks, and
relevance judgements (Ingwersen & Jarvelin, 2008)ile performing an IS&R task,
the performer may have different degrees of knogdedbout a) the work task
setting and its components, b) the specific typéask assigned, and c) the specific
topic of the task. A task performer’'s behaviourhwitan organisation is generally

% |t is necessary to mention these aspects of krimeléypes related to the IS&R process, even though
it is not the primary focus of this thesis.
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guided by norms and value structures of the wodawisation (Giddens, 1979). This
knowledge may vary from person to person and irtilhmay also be that a person
possesses conceptual knowledge but lacks knowlafdgew actually to complete the
task.

On thework task levelknowledge of how to plan, structure, and perfdha task
stems from the task performer's knowledge of hoe tdisk is supposed to be
performed procedural knowledge and individual experience(as from prior
performance of similar tasks). With regard to IS&R task levels, knowledge about
information sourceand informationsystemselated to the task at hand are important
— that is, understanding of the structure of theudwent representations and types,
search strategies, electronic and human informaances, angeople and groups
(Hansen & Jarvelin, 2004, 2005) as well as of htvesé are connected to the
perceived information need.

2.2 Information access in the work task setting

Bennett (1972, p. 189) speaks of ‘user task effengss in task performance’ as an
important element and thus points out that we eddok at how people actually are
performing specific tasks. This implies that we mia&e into account the setting in
which the user performs that task. This is als@eated by Rasmussen et al. (1994),
Bystrom and Jarvelin (1995), Kekalainen and Janvgh002a), and Ingwersen and
Jarvelin (2005), who claim that users’ work task&l ajoals must be taken into
account and understood when one investigates IS&Rnaa larger framework (see
Figure 2.1, below). Recently, several attempts hbeen made at analytically
bringing knowledge and empirical findings from IS&felds closer to settings
involving work tasks (Hansen & Jarvelin, 2000; Vakk 2001a, 2001b; Jarvelin &
Ingwersen, 2004; Hansen & Jarvelin, 2005; Bystrorii@&sen, 2005; Freund, 2008;
Veinot, 2009).

‘ Organisational and social level

Task Initiation - Task Process - Task Completion

‘ IST = Information Sesking Task, IRT = Inforation Fetrisval Task ‘

Figure 2.1: Task performance and relationships between thdessls in this studt®

* The figure is a revised version of a figure presiy published by Hansen (2005).
® The dashed line incorporates the focus of ourystud

28



The issue of context is often connected to taskganeral and work tasks in
workplaces in particular. The concept of contexs leeen discussed in depth in
various research settings, meaning different thif@gg., from the human—computer
interaction (HCI) perspective as a ‘context-in-ug&/ixon et al.1990; Anderson &
Alty, 1995)). Context of use is generally used #der to the social, cultural,
individual, and historical factors affecting how opée manage their practices,
whether these be job-related or daily-life-relatedthe information seeking arena,
Allen’s (1997) model of ‘person in situation’ foas on individual influences,
situational influences, and individual and groupd®eas important factors.

Dervin (1997) concludes that it is very difficuti provide a description of how to
approach the concept of context within the aremfofmation seeking. It has proved
difficult to establish a definition of the concegit context, which is reflected in the
vast number of characteristics and attributes a@plio context (ibid; Kari &
Savolainen, 2007).

In our study, we apply a general definition of ‘text’ as the setting involving certain
conditions (such as physical place and work duti®k)le a ‘situation’ is defined as a
set of events or actions that may differ from oigasion to another in consequence
of the influences on a person’s information beharisuch as time constraints or lack
of resources. For example, a classical IR situdBatures a common set of actions or
events that may occur in different contexts, siuech medical vs. an academic context.

2.3 Approaches to information access
Information accesss one aspect of the more general casaformation handling

and encompasses various types of information se@rgnocesses and practices (see
Figure 2.2).

nférmation handling
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Figure 2.2 General levels of information access
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These search activities may be perfornedividually or as acollaborative effort.
Two examples of approaches for accessing informadie@information seekin@nd
information retrieval In addition, we may differentiate between theelsvof work
task as described above and tbearch task The latter is further divided into the
information seeking task and the information remietask. Wilson (1999) presented
a similar division of activities with the corresgbng levels of information seeking
and information searching, surrounded by the marellof ‘information behaviour’.

The two main research areas in study of informatandling activities — information
retrieval research and information seeking and \eha research — represent many
types of studies, ranging from lab-based (systeemted) and tightly controlled
experiments to studies of information search irnurstsettings, where studies of
interactive and user-oriented search tasks canobedf Information seeking and
retrieval (IS&R) is generally understood as encosspay complex and dynamic
processes, given the great variations in the mamygponents involved, such as
retrieval systems, user groups, individual usembur, and user needs, as well as a
variety of domains. Information retrieval reseaceim be characterised by two major
views: a system-oriented (or laboratory-based) ander-centred view. The present
thesis is concerned with a user-centred view ofiberactive information retrieval
area. There are now growing numbers of both theatetodels and conceptual
frameworks that cover various levels of informatsmeking research and information
retrieval research.

Next, in subsections 2.4 and 2.5, we present tlekgoaund of information seeking
research, followed by that of the information etal research area.

2.4 Research on information seeking research

In a work domain, a work task may lead to a paldicinformation need, which may
or may not activate a search task situation. Acketask is carried out by an actor as
a ‘means of obtaining information associated whig fulfilment of a task’ (Ingwersen
& Jarvelin, 2005, p. 20).

Since the beginning of 1960 (e.g., Taylor, 1968cki@an, 1969; Bennett, 1972;
Wilson, 1973; Feinman et al., 1976; Allen, 177; é&at1979a, 1979b), information
seeking (behaviour) as a research area has recaieceglasing attention. Many
conceptual models and frameworks have been propmseédiiscussed. As Jarvelin
and Ingwersen (2004) point out, these models aarddworks cover a wide range of
phenomena, such as information seeking stages,rsackeeking strategies,
information needs, and sources. Studies in infaonateeking have mainly focused
on the use of documents as well as on informatimemiels that support different
search-task-related activities. For this group taflies, the IR system is of limited
importance, while the search processes, task leaetsinformation behaviour are of
greater interest.

The connections between different activities andtexts that generate information

seeking behaviour have been described in a numbegeoeral models and
frameworks. Alongside more theoretical models, \& fienited attempts have been
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made to describe the relationships between infoomateeking and specific features
of work activities more empirically. Below, we atipt to describe some of the most
important models. In the associated studies, diffefeatures have been cited to
explain the variation in, for example, use of vasotypes of information and
channels.

In 1981, Wilson proposed a model of informationkseg behaviour that was based
on the importance of an individual’'s physiologicabgnitive, affective, and perhaps
other needs. Here Wilson suggests that these meayglbe seen as the context of, for
example, a person or the environments involving kwiasks. Thus, information
seeking is seen as embedded in the activity orezbrthat generates information
seeking behaviour (Vakkari, 1999).

One influential approach is called the Sense-Maldpgroach. Proposed by Dervin
and Nilan (1986), this approach calls for a chaofg®cus with respect to the human
involved in the search activity. Dervin and Nilamggest a shift in the consideration
of the information seeker, from users to the ‘dctbhe information systems should
be viewed and assessed from the actor’s pointesf.vAt its base, the Sense-Making
model employs three important labels: ‘situatioggp’, and ‘use’. The sense-making
approach regards the information need situatiothassituation in which the actor

needs to create new sense. This information ne#tkisense-making situation. The
sense-maker (actor) is stopped by some kind ofigapspecific situation. To bridge

the gap between the need situation and (informptise, the actor (sense-maker)
examines the possibilities for overcoming this @éat is, to answer the questions).
Information use has been conceptualised as thereliff ways in which actors ‘put

answers to questions’ (p. 22). The use of inforamais then considered situational.

The sense-making approach does not specify anyorethip between components of
the model or really model the work task aspecnh@drmation seeking. However, the
model is important in that it focuses on the aasrwell as on the sense-making
situation. A sense-making model has been usecdir oiomains also (Jensen, 2009).

Furthermore, some studies have focused on empiexamination of information
seeking and search strategies, such as those dthKuh(1993a), Ellis (1989), and
Ellis and Haugen (1997). Kuhlthau discussed legrtéisks and problem solving as a
process from an information seeking perspective @rsidered empirical findings
from longitudinal studies of students and librasets.

The IS&R process is described from a psychologpstpective, including in its
affective (feeling), cognitive (thought), and ptoai (action) elements, and is further
described as featuring six stages of the searcbepso a) tasknitiation, b) topic
selection c) pre-focusexploration d) focusformulation e) information collection,
and f) presentation. Kuhlthau’s model is based ata drom one type of task, so the
model may be applicable to only one task type @udearning tasks), although the
claim is more general. Kuhlthau developed her mdaeher and applied it to the
work domain of security analysts (1997). In thiseatudy, she compared a person’s
perceptions at the start of his or her career thi¢hperceptions held five years later. It
was found that uncertainty in the information shgvoocess is an important element
in the workplace.

31



In 1989, Ellis presented a set of features invoimedformation seeking:

» Starting, which involves the means by which the bsgins the seeking process

» Chaining — following, for example, citations in kmo material

* Browsing

» Differentiating — using known differences in infaation sources as a way of

filtering information

* Monitoring — current awareness searching

» Extracting — selecting relevant material from arseu

* Verifying, which involves considering the accuraxfyinformation

* Ending, which involves the means of closure
As Wilson (1981) did, Ellis emphasises that therattion of these features within a
seeking activity will depend on the specific ciratances of that activity at any given
time.

These features are further elaborated upon in girieal study of research scientists
and engineers in an industrial setting, by Ellisl &taugen (1997). The features of
information seeking behaviour described correspunthe seeking patterns of the
real-life search situations of the engineers ingagtd. The features were starting,
chaining, browsing, differentiating, monitoring,teacting, verifying, and ending. The
empirical findings were based on data collecteanfiseveral types of tasks, but no
specific information about the tasks was given. $trength of Ellis and Haugen’s
study from 1997 is that the features that werengefiin the paper from 1989 (Ellis)
now were tested in a real-life situation. Howevére interrelationships and any
dependencies affecting or among these featuresoaidiscussed in depth. That is, the
model may describe the process of information seekind its activities, but the set
of features does not explain how these featureseréb real work tasks.

Leckie et al. (1996) present a model of the infdroma seeking of professional
engineers, in which they assume that informaticekisg is connected to different
roles and tasks linked to these roles. The modstrdees particular roles and their
related tasks as creating information needs, whaoke different characteristics and
are, in turn, affected by factors such as sourndjvidual characteristics, and
environmental factors. Important in this modelhs telationship between work roles
and their connected tasks with an impact on thkisgg@rocess. Leckie et al. mention
one specific factor, awareness of sources, poinbuagthat colleagues are a very
important source. Leckie et al. continue by sayhag, as engineers do, lawyers tend
to rely on personal experience and knowledge wheoging information sources.

Task complexity is another feature that has beeengattention, by Bystrom and
Jarvelin (1995), and by Bystrom (2000). They stddieformation seeking task
performance in a real-life setting (among municipalkers in Finland). Their study
focused on levels of task complexity and how iteef§ the task outcome. They
viewed the task-based information seeking as al@moisolving process. The study
examined interrelationships of components such nésrmation channels at the
information seeking level. However, it did not istigate the IR level in greater
depth. The framework introduced does not discussrttegration of different levels
of both IS and IR.

Vakkari (1999, 2000b, 2001a, 2001b, 2003) has ty&ed the work and search
tasks as important components in the understandingS&R. Vakkari (1999)
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presents a model with interlinked components ok ta@mplexity and information
actions in work environments. On the basis of vames in information-related
actions, Vakkari proposes relationships betweeagoates of information activities,
complexity of tasks, and problem structure. Vaklard Hakala (2000) presented a
study of students writing up their master’s thesesr a four-month period. Among
other things, the students’ understanding of tls& thuring its performance and the
use of search terms and tactics were investigate#tkari (2000a) found that a
person’s problem stage during task performanceslatad to the use of relevance
criteria.

Vakkari (2001b) presents a longitudinal study shgwithat stages in task
performance were systematically connected to thernmation sought, the search
tactics used, and the usefulness of the informdoamd when one was writing a
research proposal. On the basis of a set of hypeth&/akkari also suggests a theory
of the task-based IR process, which is an extemdesion of Kuhlthau's ISP model.

Vakkari (2003) also reviews studies that deal wiltke relationship between task
performance and information searching by end usé@rmsscriptively, Vakkari
highlights important aspects for pursuit of taskdzhstudies, pointing out that, before
2003, the object of the studies had almost alwagsnbthe research process in
academic settings. Others had been scarce. Vak&adludes that there is a set of
limitations that need to be considered in task-thagadies, of which the following
are relevant for our work: few studies taking tagksa starting point, almost always
an academic setting, lack of longitudinal studas] studies seldom focusing on the
whole searching process.

Bystrom and Hansen (2002, 2005) discuss both theareand conceptual

foundations for task-based research, and taskslefieed at three levels that are
relevant for information studies: work tasks, im@tion seeking tasks, and
information retrieval tasks. Bystrom and HansenO@Oargue that work task
performance provides a common ground for IS andtildies and that this approach
is useful for bridging the gap between IS and IReech. Bystrom and Hansen
(2005) discuss the concept of task in the contéxbformation studies in order to

provide definitional clarity for task-based IS&Rudies. Central task levels are
defined and the analysis is aimed at providing aceptual starting point for

empirical studies in the relevant research area.

Pharo (2002) developed a method of analysing Wibnration search processes, for
understanding how work tasks may affect informaseeking and searching in the
Web context. The study had a task-based focus #mdugh generalisation, the

outcome of the study addresses task-based IS and iR methodology, this study is

relevant since it used multiple data collectionmes (log statistics, a questionnaire,
interviews, observations, and video recordingsparBlused triangulation in order to
describe the users’ search sessions.

Jarvelin and Wilson (2003) report and discuss ingmarfeatures in relation to how
conceptual models may contribute to scientific aesle. They discuss task
complexity as well as task categorisation in tewhdive task categories (see the
work of Bystrom and Jarvelin (1995), as referredlbove):

* Genuine decision tasks
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* A known, genuine decision task

* A normal decision task

« A normal information processing task

* An automatic information processing task

In order to specify a task as belonging to oneheté five task categories, one often
needs to relate the task to levels of complexitye Tevel of difficulty for each of the
task categories depends on three components: skertput, the task performance
process, and the task outcome. For example, fanaitc information processing
tasks, the type of task result, the work task mecand the types of information used
can be described in detail. In another case, a knand genuine decision task may
involve ana priori known type of result while the procedures for perfing the tasks
are not known. Therefore, the process for the tasiot be determined (Jarvelin &
Ingwersen, 2004). These categorisations may be weeyul for studies examining
and determining task types. Furthermore, thesetiges are also related to the level
of actor knowledge or experience. A specific tagket may be experienced as
difficult by one person but as a normal task bytheoperson.

Jarvelin and Wilson (2003, as originally reportgdJarvelin & Repo, 1983) suggest
another interesting categorisation. Three, orthafjoategories of information types
are described:

* Problem information (PI)

* Domain information (DI)

* Problem-solving information (PSI)
With problem information, the structure, propertiaad requirements are described
(similar to background description), while in prefl-solving information, it is the
method, how to treat the problem, that is covefBus involves how a problem
should be formulated and treated, what informasbould be used for solving the
problem. Finally, the category of domain informatiavolves the facts and concepts
in the specific domain of the problem.

In summary, two important classifications have beé#roduced: categorisation of
tasks and categorisation of information types. Budlie been empirically tested by
Bystrém and Jarvelin (1995).

In a study reported upon by Savolainen (2007)fitiiengs were based on interviews
with 20 environmental activists in Finland. The lgieam investigated was information
overload and how people coped with it. The findisgswed that people used two
strategies to handle information overload: theefiftg strategy and the withdrawal
strategy. As the author points out, the study’sn@intribution is that it provided

empirical knowledge of different strategies whemitaring everyday events through
media. Furthermore, the two strategies are ofted tsgether in an everyday context.

Information seeking performance:

Information seeking is initiated with a recogniseeked for information and then a

decision to react to it (e.g., Wilson, 1999). Agmar or group of people probably start
with some notion of what is wanted or needed withigpecific situation. Preece

(1994) calls this thantentional level and Ingwersen (1996) mentions it as the
underlying intentions in the desire for informatidkt the functional level there is a
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sequence of actions that are performed by a peessgmup of people, or a machine
as a response to the recognised need.

Thetask construction phasavolves the recognition of a need for informatemd a
decision to try to satisfy this need on the parafindividual or group of individuals
and consists of a set of preconditions and goalthi performance and the planning
of time and resources. This phase correspondsetdnitiation stage described in
Kuhlthau's ISP model (1993a). The task may be eidssigned or self-generated
(Hackman, 1969) and may refer to operational demamd desired goals with the
task at hand. Task construction plays a major fotethe other parts of the task
process but is very difficult to observe directBystrom & Hansen, 2002).

A central concept in the construction phase isféhmation of theinformation neegd
which occurs when a user recognises a desire fmmmation created by some kind of
everyday life or work task. Taylor (1968, as repdrby Ingwersen, 1992) and Belkin
et al. (1982a, 1982b) suggested that the recogriisenimpleteness’ or ‘Anomalous
State of Knowledge’ is the mental state for theellyment of the information need.
The information need is then transformed and esge®s a statement representing
that information need. When identified, the need ifdormation may lead to the
adoption of an information seeking strategy in whdifferent informationsources
are considered and interacted with. These sourcag lbe human-, paper-, or
computer-based, such as an IR system (Hansen &Iliigr2004). Those channels and
sources perceived to be available and also exp&se(negative or positive) of past
use are likely to affect the decision to referiierh again (e.g., Gerstberger & Allen,
1968). It is the practical actions of task perfonce that we are able to observe
directly (Bystrom & Hansen, 2002).

As part of the construction phase, seekstgategiesare plans and actions for
acquiring and retrieving information. Bates (1990,578) defines a strategy as ‘a
plan, which may contain moves, tactics and/or atyains, for the entire information
search’. Bates also relates the different levelsfmirmation seeking to different task
situations. The information seekistrategyis linked to the selection of source; these
strategies may be adjusted in all contexts (e.ghltkau, 1993a; Vakkari & Hakala,
2000), or they may be stable and formalised pros=dalosely linked to stages in a
professional task. This also corresponds to thgestaf selection and exploration in
Kuhlthau’s ISP model (1993a). Kuhlthau’s fourth g&a ‘formulation’, is, in our
context, found partly in the construction phase padly in the performance phase.

The actuatask performanceonsists of practical actions and conceptual asttaken

in order to satisfy the need and reach the degjoads and are related to the task
performer’s perception of the task requirementse Tdsk performer now activates
prior knowledge concerning various information amels and sources such as
personal networks and other formal and informalormfation channels (e.qg.,
Kuhlthau, 1993a). This phase is called ‘executiop’Marchionini (1995) and is in
line with what Hackman (1969) terms ‘hypothesesd aprocess’. In Kuhlthau's
model, this is the fifth stage, called ‘collectiorand involves the most intense
activities between the user and the informationesyg Kuhlthau, 1993a).

The task completionphase for information seeking tasks may be desdrifis a
situation in which the information seeking processsuccessfully completed (or
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unsuccessfully terminated) and sufficient relevamormation for meeting the
perceived information need and task requirementsliected. This may lead to the
closing of the task or a reconstruction of the taskn leaving the task uncompleted
(Feinman et al., 1976). If the task performer fadiffsculties in formulating his or her
information need (Ingwersen, 1992), problems maseaalso in defining relevance
criteria. Kuhlthau calls her closing phase ‘Preagon’ (Kuhlthau, 1993a), and
Marchionini (1995) refers to ‘evaluation and ud&ther the beginning or the end of a
task, and perhaps both, may not be anticipatednaayg be recognisable only in
retrospect. However, in some specific cases, awitl subtask may constitute a
well-defined item of work that has a recognisaltéetsand end and may also create a
single result. Such well-defined subtasks will lngeistigated in the present study.

In summary, research into information seeking fesusn the user's (or actor’s)
information behaviour, including features such aslarstanding of the task and
problem, information need formulation, and relevwanassessments. Existing
empirical studies encompass academic studentsrafespional practitioners as well
as everyday information seeking behaviour. Thegdiest often provide us with an
understanding only internal to the domain studidthermore, they generally do not
inform us how findings on behaviour and featuresid¢de applied to IR processes.

However, as pointed out by Jarvelin and Ingwers2004), the benefits of
information seeking research are threefold: theprayide a theoretically grounded
understanding of information seeking through modahsl frameworks, b) give
empirical descriptions of information seeking babavs and processes in different
domains, and c) provide support to design of inftton systems. However, the latter
have been most problematic within the informatieeksng research area. Jarvelin
and Ingwersen (ibid.) conclude that research iarmation seeking must be extended
both toward the task context and toward the infaionasystems context.

2.5 Information retrieval research

In this section, we describe the background ofrmfation retrieval research and, in
particular, the user-oriented and interactive imfation retrieval (IIR) approach.
Information seeking studies (described in the mesisection) and IR studies serve
as the background from which the present study agtsAccordingly, the study is
not only an information seeking study, nor a systgianted traditional IR study. It
has its focus at the intersection of these researelas: interactive information
retrieval (lIR).

The system-oriented and lab-based IR reseasiith as the Cranfifldind TREC
experiments, is concerned with exploring ways gfriowving the matching algorithms
of text representations and queries for retrievaktevant documents. The Cranfield
experiments, begun in the 1960s, are often merdicae the starting point for
classical computer-based IR evaluation activit@eyerdon, Mills, & Keen, 1966).
The goal with the Cranfield studies was to tediedént ways to improve the retrieval

® The Cranfield tests (I and Il) developed and usedodel for evaluation of the effectiveness of IR
systems. They were organised by ARPA (the Advaieskarch Projects Agency).
" Text REtrieval Conference (see http://trec.nist/jo
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effectiveness of IR systems’ enhanced indexing oushThis was done in highly
controlled test settings and usually included &debection (documents) and a set of
topics and set of documents judged to be relevantttie topics used. In this
approach, measures such as precision and recadl (e@d still are) used. This
approach does not address task types, informaged types, and different types of
users and their behaviour in interaction with tlgstesm. Situational and contextual
aspects and factors are not considered, overakerRelR-related experimental
platforms that engage considerable research effi@tthe CLEE NTCIR®, and
INEX'® IR evaluation campaigns.

According to the traditional IR model (see Figurd,2below), IR systenms are
generally built on the idea that all informatiorsgally text-based) can be stored;
organised; and, through various text analysis m®e® also representééh such a
way that it can be matched with a query represgrdaim information need and then

retrieved.

Text analysis Need request
processes analysis processes

1

Text representation
processes

Query formulation

Matching processes

List of potential useful documents

Figure 2.3: Traditional IR model

As can be seen above in Figure 2.3, while theticadil lab-based IR model does not
include the information-seeker, user-oriented IBesgch (such as that following the
cognitively oriented approach) involves users,doying extent.

Interactive IR including the cognitive IR approach, focuseslmnuser and his or her
behaviour. The focus is usually on the interacbetween the system and the user (or
the cognitively oriented IR). This intersection weén system- and user-related
(cognitive) features of IIR studies is not withaamplications. Even though studies
in interactive information retrieval are performieda relatively controlled setting, it
involves studies of human behaviour that may entadontrolled conditions — for

® The Cross-Language Evaluation For(saehttp:/clef-campaign.ordy/

° NII-NACSIS Test Collection for IR Systems (seephfresearch.nii.ac.jp/ntc)t/

1% The INitiative for the Evaluation of XML Retrievé&ee http://clef-campaign.ojg/

1 |n this study, an IR system is atectronicinformation system with the task of matching argue
representations of a set of documents and, frognrtiaitching process, presenting a retrieved sulfset o
documents.

12 This representation is usually in textual form aodild consist of one or more sentences from the
full text, parts of the text, or any of various degtions of the text.
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example, when the researcher sets out to perfoadiest in real-life work-based
environments with users performing real job-reldteks. This is a problematic issue
that has also been highlighted by Ingwersen angelidr(2005) and Kelly (2009).
Still, many studies within the area of IIR are coatéd in a controlled system-based
setting (a laboratory), as with various interactnaeks in the TREC and CLEF work.
In general IR research, the system-based studeesc@mcerned with results and
experiments that can be validated and replicated sa provide reliable outcomes. At
the same time, there is increasing demand for gardefeatures and components to
be involved in IIR research studies — for examplegple, tasks, interaction, and
socio-organisational elements. Furthermore, fronomputer science point of view,
IIR work may also be concerned with the specifatdees of theneandle.g., the user
interface) through which the interaction takes eladowever, this issue will not be
investigated in the present thesis.

As mentioned above, closely related to interaciiRe— and sometimes seen as
included therein — is theognitive IR researclapproach. This research approach is
seen to consist of a set of cognitive structured ah processes that involve
interaction between system characteristics, ther'suseharacteristics, and the
functionality of the user interface (Ingwersen, 2p9nteractive IR studies are also
conducted with individual platforms such as TREQEE (e.g., as iCLEF), and
INEX. In these evaluation campaigns, componentd sag the effect of a user
interface are examined with the purpose of sugggstipport for the user during the
search process. According to Jarvelin (2007, pR2-973), there may exist several
cognitive approaches. These approaches involverdiif conceptual models and
levels of focus, coverage, and analysis. One spphoach is the simulated work task.

The Cognitive Viewpoint has its roots in a workshegd in Ghent in 1977, and its
most influential components are discussed in dbgtmgwersen and Jarvelin (2005,
pp. 23-30). De Mey (1977) proposed several, inted dimensions — for example,
that information processing takes place at diffetewvels; that the actor is influenced
by his or her experiences as well as the sociayarosational, and cultural

environment; and, finally, that information is sitional and contextual. These
aspects have clearly been a vital part of the ¢ivgniR approach. Fidel (1984, 1985)
investigated cognitive styles employed by expeeenmnline searchers when
performing their daily work tasks. The searchergenthen categorised as either
operationalist or conceptualist searchers, wheeefthmer used a large set of IR
system capabilities, such as focus on high pratisamd modified queries

non-conceptually, while the conceptualists focused modifying concepts and

terminology for high recall. Our study connects somR components, such as
relevance and request formulation, from a dailykittask standpoint.

Ingwersen (1992, 1996) has elaborated upon theitoagriewpoint and extended it
into the research area of Information Science, atgooducing the cognitive
information concept in information seeking andiesal. In 1992 and, in more depth,
in 1996, Ingwersen described a cognitive modeh&drmation transfer. This model
has five important parts: a) the information objéntthe IR system, c) the interface
(or intermediary), d) the cognitive space includihg individual users, and e) the
social and organisational environment including kvtasks. Between these exist
cognitive transformations and influences and irtiBva communication of cognitive
structures (Ingwersen, 1992, p. 148). The intevactakes place between the actor
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and the interface. The entities and the relatiggssbetween them are important and
vital for the present study. From the cognitiveattyefor interactive IR (Ingwersen,
1992, 1996), the principle of polyrepresentation rfaulti-evidence) was developed,
to describe the cognitive overlap of informationjems represented through
cognitively different information structures. Thegnitive approach has been further
elaborated upon and a cognitive framework of (lardjnal) IS&R presented
(Ingwersen & Jarvelin, 2005, p. 274). In this modeteraction and perception are the
central interactive IR processes. For example preeption of the work task is the
central factor affecting IS&R. In addition, intetae IR takes place ‘via requests,
information acquisition, relevance assessmentdegaback’ (ibid., p. 275).

Wilson (1999) describes a set of user-orientedarebemodels related to information
behaviour studies, which includes information skaha his model, Wilson points to
the importance of the contextual aspects and dia@¢4$R is embedded in information
seeking processes, which, in turn, is one of thermmation behaviour activities. As
Ingwersen and Jarvelin (2005) point out, Wilsonsidered the cognitive model of
information transfer (Ingwersen, 1992, 1996) toplaet of the IR-related branch of
user-oriented research and not really connectétketonformation seeking processes.

As mentioned previously, Vakkari (2001b) shows thetges of task performance
were systematically connected to the informatiomgéd, the search tactics used, and
the usefulness of the information found when ons wating a research proposal. He
proposed a model suggesting that information sgestould be viewed in relation to
stages of work tasks and task performance. Inrntfudel, Vakkari incorporated not
only work tasks and domain knowledge but also BRted elements, such as
relevance assessments and degrees of relevanell as aspects of information use.
This model represents a task-based approach atbcoes to the IIR research.

One solution to the problem of balance between,ona hand, the demands of
repeatability and validity (and use of proper measients in evaluation) of an IIR
system and, on the other hand, the urge to inastigow people (individuals or
groups) interact with information systems was tleealiopment of IR experiments
using simulated work task situations.

Borlund and Ingwersen (1997) and Borlund (2000)dusee application of a
simulated work task when investigating both Boolead best-match interactive IR
performance evaluation. This approach mixed featuod system-based and
cognitively oriented research for the evaluationllB systems. The motivation for
using a simulated work task was that this woulalbser to a real-life situation in the
study of users performing search tasks with anyi®esn. The simulated work task
situation consisted of two descriptive parts: timutated work task condition and an
indicative request (ibid., pp. 115-116). The sirtedawork task may describe the
reason for the information need, the overall probteat needs to be solved, and the
objective or goal of the search.

Hansen and Karlgren (2005) introduced an addititmedl of general description of a
domain and a work task description that may be usadvestigate the interaction
between human and system (p. 638). As part of asdiogual IR study, they
performed an experiment-based study and proposedtansion to the idea of using
simulated work tasks by introducing and applyinge&panded work task description.
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This was done in order to move toward a more rgalsudy setting. The first level
included a description of the domain and generakvwasks usually performed within
the specific domain of interest. The second lemeluded a situational description
that featured the topic of the query and a seask description (see Figure 2.4).

General description:
domain and
work task description
Situational description:
topic and
- search task descripti

Figure 2.4 The two-level scenario description framework

The study showed that work task scenario descnptitad an observable effect on
the retrieval process. Giving subjects more infdromabout the work task meant

that they spent more time working on the searck, @sd by self-report the subjects

used differing strategies to pick out documentpfenusal, dependent on the scenario.
Furthermore, effects on results by traditional vatece ranking were detectable. This
may be an argument for extending the traditionakXperimental topical relevance

measures to cater for context effects (ibid.).

Elsweiler and Ruthven (2007) proposed a task-basgalliation methodology wherein
one would utilise a combination of a naturalisipeoach and controlled experiments
in a laboratory setting. They concluded that indss of personal information
management (PIM) situations, both system and useuld be examined when the
users actually perform their own tasks. These stughow the importance of moving
toward more realistic study settings for undersiregdR.

The interactive information retrieval process:

Thetraditional IR approach is mainly concerned with improving thie&fveness of
automatic searching techniques and has therefe driticised for neglecting issues
such as cognitive and interactive aspects (Sarac&995, 1996; Ingwersen, 1992,
1996).

IR systemsapply different IR techniques supporting different search strategies.
Information or information objects vary in representation atadicture. There are
different types of information objects and differ@mformationresourcesUsershave
different preferences, experience, and knowledgdefsubject domain and IR, and
they also apply different strategies when perfognan search task (Belkin et al.,
1993). In addition, users have different tasks goals, with various characteristics,
that influence the way the user approaches the I8&Rity (Hansen, 1999).

As in the case of the IR leveiask constructiorresembles to a great extent the
previous task level of information seeking. Howewnce IR tasks are seen as part
of the information seeking phase, the construatibthe IR task is done in a specific
context and situation and may then be affectedhbyharacteristics of the work task.
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As regardstask performancewhereas information seeking tasks may focus on
satisfaction of the full information need, composef] for example, different
information types and topics, as well as using sdweonsultations of channels and
sources, the information retrieval task may focaghe satisfaction of a portion of an
information need through a single consultation ok @r more sources. Thus a
task-performer may seek information from one or ensources in a search episode
(Belkin et al., 1995). For example, utilisation either single or multiple electronic
databases through a search interface would caestiie information retrieval session.

An information needs identified as a gap in a person’s knowledgeslfasy., Belkin

et al., 1982a, 1982b) and recognised as an ‘Anamaftate of Knowledge’. The
mental state of the information need is then ti@mséd and expressed as a statement
representing that need. The information need mawy be formulated as a request for
information.

Thisrequests then transformed and formulated iguweryby the searcher in order to

explore one or several IR (database) systems. Ayguay consist of one or more

search terms or similar query attributes, suchlassification codes or dates, and can
also have logical operators as separators. A termny string of characters (e.qg.,
letters and numbers) with no space between themeXample, words, classification

codes, and abbreviations may be considered as.t@imesprocess of formulating a

qguery is a result of the perceived information naed requires various knowledge

levels, such as domain and subject knowledge, #sawé&nowledge and experience
of interacting with certain specific sources (csiéh-Yee, 1993); domain knowledge
is the knowledge a person has in a specific domain.

Here, source selectionnvolves the decision to approach an electronformation
source. This implies that the task-performer hames@rior knowledge of how to
operate the source. The selected source is mady li& contain documents that are
relevant to the query (Baeza-Yates & Ribeiro-Net®99, p. 451). Selection of
sources is seldom done randomly.

Query reformulation or subsequent queiyn the interactive process of retrieving
information, the task-performer may need to refdateuthe query as a result of, for
example, inappropriate term selection or overlymabroad term selection.

A sessionis a coherent unit or set of queries submittedth®y user during an
interactive episode between the user and the IRemsysA session may consist of
more than one search. It might be representeceXample, by the actions bracketed
by opening and closing of an IR system. In our cassearch session involves the
interaction with one IR system. However, this diéfam is problematic, since a
specific search strategy may be repeated two timiés two different search systems,
with different contents or functions, either sdyiar in parallel.

Relevance judgemetd a central concept in information sciences. Wydaamount of
literature exists on the topic. Relevance judgennesy be understood as the process
of assigning a (binary) value of relevance to ajecttor information — expressing the
level of relationship between the user’s informatieeed and a given document at a
specific time (Wilson, 1973; Mizzaro, 1998) in a sentext. Thus the relevance
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assessment is merely situational and implies tiesearch task is connected back to
the work task at the same time, connected to caudéxonditions and how well the
search will support the accomplishment of the @8Kson, 1973; Schamber et al.,
1990; Saracevic, 1996; Vakkari, 2003). As statedClogijn and Ingwersen (2000),
relevance always implies a relation (p. 537). Mipz§1998) proposes a model
wherein relevance may have the following compondofsic, task, and contexEor
example, the component ‘task’ is referred to asatttevity the user will perform with
the retrieved documents (p. 8). Kekaldinen and eliérv(2002b) describe the
application of different degrees of relevance;uker assesses not only the document
as relevant or not but also how relevant it is (mi¢vant, partially relevant, or fully
relevant). Topical (or subject) relevance involtes relationship between the query
topic (the search task) and the topic covered iftf@mation object). As Cosijn and
Ingwersen (2000, p. 539) point out, the relatiobasically system-oriented, although
the request (later transformed into a query) isnfdated by a user. System (or
algorithmic) relevance is about the relations betwéhe features (e.g., words) in a
query and an information object. The similarity usually measured statistically,
according to Cosijn and Ingwersen. Other manifestat of relevance include
cognitive relevance, which deals with the relatimtween the cognitive information
need of the user and the information object, antvaittonal relevance, involving the
relationship between goals and motivations of ther and the information object.

There are different approachesrébevance feedbadglkRF). Relevance feedback may
a) involve the user marking relevant or non-rel¢vancuments. The information
retrieval system then uses features (e.g., termag) these documents to enhance the
guery. In the next approach, b) the system mayestgglist of new terms to the user,
from which the user then makes a selection. Thefiserms is then used to augment
the query (Hearst, 2009). Finally, there is c)iedtApproach, called pseudo-relevance
feedback. Here, the system assumes that the higlrdstd documents also are
relevant and from these documents the system faentierms and automatically
augments the query (Croft, 2009). The outcome @fréfiormulation of the query will
lead to the new query being ‘moved towards thevegledocuments and away from
the non-relevant ones’ (Baeza-Yates, 1999, p. 118).

Task completionThe information retrieval task is completed throwgamination of
the results and reflection upon them leading terhto the process (possibly after an
additional iteration of the phases). In some castgeval is aimed only at fetching of
known documents, which then may not even be resd igentified. As described in
the discussion of the information seeking levemetmes the task requirements and
the result of the retrieved information do not nmatand this may lead to closing of
the task or a reconstruction.

2.6 Patent IR research

Information search of patent documents and reltestiectual Property (IP) material
is an increasingly important issue for the businesgentific, and legal community.
The patent domain is also of interest for a growaygand research community.

As have other professional work environments, tla¢emt domain has quickly

changed from being paper-based to being almostegniddressed via electronic
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databases for searching and other information randobols. Over the last 20-30
years, much of the research and development adregsaind tools for handling patent
documents has been performed within the databasagement research area (Joho,
Azzopardi, & Vanderbauwhede, 2010). In the lastyéfrs, the IR community have
shown increasing interest in and awareness ofpeeifec characteristics of the patent
domain (Leong & Kando, 2000). Today, there are sdvmformation evaluation
campaigns for research on patent documents.

Patent IR:

In the IR community, research on patent informatietrieval has been performed
both as individually reported research activitiesl around evaluation campaigns.
Currently, there are three major evaluation camymidpat deal with patent IR: the
NIl Test Collection for IR system (NTCIR); the Csskingual Evaluation Campaign
(CLEF, which involves the CLEF-IP tratk and, finally, a series of symposia,
conferences, and workshops initiated by the InfaionaRetrieval Facility (IRE).

The NTCIR hosts a series of evaluation workshapsak originally focused only on
retrieval from Japanese documents and cross-lingf@mation retrieval, with the
first NTCIR workshop held in Tokyo in 1999. The Wwehops usually draw attention
to research in the IR and Natural Language Prawgq®LP) research fields. The
NTCIR evaluation deals with both traditional labsbd IR testing and more realistic
evaluation involving users. The NTCIR-3 Workshap,2001, was one of the first
concerted attempts to improve patent documentexetki and since then there has
been a separate patent evaluation track. The rasknhas involved cross-lingual and
monolingual retrieval tasks as well as patent tedizg and patent-mining tasks.

The CLEF evaluation campaign promotes research mmtdtilingual information
access. To realise this, CLEF develops infrastreciind test collections. One aspect
of this is work on cross-lingual patent retriev@lLEF-IP). In multiple-language
search, problems such as general concepts and, tacrasyms, and new words and
concepts used in patent applications complicatassessment and performance.

More recently, another platform for intellectuabperty-related research has
emerged. The Information Retrieval Facility (IRB)an independent, not-for-profit
research institute. The institute began operatio@007 with the goal of promoting
and facilitating IR research for industrial take-up order to do this, the IRF
facilitates large-scale IR experiments and worlkes warious events, such as the IRF
symposium, to bring people from the IP industry anddemia together. The IRF also
organises the CLEF-IP track and an IRF reportssed each year (e.g., Piroi & Tait,
2010).

The TREC evaluation campaign started in 1992. har years now (from 2009),
there has been a track called ‘TREC-CH’, dealinghwihemical IR in order to
develop and evaluate technology for searching atengiocuments. The interested
participants are mainly patent-searchers and chemis

13 http://www.ir-facility.org/clef-ip
14 http://www.ir-facility.org/
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Research in patent IR:

To understand the context of the patent domairehettis necessary to undertake
studies of the various users involved in patenidhag, the tasks they perform, and
the different information handling processes thetun. However, in moving to a
specific domain, such as the patent domain, highbcific characteristics will come
into play. Patent documents have several spe@fciand characteristics, which
suggests that we need to go beyond general-putRassearch.

Retrieval of information:

Retrieving documents, extracting patent informati@md analysing patent text
documents are some tasks that require text proxpssior example, the patent
document is generally written in a highly structingay, but sometimes it employs
very generic terms and concepts, in order to cagermmuch as possible of the
invention described. This means that the person witode the document is handing
over this description to the patent engineer foerpretation. This specific problem
involves reduction in precision.

Since a patent document may contain different typlesext, research has been
performed on techniques for enhancing patent aisalyseng et al. (2007) describe
various text-mining technigues suggested for thalydical process of patent
handling. Among these are text segmentation, texhnsarisation, and feature
extraction. The authors describe a methodologynded to improve the analysis
process. They also describe a typical patent asadgenario involving the following

stages: a) task identification, b) searching, cynsentation, d) abstracting, e)
clustering, f) visualisation, and @) interpretati¢bid., p. 1217). Because of the
problematic aspect of long and complex sentencélsirwvthe claims, which often

incorporate multiple descriptive elements, Paragagind Dittenbach (2009) discuss
from an NLP perspective how to process the claiotematically such that several
separate parts may be extracted and analysed. &nadimain-specific patent-related
issue is chemical IR. As do patent documents, otendocuments have specific
characteristics (Zhu & Tait, 2008); they also inmohn information need that differs
even more distinctively from general-purpose IR Séhespecific characteristics are
found also in patent document and involve chemiwahes referred to in various
ways, describing transformation of chemicals arsli@iising chemical relationships,
among other things. According to Zhu and Tait (ipithis also leads to increasing
interest in extending document-centric retrievatenoward entity-centric retrieval.

Search tasks:

Bonini et al. (2010) present and discuss a ligtaiént search tasks. These are patent
search, patent analysis, and patent monitorin@Zp. In a study by Tseng and Wu
(2008), a list of different search tactics or tagkprovided and discussed: a) to find
source information; b) to develop, select, and domiearch vocabulary items; c) to
link related information or patent search Web sith4o screen search results; and e)
to store and manage retrieved patent informatiesen@ and Wu’s a—b correspond to
Bonini et al.’s patent search task, and Tseng amtsWasks c—d correspond to the
patent analysis task. However, the monitoring @s#s not correspond to the ‘store
and manage retrieved patent information’ searck/teadic described by Tseng and
Wau (ibid., p. 34).
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Users and patent search behaviour:

More recently, studies of patent users have beeduztied. Newton (2000) presents a
study covering 277 patent information specialiststtee British Library Patent
Information Centre. This study shows that usergputh emerging Internet
technology, increasingly utilise patent databasethe Internet.

Bonini, Ciaramella, and Corno (2010) emphasisevtreety of users involved, since
more and more people have access to patent inflemmsaurces. Professional patent-
searchers prefer advanced functionality with a éigkegree of control for managing
the search parameters, while the occasional ugaeires ease of use.

Joho, Azzopardi, and Vanderbauwhede (2010) invastit differences in search
requirements among different types of patent-users) as patent analysts, inventors,
researchers, managers, and patent-searchers wihipanies with respect to IR
systems. Their study provides a more detailed y@adfi what Bonini, Ciaramella, and
Corno describe (2010, pp. 20-21) — the differertemausers performing the same
search task — but emphasises the importance aigéecontext, such as the patent
role, work task, and educational aspects. Theiclesions were that patent searching
is inherently interactive and that the charactiessof the search tasks are important
and need to be supported.

Multilingual aspects:

Classical IR research has focused more on geneaatls systems and therefore has
neglected the characteristics and uniqueness of,ekample, patent searching
(queries) and patent documents. This has recehdlgged through the availability of
test collections for dedicated evaluation purposes.

Patent IR is considered a difficult task. One @& thifficulties is the vocabulary used
in patent documents, with its highly specialisedhtecal and juridical words and
terms outside everyday language. Patent documents $everal, different sections,
such as the abstract, the description, and thenslalhese sections may be written
and added to a document over time, thus formingraptexity along a timeline.
Furthermore, parts of a document may contain selarguages.

Jochim et al. (2010) argue that query translatiomdd be seen as query expansion
since the queries are expanded with their trasiat{ibid., p. 58). Since the NTCIR-
7 workshop (Fujii et al., 2008), one of the patesttieval tasks has been the task of
patent translation via machine translation (MThteques and methods.

Functionality:

Bonini et al. (2010) suggest that there is an iasirgg need for tools and functions
that automatically facilitate patent informatiorska such as patent analysis and
patent monitoring. These are especially neededafgrowing group of occasional
users. The authors suggest improved databaseyqaatitfocusing on issues such as
more semantics-based solutions that may improvalret the search process while
keeping precision constant. Such semantic solutiestson the knowledge bases of a
domain model (e.g., an ontology, thesauri, or anaxy) and on domain-specific
data (p. 36).
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Another interesting issue within patent IR is wBatshir and Rauber (2009) call the
‘retrievability’ of every single document. They mstigate whether it is possible to
identify a document, through its characteristicsbaing of high or low retrievability.
The retrieval of documents is performed throughnidieation of content-based
features that could be used to classify a docunasnthaving higher or lower
‘retrievability’. This is important in recall-orieed domains, such as the patent
domain, since it is vital to have access to alilabbée and relevant documents.

2.7 Collaborative information search

There remains no widely accepted definition ofaadiration, sometimes also referred
to as co-operation. As Foster (2006) correctly {®iout, research related to
collaborative information seeking and retrievalais interdisciplinary phenomenon
including studies especially from areas such as ld@hputer-supported co-operative
work (CSCW), and information science. Thus defams of collaborative information
seeking are developed from the disciplines andumistances in which they have
been used. In the present study, collaboratiorpegiically related to information
retrieval, so we proceed from the following broaad goreliminary definition of
Collaborative Information Retrieval (CIR):

CIR is an information access activity related to specific

problem-solving activity that, implicitly or explity, involves

human beings interacting with (an)other human(s@atly and/or

through texts (documents, notes, figures, etcijfasmation sources

in a work-task-related information seeking and iegtl process

either in a specific workplace setting or in a mopen community.

This is indeed a rather broad definition, as oudgtand its empirical observations
show. Collaborative information retrieval meansivactand explicit retrieval of
information for dealing with a specific task. Smgrinformation, on the other hand, is
usually about sharing information already acquif&aimetime these do coincide.

While collaboration is understood as an increagimglportant feature of IS&R, there
actually is very little empirical knowledge concerning the collaborative IS&R
processes within organisations or teams. An eadynple can be found in the work
of Allen (1977), who studied the differences betwethe information seeking
behaviour of engineers and scientists. Allen poimi$ important aspects of the
information seeking behaviour that are relevant dar study: the importance of
personal contacts and discussion between enginedrthat there are gatekeepers in
organisations. Allen also studied patterns of comigation within a small research
laboratory and found a typical communication netwdBuch networks featured
central points (persons) around which communicatias centred.

Pinelli et al. (1993) discuss engineers’ informatgeeking behaviour from within a
conceptual framework. That framework assumes thatsponse to, for instance, a
task, specific types of data, information, and klenlge are needed. The engineer
then chooses from two alternatives: create infoionadr search existing information.
When an engineer decides to seek information, thegetwo types of information
channels available: informal or collegial netwof&sal interpersonal communications
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with colleagues, work with gatekeepers, and pelsooigections of information) and
formal information systems (libraries and libragannformation specialists, and
information retrieval systems).

Recent research into IS&R extends our knowledglow people access, retrieve,
and judge information. A selection from the relevasearch is reviewed below.

Karamuftuoglu (1998) discusses what he caligial informatics which seeks to
include the relationships between humans withinlRnprocess. This is a very
valuable and important aspect. Also, Fidel andeaglles (2000) describe a project
focusing on collaborative activities of membersafork team within an organisation
performing IS&R tasks.

Sonnenwald and Pierce (2000) studied informationabeur in a dynamic work

context involving command and control (C2) at thétddion level in the military. The

phenomenon that the authors highlight they cakrimbven situational awareness,
which is defined as individual, intra-group, andermgroup situational awareness.
Though the authors do not talk in detail explicilipout information search, their
findings provide valuable insight into intra- amdar-group communication aimed at
acquisition of the information needed.

Hansen and Jarvelin (2000) investigated the IS&Bcgsses carried out by patent
engineers. One of the main preliminary results his tstudy was that the patent
engineers were involved in multiple types of collediive activities.

In the work of Herzum and Pejtersen (2000), theartgnce of providing support for
people when they search for information is discdssBwo case studies were
conducted involving engineers. The authors fourad pleople searched for documents
in order to find people and searched for peopleltain documents. Furthermore,
they interacted socially to acquire informationhwitit engaging in any explicit search
activity. These findings provide further knowleddkat people do engage in
collaborative IS&R activities.

Foster (2006) and also Reddy and Spence (2008¢ @ngii collaborative information
searching is inherently embedded in everyday wosktres. Foster (2006) presents
a literature review describing current researcl icllaboration related to seeking
and retrieval tasks. The task of information segkinvolves both social and
collaborative approaches, while the informationriegtl task involves mainly
collaborative elements such as collaborative filggrand collaborative querying.
Foster concludes that research in the field of @#8ds to address the conditions that
influence development of systems handling collatdeganformation activities, such
as ‘direct and indirect collaboration during infation tasks’ (p. 352), which, in turn,
requires a multidisciplinary approach.

Reddy and Spence (2008) conducted an ethnograpidy sf a multidisciplinary

patient care team in an emergency department. dakvegas to identify information
needs within a medical team and to identify situai that trigger collaborative
information seeking activities. Seven categoriesffrmation needs were identified.
Furthermore, three triggers for CIS activities wetentified: lack of expertise, lack
of immediately accessible information, and more plax information needs.
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O’Day (1993a) described four levels of sharing infation in collaborative group
situations: a) sharing of results with other teanemers, b) self-initiated
broadcasting of interesting information, c¢) hanglliof search requests made by
others, and d) archival of potentially useful imf@tion in group repositories for
others to use. Romano et al. (1999) describe hav esperiences with IR have
informed the development of a system prototype &o€ollaborative Information
Retrieval Environment. The system prototype is catéid to supporting collaborative
information searching. Hertzum (2000) reports orwhmformation seeking is
interwoven with co-operative work and investigates role of people as information
sources during the work of a system design tasle dithor found that software
engineers were looking for practical experiencéeathan hard facts and were also
looking for commitments rather than information. fincal studies of collaboration
in IR among end users have been scarce, but incgesserest today is resulting in
contributions such as the SearchTogether systerMdayis and Horvitz (2007), a
prototype that allows distance collaboration amangroup of users during searches
for information on the Internet. The system suppdiie following activities or
functions: awareness, division of labour, and péesice — such as storing a search.
The study was performed in an everyday life sitraftravel search).

In HCI and CSCW, we find a large body of literatuvkerein attempts are made to
facilitate finding of information through social meorks (e.g., the Answer Garden
approach of Ackerman & Malone, 1990). FurthermdvieDonald and Ackerman
(1998) describe the ‘Information Lens’. They contgglca five-month field study of
how people in a medium-sized organisation findeRkpertise to construct, maintain,
and support their software systems. The study dealsly with how people share
information through expertise identification angertise selection.

Research in Computer Supported Collaborative WoRSGW) addresses
collaboration in organisations and work groups, ado systems supporting
collaboration, such as organisational memory, asgdional information handling,
and information sharing. Harper and Sellen (1996)lied the professional work
setting of the International Monetary Fund (IMF)dareport that the reuse of
documents will most often involve paper documemtpaper-like’ equivalents. Even
though the study mainly deals with sharing of infation, the findings are important.
One interesting finding reported is that sociakrattion is not as important for the
sharing ofobjectiveinformation as it is to the sharing ofterpretedinformation.
Harper and Sellen do not explicitly address theewdl of information. Traditional
human communicatiomay beasynchronousr synchronous- asynchronous by post
and through book/journal reading, synchronous tifindouman face-to-face real-time
communication andd hocsocial interactionsComputer-mediatedommunication
may also be asynchronous through e-mail, seardfitige Internet, and log viewing,
and synchronous through videoconferencing (e.gicHE& Cash, 1994; Haake et al.,
1999). Also, they may boselyor tightly coupledactivities (Tang et al., 2006n
loosely coupled activitiethe system takes advantage of recommendatiomsdtber
people through observations of their informatioekseg behaviour, such as search
paths and annotations; recommendations based ge uates; and explicitly stated
recommendationsTightly coupledactivities may in the context of IS&R include
sharing queries and strategies for their refinemant feedback and judgement
phases involving others (Haake et al., 1999).

48



2.8 Information use

A factor that is seldom discussed and not oftent pathe information seeking is
information useAs a result of an information seeking activitgrtain information is
retrieved and may be used and utilised in differeays (e.g., for reaching a task
resolution). The information collected may be usel a whole, in part, or in
combinations in order to contribute to the accosiptient of the task (Wilson, 1973).
As pointed out by Savolainen (2009), the conceptirdbrmation use is still
ambiguous and can refer to a) the use of informatioring the search process or
involving judgement about relevance of informatidar decision-making or
problem-solving or b) the use of information inemd product. Kari (2007) provides
a more general description when he talks aboubthieome of information search.
This involved both use as a process and the eftdédtse process. The former implies
that when a person is using the information, hehar also does something to or with
the information, while an effect means that theoinfation does something to the
person.

2.9 Summary

The present study has its background in the intieeénformation retrieval field,
with a user-centred view of information retrievil.this chapter, we established the
relevant background of concepts, theories, and tedakhind work on information
access in work task environments that is relatethéostudy. The platform for our
study is based on the intersection of two researgas focusing on information
access: information seeking and information rettieesearch. More precisely, the
present study is concerned with the user-orientetimteractive part of IR research.
In many of the models from the IS and IR researelasy there are very few actual
attempts to relate these models to each othettloecaetical basis.

Within information seeking, a set of concepts, sashinformation need, search
strategies, and relevance assessments have beeéicallggested, and the outcomes
have then been built into established theories, atspdand frameworks forming
extended models. This development in the theorkK®a, 1998) shows a tendency
toward incorporating work tasks and work task giares. However, one concept has
been examined to a lesser extent: that of infoonatise, which could mean either
using (consuming) information or using the seargtt@me to create something new,
such as a report in which different parts of thieieeed information may be used.
Furthermore, the concept of work tasks and itdimiao search tasks are sometimes
not clearly described. Information seeking reseatates the actor in the focus,
resulting in empirical description of people infdient domains and situations.

In traditional IR research, the user- and cognitoented have made advances,
especially since 1990. Ingwersen and Jarvelin (2005 255) list a set of
achievements within user-oriented research, amdmntresearch models and
theories such as the polyrepresentation and asgume@bout the importance of the
work task and work task situations.
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Different task levels and their characteristicséhéeen discussed, as have previous
approaches and attempts to gain knowledge wheorparfg studies in real-life work
tasks and IS&R settings. Studies in real-life sibres are considered to be more
representative of the users’ real behaviour (K&BQ9, p. 28). However, Kelly cites
as a drawback the lack of control the researcherolar the setting, which may be
problematic. Another of the achievements that ooeld cite is the Evaluation
Package for IIR proposed by Borlund (2000) thatrafited to bridge classical IR
studies and user-oriented approaches on the bastheosimulated work task.
Empirical studies in relevance are moving towardthguade relevance judgement
scales (e.g., Kekéaldinen & Jarvelin, 2002b). Howetlgere is still no general (or
standard) way of grading relevance assessment.réxs®n may be that the grades
have different meanings within different domainsiofher important issue in IIR
studies is the stage of information use. The liteeashows that studies are needed on
how the information retrieved is used — how thesogafor retrieval of information is
related to the search task.

Collaborative information access has recently ghinaterest, with studies

recognising that collaborative information searclaynmactually be part of, and

included in, traditional IR theories and modelse Tharacteristics, requirements, and
processes of collaborative searching have not yenbfully examined and

understood, and empirical studies may introducetiaddl aspects to both traditional

IR research and interactive IR research. The noti@t groups of people seek
information together will have an impact on modalsd theories of information

search.

Patent searching has, until recently, been an isalyefor the patent domain itself.

However, because of Web-based technology and appls, practical and

research-related issues and problems within thenpatomain have surfaced and
gained more attention from traditional IR, intereetlR, and information seeking

research. The patent domain may be a real-life wask environment in which

problematic issues within IR- and IIR-related areass be empirically investigated.

Experiments under the traditional IR approach nmaplve a limited set of variables,
while empirical studies performed in a real-lifeétsg involve a larger number of
variables. The primary concern of the present stadyith real-life IS&R processes
observed in real professional work tasks.
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3

THE RESEARCH SETTING AND
RESEARCH QUESTIONS

This chapter describes the overall purpose andajdlk study. We present a general
overview of the study in Section 3.2, then, in ##cB.3, the research questions and
the variables used.

3.1  The purpose of the study

The purpose of this study is to empirically invgate text-based information seeking
and retrieval related to work tasks in the pateonain. It was anticipated that,
through selection and examination of a real-wonlidrimation-intensive domain and
its work tasks, enhanced understanding of the nmétion seeking and retrieval
activities could be obtained. The main goal of stedy is to describe the overall
patent handling processes and the IS&R activities.

As explained in Section 1.3, if we consider thaRSprocesses are important aspects
of professional work tasks and, furthermore, tihaisé processes ultimately need to
be studied in a real-world situation, we need tospe necessary and appropriate
studies that address these aspects. We must ajbeetize overall patent handling
process and b) describe the IS&R processes (se¥smothin patent handling. We
also need to c) analyse the features characteoifspatent information retrieval, such
as information need, source selection and usageryqtormulation, relevance
assessments, search task outcome, and searchspstreesure, as well as d) analyse
aspects of patent IR, both individually and collawely, and finally e) develop a
methodology for analysing data of task-based palBnstudies on the basis of
multiple data collection methods and exemplifyaipplication.

The set of points mentioned above can be dividemltimo major research problems,

one empirical (points a—d) and one that is methagioal (point €). The research
problems and the detailed research questions asemted in Section 3.3.
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In order to deal with this problem, we constructomceptual framework describing,
in general terms, the task performance processhenthctors/variables involved. The
conceptual framework is both derived from a reatld/setting and based on IS&R
literature. We also have utilised real-life tasksl avork procedures performed in
real-life time frames in the development of the aeptual framework.

For the present study, we apply an exploratory @estriptive methodology, in that
the study aims at describing and classifying thenpimena. A combination of
gualitative and quantitative methods for data obibem and analysis will be used.
Chapter 4 gives a detailed description of the nulogy used.

3.2 Overview of the study

As mentioned above, the study is based on realdbiservations and literature
reviews addressing relevant aspects of IS&R. Thegosies and variables used in
this study are drawn from the observations as aglfrom the literature and form a
framework in which the relationships between vdeabmay be studied. In the
present study, we use the concepts of levels, cagsg variables, and attributes.

A patent work task has a task definition, a processl its performer as well as

associated activities such as source selectiorlevance judgement. These patent
activities are established in the literature, arel refer to them here as ‘categories’
associated with patent tasks. In each categorydstaf variables that have been
predefined and/or observed as describing the aptrébrmance within each level of

categories. The work task and the search taskstheeid associated categories and
variables as used in this study are described esgepted in Appendix A.

The structure of Figure 3.1, below, is based onresearch design, which has three
related, nested levels: work task, information segkask, and information retrieval
task. The framework in the figure is a refinemeih& @eneral structure for the patent
domain and derived from several sources. This egfent was based on analysis of
the patent literature as well as on the interviexth the two senior patent experts and
the pilot study. Figure 3.1 depicts a frameworkddjor levels and categorieswith
variablesconsidered as relevant to our study of patent wask processes and IS&R
manifestations. A final, detailed list of all varlas in the categories (too many for
this figure) can be found in Appendix A. Each leeacompasses a set of categories
of variables identified as belonging to that speciével. In turn, each category
includes a set of variables that describe ideutifietivities. Finally, each variable has
two or more attributes that describe its variation.some cases, we do not have
categories, only a variable describing an activity.

At the top right in Figure 3.1 are three descriptivategories: the patent task
performer, the patent application, and the pateotkwtask. These categories

correspond to the categories of variables la—chenldft side and consider a) the

patent task (such as task type, task planning,taskl constraint) and b) the task

performer, with variables such as different knowledypes and completion time,

related to the patent work task and patent work pascess. Each of these has one or
more attributes.
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Figure 3.1 Study set-up and application of variables

Further down on the right side we have search taskl as the information seeking
task and the information retrieval task. These Ivw@ set of interrelated categories
central to the information seeking and retrievagesses, such as information need,
source, and relevance judgement. These processle®endescribed through the
categories of variables 2—6, including the categdmgollaboration (7), on the left.

Finally, each of these categories has a group mdibias, attached to which is a set of
research questions. The details for each researstign can be found in Section 3.3.
3.3 Research questions

The study sets out to cover two main problemsfiteeresearch problem is empirical
and the second methodological.

Problem 1 — empirical issues:

The first problem involves describing the overatent handling process and, more
specifically, IS&R session activities. We will instggate the relationships between
work tasks and the IS&R task performance process.iain research question is

What are the effects of work task features onrfemation seeking and
retrieval process in the patent domain?
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This main research question is divided into a $ewen sub-questions (see below).
Each of these seven questions corresponds to dispeeel of the work-task-based
IS&R process and to a specific category of varsljfgppendix A contains a full list
of the variables used in the study) referring tgamant issues in the study. Even
though thetask performetis not the focus of our study, there are elemaets that
affect the study: the task knowledge of the patsrgineer, subject area experience
and IR knowledge, and collaboration.

The work task level

Category: Work task

Research question 1:

What are the effects of the work task features (&, and IRT) on the work task?

This problem will be studied via the variables y)et of patent applicant, b) type of
patent task, c) task structuring, d) problem foittioh clarity, e) user knowledge of
task topic, f) perceived task difficulty, g) tasknstraints, and h) completion time.
Data for these variables were collected througterurtws, electronic diaries,
observations, and post-task interviews.

The IS&R task level

Category 2: The information need

Research question 2:

What are the effects of work task features (WT, &@d IRT) on the decomposition
and formulation of the information need?

This problem will be studied via the following valies: perceived information need
(2a), information need structuring (2b), informatimeed change (2c) and deconstruction
(2d), expressed information need and representdtiereof (2e—2f), and information
need (for information need formulation and taslohgson) (2g—2h). Data for these
variables were collected by means of search Idgstrenic diaries, and observations.

Category: Source

Research question 3:

What are the effects of work task features (WT, &d IRT) on the types of sources
and source content utilised?

This problem will be studied through the lens dof tfariables of number of sources
(3a), source type (3b), and type of content (3cataDfor these variables were
collected through search logs, electronic diaaesl, observations.

Category: Query formulation
Research question 4:
What are the effects of work task features on gtengulation?

For this research question, we will investigateftilwing issues: number of unique
query terms (4a), types of query elements (4b)psyms (4c), and number of terms
in the query used in a query string (4d). Also adexed are the numbers of
combinations of query elements used in a query é&) the number of unique
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classification codes used per task (4f). Data fmsé variables were collected via
search logs, electronic diaries, and observations.

Category: Relevance judgement

Research question 5:

What are the effects of work task features (WT, &8d@ IRT) on relevance judgement
performance?

This problem will be studied through the followingriables: relevance judgement
application in the task performance process (TR&)es (5a); application of RJ (as
sequenced and/or aggregated) (5b); type of docuslentents judged for relevance
(5¢); and, finally, relevance judgement degreeypes of patent tasks (5d). Data for
these variables were collected from search logstewronic diaries.

Category: Information use

Research question 6:

What are the effects of work task features (WT, #8d@ IRT) on information use for
completion of the task?

This problem will be studied via the following valbies: the type of information used
(6a), the types of information elements/componensed, and for what the
information retrieved is used (6b). Data for thesgiables were collected through
electronic diaries and observations.

Category: Collaborative activities

Research question 7:

How are collaborative information retrieval actigs manifested within and in the
course of the IS&R task performance process?

The phenomena of collaborative information seekamgl retrieval are studied in
detail through observations of each task perforraastage. Data for these variables
were collected through search logs, electronideBaand observations.

Problem 2 — methodology:

The second research problem, as described in GhHbpgtesolves the development of
a methodology for analysing the data of task-basatént information retrieval
studies on the basis of multiple data collectionthods and exemplifying its
application. Since we intend to investigate reatkatasks and their characteristics, as
well as features of real IS&R tasks, the data ctib@ needs to be performed in a
real-world setting. This, in turn, leads to utitisa of data collection methods that
can capture these features.

This problem is addressed through capture of agy/raad varied data as possible that
reflect the patent handling process. Qualitativé guantitative methods are utilised.
In short, we a) apply methods that combine qualgadand quantitative methods, such
as interviews (theme-based and expert-focusedjcipatory observations, electronic
diaries, and database search logs, and b) proppgeatanalysing data systematically.

How the data were collected for each of the vaesloélated to the research questions
described above will be reported and describedhiapter 4, especially in sections 4.4
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and 4.5. Chapter 4 also includes a descriptioroof the data were analysed (Section
4.6). Sections 4.1-4.3 contain discussion of udiath qualitative and quantitative
data collection methods (Section 4.1) as well gsoaess-related approach (Section
4.2) and provide a general outline of the dataectitbn process (Section 4.3).

58



A

DATA COLLECTION AND ANALYSIS
METHODS

The decision on how to collect data on-site ina veorkplace has some implications
for our selection of both data collection techngjaed analysis methods. Our study is
guided by two methodological approaches. One appréacuses on the collection
and analysis of a combination of qualitative andrgitative data (see Section 4.1),
and the other approach applied is a process-bame(kee Section 4.2).

A field study is performed in a natural setting axggrofessional workers or people
in everyday situations. Field studies often invothe researcher being part of an
organisation’s social and cultural settings suchwask procedures in order to
understand the specific domain under investigation.a field study, one may
investigate individuals’ behaviour, the behaviour groups, and that of larger
populations in communities. One way to collect datéo observe what people do.
One can make direct observations of the organisattwrough, for example,
participatory observations in order to collect degkated to procedures or people’s
behaviours. Secondly, it is possible to analysenhterial the specific organisation is
working with and that may involve having at oneispibsal databases, notes, reports,
etc. Thirdly, one may use interviews, focus groupspther means to collect data
from the members of the organisation.

We use several data collection methods in ordgato a fuller view of the problem
at hand. Section 4.3 presents and describes thediéction process and the specific
methods used in the study. In that section, werttiesa more detail our integrative
approach to collection oflata from a user-oriented point of view via quéli&
methods (interviews, electronic diaries, and a gioiesaire) and quantitative methods
(system transaction logs). In Section 4.4, thear$eprocess and levels are outlined,
including a general framework. Then, we descrilgedata collection process and the
specific methods used in the study, also desciilyelansen and Jarvelin (2000), as
well as the types of data collected (see Secti®&). 40 Section 4.6, the analysis
process and procedures are described.
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4.1  Qualitative and quantitative methods

The main approaches to data collection are catleadtf qualitative and quantitative
data. The two are usuallyot mixed together; rather, they have their own tradl
foundations and procedures. Our study required cwedbcollection and analysis of
qualitative and quantitative data (e.g., KuhlthB@91; Brannen et al., 1992; Strauss &
Corbin, 1998; Seale, 1999), to allow descriptiontltd real-life patent information
handling process. It is said that a researchegusiguantitative approach is looking
through a narrow lens at a very specific set ofaldes while a researcher examining
qualitative aspects has a much broader perspekbtigealitative data collection settings,
the researchers themselves usually collect the(daia when observations are used).

The distinction between qualitative and quanti&tlata collection methods seems to
lie in the production of knowledge and the desifjithe research process (Brannen,
1992, p. 3). However, there is the possibility ofbining research methods. Brannen
(ibid.) describes several ways to use a combinaifamethods: a) multiple methods
(triangulation between methods or within methodg) multiple investigators (in a
team or other group), multiple datasets (applicatb the same method at different
times or of multiple methods at the same time), d@nichultiple theories.

Methods ofdata analysismay also be integrated. The reason for combinevgsl
methods of analysis in our work was to capturepttoeess of patent information task
phenomena from as many viewpoints as possible: arged to collect a diverse, and
as rich as possible, body of data so as to alldensive analysis of the data, for us to
be able to discover and unfold unforeseen behawo@vents. This diverse body of
data will provide us with a more thorough view béttask performance process as
well as the IS&R process to be analysed. Usingitethods as complements to each
other can lead to plausible conclusions about métion seeking and retrieval in
work tasks and processes.

Data analysis using quantitative data may supfargxample, revealing and locating
specific instances in the qualitative data thaedifDuring data analysis, quantitative
data can help highlight, for example, patterns lisevvations. Qualitative data can
support a quantitative approach with conceptuatligment and make data collection
easier. In the analysis phase, qualitative datassapport validation and interpretation.

Creswell (1998) points out that among the charmties of qualitative research is
that the research builds a complex picture andttieastudy is conducted innatural
setting Denzin and Lincoln (1994) define qualitative @& as involving several
methods that take an interpretative approach tosthgect. That means to study
things in their natural settings. This involvesaigty of empirical methods, such as
interview, observations, description of encounteesnveen people and information,
and description of routine and problematic momentgpeople’s work tasks. One
possible path to follow when studying the connettetween work tasks and search
processes in a natural setting would then be tdyappongitudinal research design.
By this, we mean a study performed over a longan s time, observing a task from
a starting point to the end. Longitudittabtudies are becoming more popular and

!5 ongitudinal studies are studies wherein, for eptenan actor/subject is followed for a longer time.
How long the unit in this ‘longer time’ may be deps on the process. It may be one week or a year.
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have been applied by Vakkari (1999, 2000a), Kuhitl{#991), and Hansen and
Jarvelin (2000, 2004, 2005). These studies mayilpkenomena that are otherwise
not observable. However, work tasks in differenimdms may be designed in
different ways and the time frame for a task tofinalised may differ, making it
therefore problematic to follom situ.

In a qualitative study, the coding of the obsensaiis a central activity and a tool for
systematically uncovering patterns and categoltiés.important to stress that coding
of data is a flexible way to analyse said data. Gbeing of data may be either open
or selective. One specific problem is related ® phoblem of counting: How do we
deal with evidence without counting? In qualitatarsalysis, categorisation or coding
cannot be a mechanical process (Dey, 1999, p. D&).suggests that we talk about
categorisation instead of coding since it is theceptual aspect of the analysis that is
important. According to Dey, when categorising, mezd to reflect on how we use
the categories. We may create or assign categtines,continue with exploration of
the connections between the categories, and candlydocusing on a core set of
categories either as a selection of categorierough application of an integrative
view of the categories (ibid., pp. 146-147).

For this thesis, we apply a procedure cabpeén codinginvolving categories being
initially assigned (by grouping of data) in view thfe phenomenon being studied.
(Strauss & Corbin, 1998, p. 223; Creswell, 199&7).

4.1.1 Concerns

Since we are collecting a set of different but clamentary data for analysis,
triangulation (Seale, 1999) may be used for data collection.oAting to Seale,
‘triangulation involves using diverse sources ofagd&o that one seeks out instances
of a phenomenon in several different settings,iféérént points in time or space’ (p.
54). The problem with just one observer is thatahmight be a bias problem, but this
can be reduced through collection of different sypédata for the same phenomena —
e.g., via mixing of data collection methods suclmésrviews and observations.

One advantage of using triangulation and combimliffigrent types of data can be
that one type of data can validate the other tygfedata collected — for example,
observation and log data. Criticism of the user@ngulation in general tends to
focus on the validity and reliability of these camdtions, even though they are used
on the same setting (ibid., pp. 56—61). However ntiain focus, crucial for this study,
is obtaining as rich data as possible,understandingf the process and phenomena.

Another important issue in analysis of the dat#éhes question ofjeneralisation In

research based on a quantitative approach, one cifi@oses representative samples
and gains a sense of the probabilities in ordezstimate the chances of an event
occurring in the population. In these cases, thgpgacontains a large number of cases.

In contrast, the qualitative approach usually €tssda small sample of cases
individually and in depth. The underlying phenomémabur study (with a random

sample) could not be regarded as representativagube of self-selection by the
patent engineers. It is also problematic to ardpae the tasks monitored in our study
would be distributed evenly across the underlyingrall set of work tasks.
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However, the 10 patent engineers (out of aboutPI$) involved in our study at that
time individually decided (voluntarily) to parti@ge. They were not selected or
filtered in any way by SPRO. In addition, the tagikgy performed were not in any
way different from their daily routines. When tharticipation was settled, the actual
timeframe for the data collection was establishgdSPRO. Of course, the time of
year and the specific topic area the PEs focuseahight result in a certain focus in
the patent applications handled. That is, the @peting PEs randomly accepted the
invitation but did not represent all possible topreas within SPRO. One thing that
was checked was whether the study’s timeframe winitfere with critical duties.
From the beginning of the study timeframe, dataevoailected from the first 54 work
tasks. One issue that arose was that in some casBg did not handle patent
applications within his or her main area of focus.

The issue ofeplicability or reliability is another important factor thatfrequently
discussed. One can distinguish between internakatetnal reliability (Seale, 1999,
pp. 140-157). Internal reliability concerns to wiilgigree another researcher when
applying the same approach would match the coristafdhe original researcher. In
order to make data analysis more reliable, a reseamight, for example, make the
data recordings as concrete as possible — thajatber data as they occur in an
observation, for example, and not reconstruct teme later on. Another way would
be to make the participants themselves providel#i@ in written form. Furthermore,
recording the data in a mechanical way, such asawiaelectronic diary (see
subsections 4.5.6 and 4.5.7), would provide anotlagrof enhancing reliability.

External reliability involves the issue of replicat, of the whole study. Would a
person studying the same setting arrive at the slamdengs and draw the same
conclusions? Some problems of external reliabilign be overcome through
extensive and detailed description of the situatind the specific cases. Further, the
theories, methodologies, and coding procedures stseald be described as carefully
as possible. However, external reliability (agagplicability of the whole study) is
still very difficult to achieve with complex and igae situation and setting components.
One solution to this problem is to offer a deseniptof the study, the setting, and the
methods used. As Seale (ibid.) argues, the usewwsiriference descriptors in field
notes and transcription, as well as systematicngpdvould enhance reliability.

Finally, there is another aspect of reliabilitgliability of codingof the data. Coding
can be viewed as a sort of indexing device via Witiee researcher slowly moves
toward something more stable and concrete (ibitlg.apply a procedure (see Section
4.6) that uses a set of stages involving data gaatil re-coding for checking reliability.

4.2  The process-based approach

A process-baséd approach is applied in order to capture the datded for our
research. This kind of approach is used when omeéstigating phenomena over time.
Usually, there is a pre-conceptualisation of tHféeknt stages or process taken under
observation. In our case, we needed to use toolddta collection and analysis that

16 A process may be defined as ‘the linking of actiotieractional sequences, as they evolve over
time’ (Strauss & Corbin, 1990, p. 157).
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monitor the work process as a sequence of stagkaaions. In our study, we have
defined the beginning and the end of such a proassthe task of handling and
resolving a specific patent application. This pescencludes information seeking and
retrieval processes. The beginning is then defasedhen the patent engineer has been
assigned to a specific patent application andsstaraddress the content. This might,
for example, be by reading the application or andesome references in order to start
the patent handling process. The end of such agsas defined as the moment when
the patent engineer decides that all relevantimébion has been collected for making a
decision on the problem at hand. This could, f@anegle, involve writing a report to be
sent to the applicant or registration of the agpion in the patent database.

Process-based approaches have been utilised byextomple, Kuhlthau (1991),
Bystrom (1999), and Vakkari (2001a, 2001b). Kuhlt{a991) focused on different
stages of the information search process (ISP)hitlwthe information seeking is
viewed as a process of sense-making. The informatgarch is seen as a process that
involves thoughts, feelings, and actions. Kuhlth@#id.) investigated how this
process developed. For monitoring of this procéat were collected longitudinally.

Vakkari (2001a) also used a process-based appneben examining the relation
between students’ problem stages in the courseaithgvtheir research proposals for
a master’s thesis. The issues investigated werentbamation sought by the student
and the relevance assessments of the informatiendfdor this task. Also, in this
case, a longitudinal study was performed. Vakktaies that the task performance
process generates information searching that issthging point of information
seeking. To analyse successive searches made twdensduring the process of
preparing for a master’'s thesis, the period of nlad®n was four months. Also
Bystrom (1999) applied a process-based approactenwdtudying information
seeking in public administration offices in Finlafioid., p. 62).

In general, a process-based approach has the powepack complex work practices
and activities that may be hidden within formalqadures and that might shed some
light on why and how things are being done.

The following sections present and describe tha dallection process and the specific
methods used in the study (4.3), then the hightlegearch process stages (4.4).

4.3 Data collection: An outline

Our study set-up is based on the following reasons:

- The work task situationWe wanted to implement the study in a real work
situation with workers performing actual work taskat include search tasks, in
order to be able to tell what actually took planean operational workplace
setting. A small (but growing) number of studiesus on people performing
real-world work tasks involving real information eds. In this study, the
emphasis is on the patent domain.

- Information seeking and retrieval process@# wished to identify and describe
the task performance process of patent engineeradmytoring and observing
information handling activities on-site. Only a festudies in aeal-world online
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IR setting have sought to investigate and analiseyistems from a task-based
and information searching perspective, such asofivaal information needs.

- Information systemsThe study set out to involve operational and iplgdtIR
systems and other information access systems. dteatpdomain makes use of a
large set of databases and other types of sources.

- Combining methods for data collection and analysi§e collected both
qualitative (interviews, electronic diaries, andetvations) and quantitative (log
statistics) data from users performing informaseeking and retrieval tasks.

The project involved co-operation among the Swefliatent and Registration Office,

the University of Tampere, and the Swedish Ingtitot Computer Science (SICS).
We wanted to perform the study in a setting thatRsntensive — i.e., one that

featured a relatively large number of informati@trieval activities. We found that

the patent engineers at SPRO performed informatémking and retrieval activities

almost daily. Another factor that attracted us ted they were using several types of
information sources. Furthermore, since we wantedtudy the task process of
handling patent applications, the frequency of tRviies was important. The study

was designed to collect data in a real-life workiagion that involves IR-intensive

activities. The study is intended to be both opmuh lzolistic in its approach.

In all, 10 professional patent engineers at SPR@icpzted in the study. The
informants were selected by SPRO, with the seleajigsided by two general criteria:
coverage of a range of fields of technology ancesdwears of work experience at
SPRO. Since we were interested in the task perfocenarocess and, especially, the
relationship of work tasks and the information segkand retrieval processes, we
needed to monitor the work task processes.

The data were collected over six weeks (May to Jatee 2000). One major problem
with the handling of the patent applications wdatesl to time. The processing of a
normal patent application, from its arrival at regent office to when the application
is approved as a patent (or partially approvedobrapproved) spans 1-2 years, yet it
was not feasible within the confines of our studymonitor the handling of patent
applications for such a long time. In these onewvio years, depending on patent task
type, there are certain periods of intense activithese times when the patent
engineer or applicant handles the patent applicafior example, in response to a
request from the patent engineer) are sometiméswetl by long pauses while one
waits for replies. Especially when the intense vagtiinvolved processing of the
application by the patent engineer, these perioee wonsidered well-defined and
natural subtasks to be observed. These subtasks ‘hedime’ of approximately 1-6
days; therefore, we decided that they would beablétwork units for observation.

The preliminary goal was to collect descriptiorapproximately 50 patent application
tasks by using electronic diaries and to obsereeirat 10—15 subtasks physically.
These tasks were monitored and observed as fullyoasible. Our initial idea was
that if we could focus on the 1-6-day excerptsSER processes for observing and
collecting data, including interviews covering pdtactivities preceding the observed
excerpts, the excerpts could form the basis foater process description. Prior to
the main phase of the study, a pilot study was eotedl in order to validate our
methods. One of the outcomes of the pilot test th@smaking of some changes
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regarding the diary approach and construction kfyavord scheme for use later in the
observation.

4.4  The research process and levels

Figure 4.1, below, gives an overview of the seakmethods utilised in this study.
They were used to capture as thorough data asbbmssn parallel with the data
collection stages, the process of analysing sdia idashown along a timeline, which
is divided into six weeks, representing the maingakin which the study took place.

At a more detailed level, Figure 4.1 depicts thegers: the first highlights the two
types of users participating in the study, and skeond addresses, in detail, the
components of the data collection methods usednfiithods are described in depth
in Section 4.5). Finally, we show the phases (&)taherein the data were analysed.
Between the data collection and data analysis peass we have added a timeline to
connect these two processes and offer a senseenf thib various activities occurred.

Users Senior patel expert: Patent enginee
I I I
v v
a.Lo
Dat : p I 1 : 1
ata T .
collection R ' E iz?esrtvgg\ka
process LI == (R T = 5 —> b. Diarie
and £ e) |
methods g T E ¢ ¢
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(see V s [ c. Observatior
Section $
4.5)
Timeline Week 1 Week |2 Weeks 36 >
\4 \4 \4 \4 \4 \4
I N
: ]
-
Data
analysis
process St phase 2nd phase -3t phases  5th phase
(see Sectiol
4.6)

Legend: Ml = Data collection B = Data analysis

Figure 4.1 The data collection process and overview of tedysis methodology

In the first layer, senior patent experts and pgaeagineers were used. In the data
collection layer, we performed an enquiry with sempiatent experts during the first week,
and, through data analysis, we acquired concepiskaowledge of patent handling
procedures. In the second week, we performed a& gllmly with the expert users,
followed by a session of interviews with the patemgineers who would be involved in
the main study. The goal with the pilot study wastdst the protocol and with the
interviews was to gather further aspects for camaitbn in the main study. At the start
of the second data analysis phase, we designdah#hgrotocol that would be used in
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the main data collection process. The main datieatmn process was completed in
weeks 3 to 6, closing with a post-task interviewhveill patent engineers. In parallel but
with a slight delay, the third and fourth phasesdafa analysis were initiated and
continued while, at the same time, data were deliecontinuously. This was because
the diaries were sent back to the researcher aisasoa task was completed. Finally, the
analysis of data in phases 3 and 4 actually cosdinafter the interviews were
performed.

Each specific component in Figure 4.1 will be fertdescribed in Section 4.5, below.
The methods used created a large and varied sktt@f The data analysis process is
further described in Section 4.6.

4.5 Data collection and datasets

The following section is concerned with the mettédssed for collecting data and
the types of datasets handled in our study to aftemitoring of work task processes.
Our original, fundamental research idea was to ghgate a real-life
information-intensive domain. This basic point @pdrture ruled out some methods
of investigation from the start.

With respect to the issue of gathering data fromeadistic situation, we needed to
include real tasks performed by real users. Fikst,could create an experimental
environment (fixed to a set point in time) to bemtored in which real work tasks
could be performed by a large set of either prad@sd or non-professional patent
workers. Secondly, we could simulate (Borlund, 200@ work tasks and show them
to professional patent engineers. The first scenarovides the possibility of
gathering a large group of subjects and thus allmilecting as many critical data as
possible in order for us to draw significant comsatms. However, it would be
difficult to create and capture real-life work tadkr this kind of set-up, as it would
be almost impossible to get an intellectual prgpdamain such as the patent domain
to hand over these real-world work tasks. As f@& slecond alternative, it would be
possible to create a set of simulated patent waskst that a group of people could
perform. One problematic issue here is the timeetspA patent task usually takes
about 18 months to complete, and search sessiopbenscattered over several days
or even weeks. It would be difficult to anticipa&eactly what the next sessions would
look like, since a search session is dependeri@preceding search sessions.

In the end, we decided that neither simulated patearch tasks nor gathering a large
group of (professional) participants would satistyr initial research goal. For this
reason, we decided to perform the study in a reaflepsional setting at the actual
place where the work tasks were performed. Thislavgive us a realistic context of
real work tasks. However, applying a study in d-vearld environment and using the
methods described does imply some problems. Oné s$sgue involves the
‘information need’ (Kelly, 2009, pp. 81-82). It issually difficult to capture the
original and ‘true’ information need. One such idiffty lies in ensuring that the

7 On account of privacy issues, the researcher w#edato give preference to not using video
recordings during the interviews and observatidifsere was concrete discussion of this, and the
researcher decided to follow the advice of SPRO smdespect the integrity of the patent engineers
and the applicants.
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needs are appropriate to what is being studiednabaver-engineered. Among the
other difficult aspects are the level and sub-leva which the information need
should be broken down. When using real-life infaiiora needs, we may ask
specifically how these needs emerge and how theyraken down, as well as how
they are transformed into queries.

Below, we describe in detail the different methad®ed in our study, including
discussion of the reason for application of eacthou:

4.5.1 Enquiry — senior patent experts

Since the researcher was new to the domain, weletkd¢o undertake a pilot expert
enquiry in order to gain better understanding ef domain, the setting, and people
working in that domain. It was also important tonayronise with the responsible
persons with respect to SPRO issues such as teditmis, the number of available
people, and the researcher’s intentions and demi@ndsarrying out the study. We
used a method wherein we asked two senior patgu@resxto describe the work of
patent engineers. Both experts had extensive doraath subject experience in
working within SPRO (20-25 years). They also hagegy high level of knowledge
about the information seeking and retrieval issudse data were collected by us
asking the experts to describe the patent domairnttaa characteristics of the patent
document, the formal patent handling process, miffetypes of resources, and the
people involved in the handling process. The eyquas performed very informally.
During the discussion, a schematic descriptionhefgrocess was proposed and the
experts were given an opportunity to react to lite Teason for this close co-operation
regarding the study was to adapt the study to ¢laklife context at SPRO. At this
stage, we collected written notes for our analysis.

From our point of view, it was necessary to applyeaquiry with domain experts.
This was to ensure that the concepts, terminolagy, general work processes were
correctly understood before performance of thea&tudy. It was also necessary to
get a preview of the work situations of the potnparticipants in the study, in order
to know more fully the specific circumstances unadich they were working. This
was done to plan better for monitoring their warlailater stage of the study.

4.5.2 Pilot — verifying and testing the study’sidas

After the meeting with the senior patent experts, designed a framework for how
the study could be performed. This overall framdwaas presented to SPRO and
then tested with two expert patent engineers whaldvaot participate in the main
study. The pilot was concerned with verifying the

- Overall procedure applied,

- Methods of data collection embedded in the study,

- Time required for the individual parts of thealabllection, and

- Outcomes of the data collection methods applied.
Conducting a pilot study made it possible to idgngproblems with our data
collection instruments and whether the tutorial wdsrmative enough (Kelly, 2009),
SO it was necessary to include it in our platforirm@thods. The pilot also made it
possible for the two test persons to identify peotd and to assess the test framework
as a whole and as constituent parts, and thusatalitte approach. The two persons
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taking part in the pilot were asked to give comreeom the viability of the data
collection. With a small number of changes, theioal set-up was accepted for the
main study.

Without the pilot, we might have encountered sdvprablematic situations during
the data collection, which, in turn, would haveutesd in delays and inaccuracy in
the data collected, among other things. Via thet pileveral things were accomplished:
the procedure were validated, the pilot showedrésponsible person at SPRO that
the study featured the proper elements relevarthteodomain, and we minimised the
likelihood of having to repeat certain stages efdhata collection procedures.

4.5.3 Group introduction and tutorial — patent eegrs

Before we started the main study, it was importamd necessary to introduce the
participants (patent engineers) to the project thieddata collection methods and to
inform them more fully about these. The tutorialswgiven as a group introduction
serving two purposes: providing an opportunity &rthe researcher to present the
study and its goals and b) the participants totiflethe others involved in the study.
At the end of the session, one of the patent eegsndecided to withdraw from the
study because of integrity issues.

While this stage of the study did not involve detdlection, it was important
for another reason. We could have decided notdludge it, but, as noted, during the
tutorial, one participant decided not to join thiady. This shows that the tutorial
served a purpose: it saved us the inconvenienbawhg to reschedule or find a new
participant in the middle of the study.

45.4 Interviews

We decided to perform two sets of interviews, tinst fone prior to the main data
collection phase and involving all subjects papting in the study and the second as
a post-interview, done after the main data collecphase when deemed necessary.

The pre-task interview was performed as a semcstred interview (c.f. Appendix
B) based on the categories described in Chapt#rsgt of questions was designed to
collect data about demographics, experience andavlkdge levels, and contextual
factors and also descriptions of how the partidiparsually search for information,
what sources they use, how they use informatian,Téte interview was performed in
an informal non-hierarchical way. The predefineeésjions served as ‘bookmarks’
upon which the interview was based. The data delteduring the interview took the
form of written notes and tape recordings.

A follow-up post-task interview session was heldthwnore open-ended questions,
since it was seen as necessary to clarify and expanspecific issues. The data
collection comprised adding notes to the previaita dollected.

The interviews were performed in order to get widlial statistics (pre-interview)

and allow gaining feedback on anomalies seen inthan data collection process.
The pre-interview could have been done in writtermf (on paper or electronically)

in connection with the tutorial, with the post-taskerview left out. However, since

the electronic diaries (see below) and the seaoth flles did generate some
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inconsistencies and incompleteness, we needed ttdegdback through the later
interviews.

4.5.5 Participatory observation

In parallel, continuous on-site and real-time obaton were made of patent

engineers in their work with patent applicationkisTmethod involved a researcher
sitting beside the participant, observing as hehw performed the work and search
task. The goal was to observe the whole task pedoce as well as focus on
particular actions and behaviours. The researcbed a protocol including a list of

key guestions to be asked when appropriate (seemgpp C). This protocol also

structured the observations. Awareness of unexg@esiteations and activities was
emphasised. Whenever a subject made a move relforathte study, the researcher
stepped into the scene and asked about that ‘ahifdisk performance. The subjects
were encouraged to ‘think aloud’. This means tlatparallel to the participants

keeping ‘diaries’, the researcher moved about,nrfedthnographic’ way, at SPRO

every day, observing people performing their tadksitten notes were collected

during the observations.

There has been some criticism of ‘think aloud’ agghes (Kelly, 2009). However,
one can ask participants to ‘think aloud’ in way$edent from actually talking about
everything that is being done. This might involustj making comments now and
then. Furthermore, we used a method that involg&thg questions when we thought
there was a need for them. The questions thereésmonded to a specific action or
event and we thus avoided one of the drawbacks igeihted out (ibid., pp. 87-88),
that of distracting and exhausting the particip@tiservation is a very intensive data
collection method. On the contrary, the participatobservation often resulted in a
bit of discussion and clarification, though theraswhe possible downside of being
time-consuming (when asked, the participants indatahat they did not find the
discussions time-critical).

45.6 Electronic diaries

Diaries can capture factual data without the ieterice of an observer. In this study,
an electronic diarywas constructed (c.f. Appendix D), containing acfesuggested
stages/steps in a proposed task process (e.ge, Were questions about the starting
phase and the ending phase). These stages/steprmesented as suggestions, and
the goal was to collect data about the construcpenformance, and ending of each
subtask. Also included were a set of reminding kays for the participant to check
when taking the notes. The diary contained an erfiglty for logging information on
online sessions too. The participant was providet & Web-based template with a
form for completion. This could be submitted thrbwggmail or by upload via a Web
page placed at participants’ disposal. The dataewallected over two months.
Participants were asked to send the diaries bathketinvestigator at the end of each
working day. This ensured that the investigatorld¢aunake a quick check of the
content, and if there were any problems or pedtigar the investigator could
immediately go back to the PE and ask for clariiisa or complementary
information. The diary was handled electronicaliach participant received a blank
diary sheet. The participants were asked to copyotiginal sheet as many times as
necessary during the data collection period. Eactigpant was given an ID key for
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use in combination with the date to mark up eaehnydiThese diaries were then sent
back to the investigator. The investigator couldnitay the archive for incoming
diaries.

The data collected consisted of written statemant$ descriptions of processes as
well as search logs that the individual particigacreated on the interaction with the
various information systems during the task pertomoe process. On the downside of
using diaries was uncertainty about the level dickion to filling in everything
requested. This may, however, have been limiteautiir careful design of the diary
forms. Another possible constraint was that thed@iermined sections might not
cover all possible activities the patent engineentthrough.

4.5.7 Construction of an electronic diary

The construction of the electronic diary allowee tubject to insert both set data
items and more descriptive content. The diary’sgieasically followed two steps:
1. Our expectation of how the information handlipr@cess would proceed in
the patent domain. The framework describing theeetqul process is outlined
in Chapter 2 (see Figure 2.1).
2. The outcome of the
a. expert interview, with some domain-specific aes) and
b. piloting, with further minor additions and enlsaments.

The diary was designed so as to reflect the exa@tuti a patent handling task from

the moment the patent engineer starts working thighactual patent application. The
diary was also designed with its various sectiam$ @mponents corresponding to a
real case of a patent work task. Furthermore, tjitout the form, in all section and

subsections, were fields asking for answers coomdipg to our research questions.

Each diary was divided into two parts: section Al aection B (see Appendix E).
Section A required the date, the participant’s namdimestamp, the ID of the
relevant patent application, the official task gatg, and the current stage in the
patent handling process. Section B contained fiNessctions, and the patent engineer
was asked to fill in information describing the Wwgerformed for each day and task.

Such a diary should be as open as possible smtiat types of information can be
inserted too, which might yield unexpected, newgints into the patent handling
process. Furthermore, to support the participanfsling out the forms in an ordered
and focused way, we designed the diary so as timeagetailed information for the
five above-mentioned subsections:
a) One onnitiation, which asked for information on the history of theecific
patent application and how the PA was prepared
b) One onconstructionof the task, including the formulation of the plexh and
the information needed
c) One on the planning of the tasks, with informaton the overall task and task
strategy planned, as well as planning of the infirom seeking strategy
d) A task performance subsection, divided into paots — Part 1 was concerned
with the information seeking stage and asked fdormation on types of
information sources and on types of informatiotevance assessments, and
the information need, while Part 2 dealt with théormation retrieval stage
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and included requests for information on sourcgped of information,
queries, and how relevance judgements were made

e) Finally, a subsection on completion, concernéti wow the task was ended
and how relevance judgements were made in relatitime final report

Also, the kind of information used for completiohtioe task was of interest. For each
of the subsections, the participants were askedrite in a generous and fluent
manner.

4.5.8 Logging of data

In connection with the diaries, we asked the subjex share the log files from their
searches if possible. In most cases, they agredd o and copied all of the search
information into the daily diaries. The log datdlected were from the participant’s
local machine and covered all interactions with slgstem, in ‘client-side’ logging.
This method of collecting interactive search atig provides a comprehensive log
allowing the possibility of annotating each actidine diary included fields for the
logging informatior®. For some of the databases, it was not possibéxtract this
information. In most cases, we could acquire ada#rch history for the specific task
at hand. The log statistics came from several comialeand in-house databases.
Some of them came through patent databases ariobdataosts (Dialdg STN® —
Chemical Abstract, EPODOC, PAJ and INSPE®) and others from patent
classification and index systems (such as EELRCT*, IPC?®, PAJ, and US patent
class definition®). A source of ambiguity with logging data submittéarough the
diaries was that it was problematic to collectwi®le set of interactions. Sometimes
this was due to difficulty of extracting it from @ sources, and the participants
sometimes forgot to copy parts of the search setdétided to use log files in order
to be able to complement the data collected thrabhghelectronic diaries. The log
files made it possible to describe a participaations and interactions from both a
qualitative (electronic diary) and a quantitatiergpective.

4.5.9 Summary of the types of data collected

For the main data collection process, we decidedst three distinct methods. To
collect data for all work tasks, we used electraharies and also collected log files.
In addition, we decided to follow 10 of these ta#k®ugh participatory observation.
The log files gave us quantitative data but alsalitative data, in the form of

annotations and explanation of certain searcheenidte electronic diaries resulted
in both quantitative and qualitative data, and tieservations collected mostly
qualitative data. Most importantly, these threehods resulted in a combination of
gualitative and quantitative data for interactimBbormation retrieval processes.

'8 Log information was handled in such a way thaidtnot reveal any unauthorised information.

19 http://www.dialog.com/

20 http://www.stn-international.de/

2 http://www.jpo.go.jp/

22 http://www.theiet.org/publishing/inspec/

2 http://test.espacenet.com/ep/en/helpv3/ecla.html
24 http://www.wipo.int/pct/en/texts/articles/atoc.htm
% http://www.wipo.int/classifications/ipc/en/

%6 http://www.uspto.gov/go/classificatian/
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There is often a trade-off between having a lamga small number of participants, if
you want to reach a certain level of depth andgimsiof single elements or the
behaviour of participants. We wanted to reach dieisth and therefore we decided to
monitor a set of work tasks for each single pgvtaot.

One weakness with our strategy may be that we alidlnserve enough tasks for each
individual participant for us to be able to discusdividual differences. However, we
did have indicative examples of the problematienelets these patent engineers face
when searching patent documents.

One may also argue that it would have been encugisé only one of these methods
for data collection. However, this would have hé&l gonstraints. We could have
collected only log files and then performed muditistical analysis. However, this
would not have answered our research questionenung the effects of work tasks
on different stages of the IS&R process. Using alctronic diaries would have
limited us both statistically (absence of log fjleand qualitatively (lack of
observations), and the context of the interactRenmould have been too limited to
enable us to reach our original goal.

Finally, using only participatory observations fdata collection might have been
possible. From each observation, we could haveec®dl both qualitative and
quantitative data. However, this required that bthparticipants and the researcher
actually have the resources for performing suchpteta observations — in terms of
time, number of persons, and contribution of pemeband organisational resources
from the patent office. It was decided that 10 wiadks including search processes in
full would be observed, and SPRO contributed whih appropriate resources for this
task. We wanted to have a meaningful populatiorparticipants that produced a
meaningful set of work tasks that could be analysed so much for the sake of
being statistically appropriate as to ensure thatwork tasks observed would have
enough depth and context to be informative in pcodynew insights and knowledge.

Finally, below, we show a condensed summary ofdétasets collected through the
various data collection methods described abovbleT4.1 shows that each of the
data collection methods used resulted in extendatasets, representing different
aspects of the patent work and patent IS&R. Tharteféquired for the analysis of the
datasets was demanding. However, they also provigedith an interesting and
useful foundation for investigating the real-lifeatpnt work involving IS&R
processes.
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4.

able 4.1 Summary of the quantity of data collected forlgsia
Method Type of data Quantity

Diaries Written notes 328 pages
Search logs Electronic log files) 2,007 pages
On-site observations Written notes 240 hours
Notes during observations Written notes 60 pages
Interview tape recordings Tape recordings 18 hours
Transcribed tape recordings Written notes 233 pages
Additional documentation Written notes 171 pages
Total number of hours 258 hours
Total number of pages 2,799 pages

6 Data analysis

Data analysis was performed in an iterative promedon account of its nature
(qualitative and quantitative) as well as the tiraefe of collection. Furthermore, the
data were transformed in various ways to confornorie coherent type. This was
necessary to allow use of the data in an integnauziix for explanatory analysis.

F

a.

-

Data Analysis Process

Data
collection

(a) Transcriptior
and coding

(b) Categorisation

(e) Connection ¢
categories

)

(c) Combinatior Y\ T
of data types -

(d) Narrowing _
of dataset = e (f) Selection
of categories

igure 4.2: The data analysis process

In the transcription and coding, the data thedquired transcription were
transcribed (from tape recordings) and then ak eare coded.

We used an open coding method (Dey, 1999) tegoaise the data. After further
analysis, the original data could be re-categorised

The various data types were then ordered ipi@&col.

We applied a data and category reduction proegsich was also applied after
the re-categorisation phases.

Different categories were connected and talmulatwere constructed.

Finally, a main set of categories was selectedirther analyses.
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Phase 1 — work with domain experts:

In the first analysis stage, the data from intemg@ewith two patent experts were
collected and analysed. The data were collectedritten form, then ajranscribed
and b)codedinto a set of descriptive procedures, and categasiere constructed.
Based on these procedures and categories deriwedtlre first data collection and
knowledge of general information seeking and realigprocesses, a first version of a
diary for data collection was designed, along with agwol to be used for analysis
of the data collected (phases c and d in Figureah@ve) was designed. The protocol
was then tested in a pilot study. Additionally, leadt the participating subjects was
interviewedand written notes were collected and analyseccordent analysis. The
sessions were also tape-recorded and transcribmacoded for values to be used.

Phase 2 — the design of the task protocol:
In order to obtain a workable tool for the analysise designed protocol (Appendix
E) for the description of individual tasks and fibre categorisation. Data were
collected from the interviews, diaries, loggingdasbservations. For each individual
patent work task, a single protocol was assignéds feans that one protocol could
include data from several diaries (one for each afawork on a specific task). The
design of the protocol was guided by

a) A set of predefined variables;

b) The results of the pilot test; and

c) The categorisation of data from diaries, intens, observations, and logging.

The protocol consists of two parts. The first gadvides formal information about
each individual work task observed within the stuahd could be regarded as a
registration form. Each protocol includes an in&rnumber that corresponds to a
specific task performed by a certain patent enginEarthermore, each task was
assigned a formal task category defined by SPROAATS, etc.). At the end of the
protocol, the method used to collect the data wgsstered.

The second part of the protocol featured a seeldvant and predefinedariables

representing various categories. One example is‘Sbarce’ category, which is
represented by a set of identified variables. Thgables in this category include
number and types of sources used. Each varialbhehta® its own range of attributes.
In the example in Figure 4.3, below, the range tfibaites is paper-based,
human-based, and digitally based sources. To dgfdbuge, a value may be assigned.

Type of sources Digital

Figure 4.3 Example 6 — types of sources
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Finally, we added new and important attributeshegrotocol when the data allowed
us to do so. The reason for this was that the aataction was done in multiple ways
at different points in time, so unforeseen evewtsict lead to incorporation of new,
important aspects. Since the data collected weite dpoantitative and qualitative, we
needed to transcribe some of the datasets inthv@@ot set of values. By means of
content analysis, the descriptions made in diffeferms were transformed to single
values or numerical sets so that it would be ptssdocompare them with other data.

In the next phase of the analysis, we deleted mahinvariables and attributes. The
reason for this was that no values could be gathferethese variables and attributes.
We also separated the variables related to therigege work from the variables
related to the main research questions. We idedtidind constructed the final set of
variables (see Appendix A) for analysis and thesigiteed the protocol accordingly.

In the next stage, we ordered the observed tasksding to the formal types of tasks
defined by SPRO. We then performed content anabfsiee diaries and interviews
and of the extracted data and inserted them irggptbtocol scheme as values. We
also analysed the search logs that the patent egrgirsubmitted with their diaries. A
final version of the protocol was created, inclgdithe data inserted from the
observations, diaries, and log statistics. A protagas created for each work task
observed and followed, for 54 separate protocolso Aa final list of all transcribed
interv)zigws was made. The following is an excerptrfrTape 4; Participant 4 (May
2000y "

PH: When you perform an assessment, what are youwsiiog on? What is the
important element for a positive assessment?tieitlaim, the description?

N: It is something in between, because you tryrtdenistand what the invention is
about. The claim can sometimes be too fuzzy anttemriso it covers more
than it should do.

PH: Is it the problem solving, rather than desaiptof problem or claims, that is
important? Can | find the problem solution in thecdments | found when
searching? Is there a relationship between thestgom used in a search and them
describing the problem so that %27

N: Yes

PH: Would you say that you made a relevant assagshbased on how you have
perceived the problem rather than how the probles solved?

N: Yes
PH: That you match the right document to the exatdvant image, as it ???
N: If one should aim for an exact formulation 4sitvery seldom that two persons

write exactly the same thing, so the interpretatiothhe problematic issue. The
interpretation is usually based on other terms thiat is written in the claims
that | try to find in the relevant documents. Irdaitn, you need to go back to
the original patent application. That is more abudging whether the
retrieved document is relevant. Then you need tkenzan assessment, a final

" The transcript is translated from Swedish. Itsdil has been checked by one outside person.
% The use of three question marks (‘???’) indictiasthe transcriber could not hear what was said.
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assessment for real relevance. In summary, thehingt@rocess begins with
the perceived understanding | have.

PH: The next step will be ...?

N: Then you have created a document folder. Thethink one should go
directly to what the claims say in the application.

PH: What type of information is important? We haheady mentioned synonyms
and classification codes. You have also mentiomed text in combination
with images and the description. By ‘informatioh’mean what sections of
information are important. Is it paragraphs, theolehdocument, or the terms
that are important in the process of matching?

N: | think it is the terms, but not the terms onlyather, the terms in their context,
how the text is ???. Not the whole document. Thiespd the document where
these terms are located.

PH: The images for example: do they have any saamf importance at
all? Would you manage without them?

N: In most cases, when it is about technology Mendook at images. Sometimes | look
at images and then only to understand the texéhdttit never to makgecisions
based on images.

Phase 3 — construction of a matrix:

The data collected resulted in a rich datasetribatled to be structured and handled
properly. In thehird analysis stagewe designed a large matrix (see Appendix F for
an excerpt from the matrix) to carry all the dataorder to get a workable overview
covering all data from the 54 protocols. This erdhlis to see trends and patterns. On
the horizontal axis of the matrix, all the variableith attributes were listed, and on
the vertical axis were all 54 observed work tagitsdata from the 54 protocols were
then inserted into the cells of the matrix. Sinoee tasks had to be excluded from
the study because of incompleteness, only taskguiadified are presented in the matrix.

First, all relevant variables and attributes weneaked so that sufficient data were
collected. Owing to the nature of this study, tiaeadcollected were of different types
and sometimes it was impossible to collect datssfone tasks. The matrix contained
both numerical and categorical values, and in soases we needed to transform
these in a coherent way for comparability. Someevegrpurelynumericalnature. In
other cases, the data weaegorical(e.g., ‘paper/‘human’/digital’, topic knowledge
inside/outside one’s knowledge domain, or ‘Imad@afagraph’/‘Abstract’
I'Section’/'Reference’/Term’/'Code’). To be presiexa in a matrix and compared
with other attributes, some of the values neededgssing into numerical form.

The result at this stage of analysis involved timalfassessment of the variables
connected to the research questions, also inclutiendescriptive variables.

Phase 4 — cross-tabulation and correlation comparss:

In the analysis described directly above, we peréat analysis of individual
variables in order to a) describe the phenomenabamtbserve patterns of processes
on the basis of the characteristics of the indialdeariables and their attributes. In
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this stage of the analysis, we wanted to investifatther to see whether there were
any relationships between variables. This would gig the possibility of examining

our research questions further. For our purposede@ded to use two types of
correlation:Spearman's rh¢Siegel & Castellan, 1988) correlation avatesy”.

Spearman’s correlation

In statistics, Spearman's rank correlation coeffitior Spearman's rho, often denoted
by rs, is @ non-parametric measure. It assesses howawedrbitrary function could
describe the relationship between two variableshout saying anything about the
nature of the relationship between the variables.

The procedure applied was as follows: first, weeglated all variables and mapped
them to a large matrix (see Appendix F for an egiyehen, all correlations were

grouped and categorised along the main task stdBedS, and WT). The set of

correlations is from a large number of variablethwivo to eight subclasses.

In general, for each variable and task type, tieeedifferent set of values. Given the
nature of the variable and the procedures for coilg data, different variables
included different types of values, batbntinuous(e.g., minutes) andiscrete €.9.,
the abstract section or imagesalues (Gravetter & Wallnau, 2000, p. 25).
Furthermore, the values for each variable weregeaiged along patent task types. In
order to make comparisons between different tagkesty we needed to create a
procedure to normalise the different types of valioe each variable.

The normalisation was done in the following waye(Seable 4.2): if one variable
(e.g., 3Db, for task length in hours) has valuewéen 0 and 50 (hours), we reclassified
these hours within a one to three intervals [H,LM?. If we have a maximum value
of 50, the intervals needn’t be of the same leraghn H = [25, 50], M =[12, 24] and
L =[O0, 11]. Each interval [H, M, L] was assignedamerical value [3, 2, 1]. A value
of, say, 12.53, will be recorded in the ‘M’ intehwaith a value of 2. The limits
between classes allow us to classify any valueant® of three intervals. All tasks for
any given type were classified into three differertervals. The number of tasks
(with a task length value) was then multiplied Ihe tvalues for the interval it
belonged to (M = 2). In the example below, thereent3 tasks with a value, and the
final product was 27.

The average task length by task type was calculayedividing the number of tasks
[13] for a certain task type [A] by the sum of tagngth intervals [27]. In the
example below, we get the value 2.07. This proceeias repeated for each variable
and task type within that variable class (see xaenple in Table 4.2, below).

?H = High; M = Medium; L = Low.
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Table 4.2 Example of a table with normalised values

Hours per task

3b A PCT1 PCT2 AITS AS C

H/M/L 3 21 3 2 1 3 2 1 3 2 1 3 2 1 3 2 1

# 4 6 3 6 5 1 0 1 7 4 3 2 0 O 5 0 O0 7
Total 12 12 3 9 7 2 0 2 7 12 6 2 0 O 5 O 0 7
tot. # /n = task 27/13 29/12 9/8 20/9 5/5 7

avg. / task type 2.07 2.42 1.12 2.22 1.00 1.00

Legend: H/M/L = High/medium/low; # = Numbers of vaduwithin each class limit; tot. #h/= task = Sum of task
length intervals divided by task count; avg. / tagle = Average task length by interval.

Secondly, in calculation of a correlation, six patrere used, in general. In some cases,
there were only four or five task categories pres€his means that sometimes the
correlations were based on four to six pairs otieal Since we encountered a large
number of correlations from .700, we decided tdlesstith only those from .900, to
avoid an overly cumbersome procedure for measwangelations. Therefore, only
correlations with a score above .900 are considaneddiscussed. For example, the
tabulation was then done as follows:

Task type V1l V2

A 2.07 8.64
PCT1 2.42 8.00
AITS 2.22 8.40
AS 1.00 3.66

Then we computed this correlation. Finally, becauserelations between two
variables are symmetric, only one correlation doifit needs to be computed for
each pair. Some 880 cross-variable tables wereletéc.

X’ correlations

We performed a second dependency test, using Yatés significance testing. A
general definition of? is thaty? is based on frequencies and used in determining ho
well the data obtained from a test match the exgpedatay? is applicable both to
gualitative and to quantitative variables. The gmalo test the results’ statistical
significance, in order to rule out results that rhaye been caused by chance.

Phase 5 — post-task interviews:

Finally, after scanning all incoming data from tteries, logs from information
systems, and observations, we performed a postitgsiiew when we thought this
was necessary or when we otherwise needed toyckmiissue. The purpose was to
collect additional and clarifying data to suppleinre previously collected data.

Summary:

We have described the procedure for data colleetiohanalysis as well as for connecting
the procedure to a timeline. Multiple collectionthads have been used, to collect both
gualitative and quantitative data. The processHhandling the data collected and
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analysing the patent work tasks at SPRO has bescriloed and justified in the
previous chapter. The steps and handling of thee atat described in Figure 4.4, below.

Patent expert enquiry —— Eliciting concepts, domain

A knowledge, and domain setting
Patent engineers Description of behaviour
A and actions

v

Task procedures and
performance description

v

Variable analysis and
analysis protocols

v

Data encoding

v

Variable values

Statistical analysis Descriptive analysis
(quantitative) (qualitative)

\/

Matrix

v

Results

Legend: e = In some cases, the data checked for clarification or to verify valigit

Figure 4.4: Research steps and handling of data

The figure shows that we first elicited domain-sppeand IS&R-related concepts,
domain knowledge, and work task procedures relef@mur study by interviewing
senior patent experts at SPRO. Similar informati@as gathered when the patent
engineers were involved, through interviews, obstons, and electronic diaries.

Once the basic concepts and setting were estathisive analysed the search
processes and the actions performed by the patginieers. Then, when we had a
basic understanding of the work task performance @escribed that task
performance in a structured way. This structureviplex an outline of the foundation
for extracting and identifying relevant variables lie used in the analysis of our
collected data. A protocol for analysing the datswonstructed. The data were then
encoded, and variables were assigned values. Ohattie of the encoded data, we
performed both statistical and descriptive analytie variables were then mapped
to an extensive matrix containing all variablesnitfeed. That matrix was used for
making of descriptive comparisons and determinatiostatistical correlations. From
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this matrix, results were calculated and intergsfindings reported. In some cases,
we needed to go back to the patent engineers &oifichtion of some data we had

collected (especially from the electronic diarie®xerall, this was needed only in
conjunction with the electronic diaries.
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RESULTS

The results of this thesis are presented in chaptéo 9 as follows:
Chapter 5: The Patent Domain
Chapter 6: Descriptive Analysis of the Work and F5&ask Processes
Chapter 7: Cross-tabulation and Relationships
Chapter 8: Collaborative Search Activities
Chapter 9: A Method for Analysing and Describingu®@ Sessions in
Interactive IR
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5

THE PATENT DOMAIN

In this chapter, we present a general descriptigheopatent workplace domain and a
more specific description of work tasks performedtlze Swedish Patent and

Registration Office and the work performed. Sectoh describes the patent office

and the general work processes performed at SPR@ettion 5.2, the types of

patent applications are presented, and Sectiodds@ibes the structure of the patent
document itself in detail. In Section 5.4, a sesearch types used within the patent
domain is presented. This is followed by Sectidsn &here the relevance criteria for

judging a patent application are described. In i8ech.6, the patent classification

system is detailed, and, finally, Section 5.7 pmésa general conceptual model of the
patent handling process.

51 The Swedish Patent and Registration Office

The study was conducted at the Swedish Patent agistRation Office (SPRG}
This is a government agency with offices in thrées in Sweden — Stockholm,
Sundsvall, and Soderhamn — and consisting of thldtepartments: the patent
department, the design and trademark departmeshthammarketing department.

The Patent Department, in which this study toolkcelas located in Stockholm. The
main goal of the department is to protect investsédeas, inventions, designs, and
trademarks) that individuals and companies haveenmadew technological innovations
and developments and to stimulate competitivenesSweden in a fair way. The
handling of the patent applications, which is danainly through classification,
searching, retrieval, inspection, and judgementlgvant information usually (but not
always) within the patent domain, ensures that gmdsible invention is processed
properly. The Patent Department processes nati@mal international patent
applications, where a patent protects technicaltispls and inventions and gives its
holder exclusive rights to manufacture, sell, imipor use the invention, for example.

%01n Swedish: PRV, Stockholm, http://www.prv.se/
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The Patent Department at SPRO consists of 12 temhonits (in which, in total,

about 200 patent engineers, or examiners, procesgentp applications); a
documentation unit, which verifies the accuracy paftent applications; a patent
information unit (i.e., a library) and other fatiis for management of patent
documents; several attorneys; and administratafé. st

The overall objectives of SPRO are to provide dicieht and appropriate system for
registering intellectual property rights and to wmesthat the skills, knowledge, and
resources that SPRO maintains also benefit thetyoici an efficient and appropriate
manner (SPRO Annual Overview, 2004, pp. 1, 5). éngyal, the patent engineers
handle applications written by a professional patameau, those from an internal
patent department at a company, and applicationsitgte persons.

The patent engineers are placed either alone pains in each office. The engineers
worked in small teams and sub-units representirifgrdnt topic areas, such as
‘optics’ or ‘mobile devices’. Each team had a ‘sehengineer or mentor, usually a
patent engineer with many years of experienceenptitent domain, whom all patent
engineers could consult whenever needed. All patagineers have 18 months of
basic SPRO course training as well as specialitigiim searching databases. They
also continuously participate in internal educatiSome of the patent engineers also
had completed language courses. In all, 56% haddest 19 and 36 months’
experience of professional patent work and 33% B&a#@8 years of patent work
experience.

5.2  Types of patent applications

In the patent domain, there is distinction amongonal and international patent
application types. We encountered the followingetyf patent applications in our
study:

National applications:

The A applicatior* is a national patent application type whereinapplicant has not
asked for any priority on account of an applicatio@nother country — that is, a new,
unexamined Swedish patent application. The keyutsitpf an A application are a
search report and argumentation. The report deispatents that are related to the
current patent application and what the area dirtelogy for the specific invention
looks like in general. Furthermore, an evaluatibthe documents found is done, and
if any of thedocumentdound are ‘against® the current patent application, this is
reported. A B application is the same as the above-described type of patent
application but is used when one has applied inhemnaountry first; when applying
for a patent in Sweden, the applicant asks forrpyidrom the first patent application
date. When an A or B application is returned to OR#y the applicant with revisions
that include new claims or arguments, this pateqlieation is treated as €

L An ‘A’ application is anational patent application.

%2 The expression ‘document against’ the patent egiidin is used when the patent officer has found a
document in the patent databases that partly br fodtches the incoming application and, therefore,
renders the incoming PA unable to be approvedipnbposed state. Some parts need to be adjusted or
the incoming application is rejected.

84



applicatior’®. When a patent application has been approvedapipticant has the
opportunity to make final adjustments and smallenges to the claims, in which
case the later patent application clads epplication

International applications:
When an A application (national) is turned into imernational application, it
becomes aA+ITS* application

In a PCT application the applicant wants to apply for an internatiopatent. The
patent application is sent to one of the patenicedf that can process PCT
applications and the applicant can then apply limedvant countries at one time. A
PCT application has two phases: a PCT phase 1tr@p6iT1)}° concerns a ‘novelty
search’ and has a international application asbisis. PCT phase 2 (PCT2)
involves ‘evaluation of the level of patentabilityA PCT phase 2 here is a
continuation of PCT phase 1, with additional argotagon. A report is issued for
each phase. After this procedure, the applicantagply for a full patent in each
country, and for each application the report(symfra PCT application will act as
guiding documents for the examination in each agurih the second PCT phase,
there are two procedures: A Written Opinion (WO)sinlbe written if the examiner
makes the decision that there are shortcomingsarPCT application. If a WO is not
needed, the final report is the phase 2 reportCA Phase 2 application also involves
examination and assessment.

Finally, there are patent searches that are donedemand. These are called
assignment¥. Assignments usually are allowed 6—10 hours okstigation. One

reason for making such a search from the applisgo¢rspective is to check the
market for a certain topic or in a given area aeel\whether the right conditions exist
for proceeding to the next stage in the developnmntess. Each year, SPRO
hangges approximately 3,500 national patent apiphca and 6,000 international
one

53 Patent document structure

Patent applications are highly structured documantsare composed, in general, of
the following mandatory elements:

« Atitle page
a. The name of the applicant
b. A title
C. Dates
d. Classification code

% A C application is a former A application and tezhseparately.

% TS = International Type Search Report.

% PCT | =Patent Cooperation Treaty, phaseThe first phase is for an international patemliaption
involving ‘level of invention’. This phase occurslg once for each application.

% PCT Il = Patent Cooperation Treaty, phase Rhase 2 is for an international patent applicatio
involving possibilities for application as a patesgarching for novelty, industrial applicabiligtgc.

37 For an assignment, a search made on requesblbhevéation is ‘AS’.

% The figures are for 2003 and are based on persongct by telephone with Stig Edhborg of SPRO.
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Abstract

Background

Description

Patent claims (see Figure 5.1)

Drawings, figures, and chemical structures (seer€i§.2)
A summary (see Figure 5.3)

The title page contains an overview of the subject of theemtion and provides
information that is important when one is searchirigrmation such as the invention
tittes and bibliographical data. The title pageai for an initial brief assessment of
the relevance of the patent document and contalri®odraphic data such as the
publication number several types of dates, such as tate of priority (if the
applicant has applied to another patent officedl taeclassification code

The abstractcontains a condensed, detailed summary of thentroreas described in
the description, claims, and drawings, while thekigpound deals with what issues
the invention is an attempt to resolve and howitivention improves its specific
problem in comparison to other inventions in thexearea. The abstract is written in
English even though the original application may#ten in some other language.

The descriptionoften contains a statement of the state of théoathe technology, a
presentation of the problems the applicant claisnkave solved, a short description
of the invention, and a description of a set of beaiments’ of the invention. The
text in the descriptive section should be writteshsthat a person skilled in the art
could be guided to construct the invented objebe Taw requires that all possible
aspects of the invention be described; therefbreresulting section usually contains
a description of

- The technical field to which the invention relgte

- The prior art;

- The figures and drawings;

- The problem to be solved; and

- A solution, with examples of how the inventiorutthbe implemented.

One of the most important parts of the patent appbn is theclaims (see Figure
5.1). They specify different features and partthefinvention for which the applicant
wants toclaim the legal protectianThe language in the claims is very formalised, fo
legal reasons, but also for a coherent understgnofnall parties involved both at
national and at international level. How the claimu®e formulated is of great
importance and may be the reason if the applicatforsuccessfully approved.
Furthermore, the patent claims usually have a tgkreal structure, which generally
affects the search process. The claims can beedel& different forms of
performance that are described in different paftshe description portion of the
patent application. A claim has two parts:

- The ‘designation’, which describes the ‘prior art

- A ‘characterising portion’, which describes tleehnical solution for which

the applicant seeks protection

It is very common that several claims are madeiwitime application.

There are two types of claims, timelependentlaim and thelependentlaim:
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- The statements in the independent claim stanthein own (see claim 1 in
Figure 5.1).
- The statement in the dependent claim (see clamirgure 5.1) may
o depend on a single claim or
0 depend on several claims. Every single claim thgesses different
embodiments of the invention.

Each dependent claim is narrower than the indeperudigm upon which it depends.

Claims

1. A method for internal cleaning of pipes or tubes by
inserting a projectile into and propelling said projec-
tile through said pipe or tube by means of pressu-
rized fluid, whereby the projectiles are fed one by
one, in a direction generally transversal in relation
to a firing direction, through an open side (16) of a
housing (8) and into a chamber (15) in said housing
(8), whereupon a pressurized fluid source (50) is
brought into communication with the chamber for
ejecting the projectile from the chamber (15) and for
inserting the same into said pipe or tube through a
nozzle, and whereby the housing (8), when a pro-
jectile has beenfed into the chamber (15}, is pivoted

from a loading position to a firing position for bring-
ing its open side (16) in line with the nozzle and
thereby to coincide with the firing direction, charac-
terized in that the housing (8) is floatingly support-
ed and in that a force is applied to the housing (8)
in the firing direction, when the housing has been
pivoted to the firing position, for sealing the inlet
(19,20) and outlet (16) of the housing.

[...]

7. The apparatus according to claim 6, characterized
in that the recess (34) in the sealing box (28) com-
municates with a pressurized fluid connection (31)
in the housing of the cylinder (26) through an inner
channel (29) in the piston rod (27) of the cylinder
(26).

Figure 5.1 Example of two claims, from patent applicationd820621-1999
(with the permission of the Swedish Patent Office)
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In almost all patent applications, we may find @mmemoreimages(see Figure 5.2,

below). The goal of using images is to illustrdie technical details of the invention.
Depending on the subject area, these images astddeoad very important or just an
illustration of the invention. In some cases, tineage is highly crucial in the

assessment of whether the invention can be approVed image gives the
reader/assessor a better understanding of thebiglgad the invention. Examples of
image types are chemical structures, circuit diagtaand flowcharts.

Figure 5.2 Example of an image, from patent application SE&21-1999
(with the permission of SPRO)

Figure 5.3, below, is an example of an EngBsimmaryfrom a patent application in
a Swedish application with the filing data &E9800621 - 1999-08-28 from
esp@cenéf:

The invention relates to a method for internal wleg@ of pipes or tubes

inserting and propelling a projectile into and tigh respectively sa
pipe or tube by means ofgwsurized fluid, whereby the projectiles are
one by one, in a direction generally transversatdlation to a firin
direction, through an open side (16) of a housB)g¢ a chamber (15)

the housing (8), whereupon a pressurized fluid @ ({B0)is brought int:
communication with the chamber for discharging piejectile from th
chamber (15) and for inserting the same into sale tor pipe through
nozzle, whereby the invention is characterizedhat twvhen a projecti
has been fed into thenamber (15) the housing (8) is pivoted frol
loading position to a firing position for bringirits open side (16) in
alignment with the nozzle and thereby to coincidth whe firing direction.

Figure 5.3 Example of a summary, from patent application E8E®H21-199in
English from US6082378n the same patent family) (with the permissiotsBRO)

%9 The full reference for the patent applicationiis$wedish): Title: Satt och anordning for invandig
rensning av ror eller slang; Inventor: SCHEF EDDApplicant: EUROCOMP AB (SE)
Publiceringsinformation: SE9800621 - 1999-08-28:1BG8B9/04.

“9 http://se.espacenet.cam/
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5.4  General types of patent search

In connection with the patent handling processiethe a set of patent-search-related
concepts, usually used within the patent domainnborte recently also in academic
settings describing the patent domain and searVites. Therefore, it is necessary
to mention them here. The goal with some of theckes is just to test whether it
would be worth the effort to write an applicatialated to the idea in question, while
other searches are concerned with the technoledy énd yet others are performed
in different phases of the patent handling procéissaust be noted that both the
applicant (or a representative thereof) and pradess engineers are involved in
performing patent searches in general. It was nwtiotention to categorise the
searches we encountered on the basis of theseodategsince this would have
required that we analyse the type of patent apphicatself and ask the patent
engineers to point out when and where these diffesearch types are present. Below
is a categorisation of some (but not all) importserrch types (WIPH 1998). More
specifically, there are searches that can be peddrby both the applicant and the
patent department of the company to which the itardoelongs, if any, as well as by
a patent bureau and a patent engineer within @amatpatent office. For example,
prior art searches can be performed at differeagest in handling of patent
applications of different types within the patamformation handling process.

Pre-application searches:

A pre-application search (PAS) is a type of sedldt is performed to determine
whether an idea is patentable or how the genecaintdogical field looks. A pre-
application search can be done by the applicantinaentor, or a patent bureau.
Academic papers, technological reports, and othibtigp knowledge are of interest
here. This is one kind of ‘prior art’ search penfi@d before a patent application is
filed with an official patent office. This seargpe is not represented in our study.

Search for the state of the art:

This is another kind of ‘prior art’ search. The bohthe search is to see what the state
of the art is for a given technical problem. Faopart, usually all information that has
been made available to the public before a cedaia is relevant for the interpretation
of the claims for a certain patent. So if the soluto the problem has been described
in an earlier document, then the whole, or a pdirthe invention is not valid. Another
reason for such a search may be for assessingc#isgechnology that may be
offered for licensing. This type of search is dbyehe national patent office.

Novelty search:

In a novelty search, the goal is to identify thevelty, or lack thereof, as regards the
proposed solution claimed in the patent applicatibms search tries to decide and
inform the applicant whether one should continudaieloping the invention further.

Usually, these searches are performed by the ratpatient office. A novelty search

“LWIPO = World Intellectual Property Organization.
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Is problematic and difficult in that the claimeceas are described in a very general
and unspecific way. This search is sometime aldecca patentability search. This
search could be performed by both patent bureadxpatent departments before the
patent application is filed or by patent enginesrthe national patent offices during
the patent handling performance.

Names search:

A name search can be done separately but is aksavioven with the overall search.
The goal of this kind of search is to find docunseintzolving specific names such as
company or personal names, applicants, and inedtoour study, this search was
performed by SPRO, for example, in the processirafifig out whether a certain
company filed applications in the same technoldgiiedd that are similar to the
current application.

Technological activity search:
The goal of a technological activity search isdenitify companies or other organisations
that develop or have considerable knowledge inibpé&elds of technology.

Patent family search:

A patent application usually belongs to a ‘famity’applications. A family is defined
by criteria such as the countries in which a spedipplication has been filed
(published) and a list of documents with ‘referencied’ that would be an indicator
of importance. This search may in some cases tuilesfior the search of patent
categories and searching through classificationwéder, the patent applications
within a family may contain references to patentudoents from other technological
fields or classes. These searches are frequenflyrped in our study at SPRO.

5.5  The patent document: Relevance aspects ane@Gait

When judging a document for relevance, the PE asexry specific set of relevance
criteria. Judging a patent document takes itsistpfoint from several aspects of the
document and its environment. In general, there tax® important categories of

relevance judgements made during the patent hangiiocess (EPO, 2009, Part B).

Documents (references) of particular relevance:

References of particular relevance are marked fXYa A category-X document is a
document in view of which the claimed invention mainbe considered novel or to
involve an inventive step. There may be severalasscdocuments for one application.
Category Y is used when a document involves a cthah cannot be considered to
contain an ‘inventive step when the document is lioed with one or more other
documents of the same category’ (EPO, Part B, p. B&se aspects of relevance are
summarised in the search report (Akers, 1999).elbsually are two or more Y documents.
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Category indicating cited documents (references) atlevant prior art:

The next main category of relevance judgement asgaot considered to belong to

either X or Y, above) is

- Category ‘A’: A document that is not consideredoe of particular relevance
and defines the general state of the art (aspeats@te missing in the X and Y
documents may be pointed out in an A document) and

- Category ‘&": Documents in the same patent familyhose contents have not
been verified by the search examiner but are kegiéw be substantially identical
to other documents the patent engineer has ingspeRO, 2009, p. 53).

Most common is the usage of X and Y documentseact category is treated differently
but could also be combined with other categoriagleizance judgements. One may say
that each relevance category describes some kirstlatd’ of the patent application. A
patent application containing a long list of claimay end up in a long and complex
combination of categories. For example, applyirgjrategy of using one X document
plus one Y document, or a strategy of using one@duchent plus another Y document,
is a matter of judgement that is related to theecurinformation need and the problem
at hand. This way, each relevance degree hasatiti@spectdo be accounted for.

To some extent, the relevance judgement categoses by the patent office can be
characterised as a ‘top-down’ scale beginning whth X/Y documents (see Figure
5.4, below). However, the lower the level is on deale, the more it is used in
combination with other categories in order for tmarrive at a complete assessment.
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Figure 5.4: Simplified process model for the relevance judgeinpeocedure

5.6  The patent classification system

A patent classification system is not only for omih classification system of patent

documents but also an important tool of effecteareh, to retrieve patent documents or
related documents. One of the treaties for clasgitin of Intellectual Properties that

the World Intellectual Property Organization (WIP&)ministers is the IPC system

(WIPO, 2009), now in its eighth version. This IPgstem has a formal hierarchy

(illustrated in Figure 5.5):

a) Section Eight main sections, with symbols ranging fronpita letters ‘A’
through ‘H’ (e.g., D -TEXTILES; PAPER

b) Class Each class has a two-digit code, such as ‘2&d us combination with the
section letter (e.g., D 2IPAPER-MAKING; PRODUCTION OF CELLULOYE

c) SubclassesThe third level in the hierarchy consists of amemore subclasses
to each main class. Each subclass is designatbdavgingle capital letter (e.qg.,
D 21 F - PAPER-MAKING MACHINES; METHODS OF PRODUCING
PAPER THEREON

d) Group Every subclass is broken down into groups, ofciwhihere are two
types,main groupsandsub-groups
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a. Main groups (the fourth level in the hierarcbgisist of a letter and number,
followed by a slash and the code ‘00’ (e.g., D 211FO0 -Processes

b. Sub-groups (a lower level related to a main gydwave the same code as
the main group and then an additional number cogritom ‘01’ onward
after the slash (e.g., D 21 F 11/1®laking corrugated paper or boayd

Section D

Class D21

D21F

Subclass

Main group D21F 11/01

Sub-group D21F 11/1:

Figure 5.5 IPC classification system

Each patent document is assigned one or more auPPC symbols for subject
classification. This classification is highly impamt for the retrieval of, for instance,
‘prior art’ patents. One may often find a paterdexed in two or even three sections
(‘multi-classification’). An invention may involves.g., a large apparatus/system and a
complex construction. Specific details of this syst or construction may be
classified with different codes.

Another important classification scheme used bymaéengineers in Europe is the
ECLA? classification scheme used by the European P@tice*®. This system also
serves to facilitate prior art searches of pateauchents. ECLA, commonly seen as
an extension of the IPC system, has more than @850Qbdivisions (about 60,000
more than the IPC) and is also considered moreiggrdhan the IPC system. One
recommended classification search strategy is tobate queries in the ECLA/IPC
fields with queries in the abstract field. Otherpwmrntant classification systems
frequently used by the patent engineer are theednBtates Patent Classification
system (USP®) and the classification system used in Japan, JPO.

“2 http://v3.espacenet.com/eclasrch?locale=en EP
“3 http://www.epo.org/
“ http://www.uspto.gov/
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5.7  The patent application handling process: A gzal model

The patent handling process is a very informatrgersive and focused work task,
which involves extensive information seeking anttiegal activities and highly
complicated problem-solving procedurds patent is usually seen as an agreement
between the applicant and the country where itfiled first. Generally, SPRO items
are protected only within Sweden. If the inventisrio be exploited outside Sweden,
the patent must be issued in other countries therelare two ways to seek protection
outside Sweden: through the PEF the Patent Cooperation Treaty, which allows one
to file an international application — and E¥Ghe European Patent Convention, which
Is an agreement between about 20 Western Europmartries. According to this
convention, a patent application is submitted ® Huropean Patent Office (EPO),
which is located in Munich. In this case, a patamt be granted for all signatory nations
at once. One major obstacle for the general pdt@mdling process is the processing
time for each application. Efforts to shorten therage processing time have resulted
in issuing patents in an average of 2.79 year®0%#ZSPRO Annual Overview, 2004,

p. 7).

Generally, the initial patent task performance psscat SPRO is formally well
structured and involves a certain sequence of stage

Initially, the patent application arrives at SPR@ as registered The Patent Law
Division first investigates the incoming patent kggdion, in terms of whether the
formal requirements for the application have been. lBefore the application reaches
SPRO, it must have been written by the applicaniforritten by a patent bureau,
validated by the applicant. The preparation mayuinhe a so-called pre-application
search. The applicant/investor needs to do thisckaa order to determine whether
the idea is already patented. This search cangaleathe applicant/inventor a picture
of other patents in the relevant technologicaldfiéirom this point, a patent engineer
processes the patent application. As noted abbeegpiplication may have been filed
as either a national or an international applicati®here are some differences
between these two types of applications (see Figu,ebelow).

Figure 5.7, is a general conceptual model of th&@RISrocess, within the patent
handling work task. The figure is based on a generderstanding of the domain as
well as on initial discussions and interviews priorthe study. The following is a
general description that may apply for a natiompgligation.

> The Patent Cooperation Treaty — see http://wwwoviii/pct/en/welcome.html
“® The European Patent Convention — see http://wwwpman-patent-office.org/legal/epc/
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Figure 5.6 The data flow process in pre-processing of amatpplication at SPRO

The PA undergoes a first forma¢view and aclassification processand is then
assignedo one of the technical divisions and to a speg@étent engineer with expert
knowledge in the area of the PA. An engineer resjda for a specific technical area
investigates whether the invention is patentablaatr(the ‘novelty examination’) —
that is, whether certain requirements are met, sischovelty and inventiveness. The
invention must be of a technical nature, have tectreffect, and be reproducible,
and each invention must differ significantly frohat which was known before.

Thepreparationandplanningtask is then started, and the R&ads the applicatiom
order toidentify and define the problem(ahd the possible approach to solving the
problem(s). The patent application is a highly &ineed document, as noted above
(see section 5.3 above for a detailed descriptibnthe document). Further
information is collected and reviewed, amdjuirementdor the handling process are
decided. The goal is tdentify the information neexh order to perform and resolve
the patent application handling process. Thimrmation need formulatiorstage
involves the process of describing the identifiexech and specific conditions for
further processing.
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PA and patent preparation Revised PA Announcement
gy -

Swedish Patent and Registration Offices (a)
Goals, priorities, experience, knowledge, etc.

Work unit / department (b)
Goals, priorities, experience, knowledge, et]

O

Actor — patent engineer (c)
Goals, priorities, experience, role,
knowledge, strategies, etc.

_i ___________________ _

Task initiation
Task type definition and formal review

Patent application classification <
Assianment (reassianme

v 4

Task preparation and planning

A

Accepting task
Reading patent document
Information seeking task
Identifying & understanding the prok
Information needs formulation cor:aieliion
Planning of the seeking strategy I Sources P
Identlflcatlpn of sourpe(s) < External and Information
Information gatherin internal extraction
v T <4— sources Summarising
Information retrieval task P Information
Information retrieval interaction creation
Query formulation/reformulation ¢
Relevance assessment >

Figure 5.7: General conceptual model of the patent handlnoggss at SPRO

The next phase iplanning the seeking strateggnd identifying relevant and
appropriate sourceso be used. When an electronic source is selea®dR task
process is initiated. For this purpose, the PE @tk internal sources (databases
created in-house) and external (commercial datapasges. The IR task involves
various interactions with electronic IR systems through different user interfaces,
which enables feedback to the user when one pesfegarches in the syste@uery
formulation and reformulatiomvolve the iterative formulation and reformulatiof
the identified information need through constructod query sequences.

The search outcome then undergoglevance assessment and judgeme&vihen a

satisfactory set of documents has been retrievedadged to be relevant, the next
phase of the process begins, involving the usheasfed documents. At this stage and in
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the previous ones, collaborative activities are wmm, for sharing knowledge and
experience.

In the next stage, the retrieved documents are insearious ways as components in
the task completion stageFrom the documents retrieved, information may be
extracted and summaries may be written for thertepwd various types that will be
sent to the applicant. Depending on the type of thA,PA may be referred back to
the applicant for revision When the revised version comes back to the paféoe,

the PA undergoes anspection

Finally, when the applicant and the patent offiexénreached agreementpablic
announcement of the patems made and the patent fed nationally and
internationally These reports are information created during, amngart of, the task
process and may be used in later patent tasks. Whatot explicitly shown in this
description are the long time intervals between pia¢ent handling phases. As
described, there is a set of decision points atlkvanswers to questions are required
and judgement must be made of those answers kbfoegpplication can be accepted.

The tasks investigated in this study are the IS&sks$ (in the shaded box in Figure
5.7 above) and start when the patent engineervexai classified PA and ends with
judgements and decisions on whether the retrieveturdents, or parts thereof,
should be used for creating the final report. Qi#she shaded area in Figure 5.7, we
identify three factors (a, b, and c) that may iafiae the PA process. First, there is the
overall SPRO organisation that acts in line witleafic goals and priorities. The
second level is the unit or the work group. Theepaéngineers are divided among 12
technical patent departments or units that perfcentain duties. The knowledge level
and their collective knowledge will influence theeoall performance of this group.
Also, at the work unit level there is a set of sflegoals that guide the members of
the group. The final level is that of the actorcEavork unit member belongs to a
specific team corresponding to his or her topicaaoé knowledge (e.g., mobile
phones). The actors also have personal goals, basetheir knowledge and
experience of work tasks and topic. Other speqigrsonal characteristics are
personal search and assessment strategies. Eagiitgaon member also has specific
roles within the group and in the organisation.

In this study, we focus on the task level. Therefogroup- and actor-related
behaviour and search patterns are not at the dietme study.
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S

DESCRIPTIVE ANALYSIS OF THE WORK
AND IS&R TASK PROCESSES

In this chapter, we present the results from treyais of the different categories of
variables in view of the general framework depicted-igure 3.1, in Section 3.2.
Furthermore, each category of variables is rel&teone of the research question as
described in Section 3.3. The chapter function®lésns:

- Sections 6.1.1-6.1.11 deal with research quegtiddork task features

- Sections 6.2.1-6.2.8 address research questiofo2mation need

- Sections 6.2.9-6.2.11 deal with research ques8tiGource

- Sections 6.2.12—6.2.17 deal with research quedtiQuery formulation

- Sections 6.2.18-6.2.21 consider research quéstiBelevance judgement

- Sections 6.3.1-6.3.2 deal with research questionformation use

- Section 6.1.12 deals with research question Halaration

This chapter does not explain the relationshipgiera each variable is defined and
described and is related to the patent work task meispect to the work task level, the
information seeking level, and the information imtal level (see Figure 6.1). For

each variable, values are assigned and the distnibaf the values is described and,
in some cases, illustrated. Tables for all of thaables described in this chapter can
be found in Appendix G.

<
Work task level
Patent
Work X - «
Task Information seekindevel <
\ Information retrievalevel <&

Figure 6.1 Analysis framework
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This chapter covers the work task level (in Secfidt); the task performance process
stage, involving the information seeking and realeprocess (6.2); and the task
completion stage — information use (6.3).

6.1  Work task performance

This section is concerned with our research quedtjmn the effects of the work task
features on the work task. It is addressed thraaegtions 6.1.1 to 6.1.11. In this
section, we also address research question 7, deoimgj the manifestation of
collaborative activities (in Subsection 6.1.12).

A work task starts with a task initiation phasedaas a first step in the task
performance process, ticoming patent applicatioarrives at SPRO. Even though
the incoming PAs have all been prepared in linéhwlite SPRO recommendations,
they encompass different characteristics, in asaak as type of applicant and type of
application preparation. After arrival at SPRO, tR& undergoes aegistration
procedure at the registration office. This is apamtant step, since it is here that the
application is given the official date stamp indicg when the patent handling
process starts. Next, the patent application umaerga first review and also is
subjected to an internalassificationprocess The main subject is set for the new
incoming patent application. The PA may be nati@mrahternational, and there is a
further set of predefined and fornmgpesof patent application (see Section 5.2).

In this section, the results concerning domain $dad Subsection 6.1.1), type of
work tasks (6.1.2), type of applicant (6.1.3), agyde of application preparation
(6.1.4) are presented. Note that the variablessif tonstraints (6.1.5) and time to
complete the task (6.1.6 and 6.1.7) have been ¢blaeees since we analyse them as
overall work task aspects.

Results having to do with the preparation of thekmask, such as perceived task
difficulty or task knowledgeare presented (in Subsection 6.1.8), as arestas&ture
(6.1.9), problem formulation (6.1.10), and the domknowledge of the patent
engineer (6.1.11). Most of these are closely rdlabethe task performer — the patent
engineer.

6.1.1 Domain goals

During the pilot interview (c.f. Appendix B) witthé expert patent engineers and the
pre-task interview with all participants, it wasealed that there exist several levels
of perceived goals where the patent work taskscareerned. The analysis of the
data resulted in the categorisation of three lewdlgyoals of patent work. We
categorised (in Table 6.1) the different goals e@nts of these main levels:
organisational, group/team, and individual level.
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Table 6.1 Categorisation of domain goals and their freqyenc

Domain level | Domain goals

Organisational | a) Supporting the development and growth of Sweitidhstry and

level further development of the patent domaing’(7)

b) Providing applicants with high-quality searclesl services (5)

c) Protecting ideas (4)

d) Helping applicants (2)

e) Disseminating information and knowledge (1)

f)  Supplying quick answers (1)

Group/team a) Creating and developing praxis and consenstmsnittie work team

level with regard to judgements, education, etc. (3)

b) If necessary, providing information, knowledgad protection of
applied invention (2)

c) Processing as many applications as possible (2)

Individuallevel | a) Giving each application a good qualitajivdgement (6)

b) Finding what is already known and thereforeaustepting
redundant applications or parts thereof, thus iflény patents that
really are unique and therefore possible as agpits (5) and

c) giving the applicant strong protection for hisher ideas (5)

d) Providing patent search as a service (4)

e) Supporting the development and growth of Sweidighstry (1)

At the organisational level, 20 comments were madéotal, and at the individual
level there were 21 comments, while at the groapitéevel, only seven comments
were made. This lack of opinions at the group/téewel may be due to lack of a
clear picture of the role the group may play in plagent work process within SPRO.
One of the respondents said: ‘This is a forgottepeat.” One of the wishes most
often expressed at this level was to build consemsupractices. There were many
opinions expressed about what the goals are ondawidual and organisational level.
At the organisational level, three distinct aspestteod out: supporting the growth of
Swedish industry, providing the applicant with aalify service (search), and
providing protection for ideas. Another importaoggis to provide the applicant with
high-quality information about the possibilities fiding an idea. On the individual
level, we find a large number of comments regardihngng the applicant a good
qualitative judgement, giving the applicant strgmgtection, and exploring the patent
space and not accepting redundant application$olenor in part. This last comment
carries a sense of a personal quest and challenge.

These goals — for example, those at the indivitexadl — most probably have some
implications. However, since the focus is not oerusehaviour explicitly, this will
not be investigated further in the present study.

6.1.2 Types of formal patent work tasks

In this study, when performing the observation, weestigated sixmain formal
patent application types (work tasks) that the qtaémgineers handled. These were
national (A) or international patent applicatios+(TS, PCT1, PCT2, and C).
Furthermore, the third group of applications, achléssignments (AS), involve a kind
of ‘pilot search’. These categories, or types ofkvasks, were extracted from our

*"The numbers in brackets, as in /(7)’, mean ttatekample, seven out of 10 professional patent
examiners made comments on this particular aspect.
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pre-task interview (q22, Appendix B) and used a&srtfain categories of patent tasks
in our study. Other types of patent tasks were emaved; however, most of them

did not include any IS&R activities, so these wekeluded from the analysis. The

total number of tasks investigated was 54. These Wweoken down by task type as
follows: 13 A tasks, 11 PCT1 tasks; nine PCT2 tasid also nine A+ITS tasks, five

AS tasks, and seven C tasks.

6.1.3 Types of patent applicants

The patent applications investigated were submitid@tie following categories: from
a private applicant or by acompany/organisatianPrivate applicants may write the
application themselves or leave it to an extemdhorised representativeuch as a
patent bureau. A company/organisation may creat@wn application through an
in-house patent department (often the choice gkel@ompanies) or by using external
authorised representatives. Other applicants may, éxample, be invention
organisations and research institutions.

Out of the 54 applications followed, 51 could béegarised, through the electronic
diaries (Appendix D), as being either privatelyasganisation-originated; 47 (92%)
of the applications were submitted by a compangtber organisation and involved
task types A (8), A+ITS (9), AS (5), PCT1 (11), PX(7), and C (7) , while four

applications (8%) were submitted by a private persod all of the latter belonged to
task type A (national task type).

6.1.4 Types of application preparation

Before being submitted to SPRO, the patent appheatneed to bprepared(which
includes the applicant writing the application; psome prior searching of the area;
and pointing to previous related applications, ideo to provide arguments for the
application). In our study, the preparation wasedomainly by companies and by
patent bureaux. The preparation of a patent apgmitamight differ between
applicants.

From, in total, 49 patent tasks, 13 patent apptioatwere prepared by a company’s
patent department and 34 applications by a patentab. Data were collected
through the electronic diary. Only two of the foprivately submitted patent

applications were prepared by the applicant himhenself. The distribution shows

two groups: Group 1 has a large number of apptoatiprepared by bureaux and
usually involves task types A, PCT2, AS, and C,le/droup 2, involving PCT1 and

A+ITS tasks, contains mostly company-based PA pedjoms (see Appendix G and
Table 6.2). In four cases, the information wassdficient for extraction of the type

of application preparation.

6.1.5 Task constraints

We found that, while performing a work task, the &t€ountered different types of
task constraintsAll told, 74 constraints were reported across Gdetask processes
(see Appendix G and Table 6.3). The most often @meved and reported constraints
were time limitations and problems related to intptions such as visitors, internal
meetings, and courses. They correspond to 47% obastraints reported (data were
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collected via the electronic diary and on-site obsgons). If we add the IT-related
problems to these, they correspond to 67% of alktraints. It may be noted that
interruptions due to visitors/colleagues comingitite room with some task to be

discussed accounted for 24%. Other constraints wests such as paying for
database access per minute/hour.

6.1.6 Task completion time for observed tasks {esafadays

Using the electronic diaries, we measured the ¢askpletion time for observed tasks
as a number of days and hours. It must be notedtbemplete patent work task may
take even 1.5-2 years before being completed ded &nd that our observations
cover only a small portion of this entire task dima The 54 task units observed
were grouped into two-day intervals, except for daynd day 2 (see Table 6.2,
below, which can also be found in Appendix G, akl&@®.4).

Table 6.2 Distribution of completion times (scale of dapg)number of tasks

Completion time (days) A PCTRCT2 A+ITS AS C X

1 1 3 4 0 3 0 11

2 10 2 4 2 2 7 27

3-4 2 5 0 3 0 0 33

5-6 0 1 0 2 0 0 17

7-8 0 0 0 2 0 0 14

9-10 0 1 0 0 0 0 9
Total no. of days 29 37 12 40 7 14 139

Average no. of days per task 2.2308 150 4.45 1.4@.002.57

% of total days 21 27 8 29 5 10 100

n = tasks 13 12 8 9 5 7 54

Task types A, C, and PCT2 have a large numberséitéinished within two days.
Task type PCT1 has a high score for 3—4 days. fygms A+ITS and PCT1 had the
highest average numbers of days used per taska(l53.1, respectively). The AS
and PCT2 task types had the lowest average scbresuid 1.5). These findings are
snapshots of IS&R within much longer tasks. Thererntsk from beginning to end
(i.e., to a filed patent application) takes muchger. For the AS task type, the short
duration is understandable since this task haatamil time limit (~4-6 hours). For a
PCT2 task, this is also explained by the fact ¢hBCT phase 2 task is a continuation
of PCT phase 1 with additional argumentation ants gvocessed more quickly

Table 6.3 Distribution of completion times (scale of houlbg) number of tasks

Completion time (hours A PCT1 PCTA+ITS AS C total
1-4 (2.5)* 4 (1*) 8(2) 3() 8(312(6) 3()
5-8 (6.5) 12(2) 22(3)33(6) 6(1) 6(1) 5(1) 14(1)
9-12 (10.5) 54(5) 12()0 9(1) O 0 7()
13-16 (14.5) 46 (3) 14(1)0 28(12) 0 0 6 (1)
17 —26 (21.5) 44 (2) 186 (7)0 90(4) O 0 13 (1)
Total hours 160 234 41 136 14 17 602
Average no. of hours/ftagk 12.31 19.50 5.12 15.1674.2.43 11.14
n tasks 13 12 8 9 4 7 54

* = Class midpoint, ** = Number of tasks
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6.1.7 Task completion time for observed tasks {eszighours

Secondly, we measured the number of hours useohtplete the task (making use of
the electronic diaries). In the present study, tgpke A (national application) has an
even distribution but a peak at nine to 12 hou&TPand A+ITS had a high score of
17 hours and higher, while PCT2 tasks had a highesof 1-8 hours. AS and C tasks
have a low score (1-8 hours) (see Table 6.3, aboteh can also be found in
Appendix G, as Table 6.5). We also found that t6d Pand A+ITS task types have
the highest average scores (19.5 and 15.11 hourtagle respectively). Again, it
must be noted that the observed numbers of hoynly aply to the IS&R activities
observed.

The task initiation is also the actual start of Wk task performed by the individual
patent engineer. The application is classified asglgnedo a department and then to
a specific patent engineer with knowledge in thecgr area of the patent
application, for handling of the task. In the prasgudy, we do not look at the users
on an individual level and their individual seekimghaviour; instead, we describe the
behaviour of the patent engineers as a group, ootparing individual actors.
However, some user-related aspects are presented.

After the assignment of patent applications, theeqtaengineer initiatepreparation

of the task. First, the PA rgeviewedand the PEeads the applicatiom order to get
acquainted with the specific task at hand, itsaopnd the scenario of the application.
The reading phase is identify the problem(s)to be addressed and to understand the
claims made in the patent application. When thelingaphase is completed, the
patent engineer initiates th@anning and structuringpf the work task, which also
involves the formulation ofrequirementsfor the handling process and how to
proceed.

6.1.8 Perceived overall work task difficulty orkdsiowledge

The PE’s perceivedvork task difficultiesare related to the perceived level of
difficulty of the work task. This involves a comgladvance estimation by the PE of
what needs to be done, how to do it, and what reseswone needs to use in order to
accomplish the task. We asked the patent enginleeise they engaged in a task, to
assess the difficulty of the task at hand. We mijgtished three different degrees of
perceived work task difficulty as shown in Tabld,6below (this table can also be
found in Appendix G, as Table 6.6). Data were abdd through the electronic diary.

Table 6.4 Distribution of perceived overall work task ddtilty (task knowledge) by
task type(n = 52)

Task knowledge A PCT1 PCT2 A+ITS AS C )y
Easy (E) 7 58 6 54 7 78 6 67 1 25 7 100 34 65
Difficult (D) 3 25 5 46 2 22 1 11 3 75 0 0 14 27
E/D 2 17 0 0 o0 0o 2 22 0 0 0 0 4 8
% 100 100 100 100 100 100 100

total 12 11 9 9 4 7 52
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Tasks were perceived as easy, difficult, or botbyeand difficult simultaneously.
Tasks perceived as having elements of both theaasyhe difficult were rare. PCT1
and AS tasks were seen as most difficult. For ARgqdassignments), the reason can
be that the application is written as a ‘pilot’ asdyenerally a short and freely written
application that offers very little information fase by the patent engineer. When the
work task was perceived as partially easy and gdbriilifficult, the reason was often
that the task involved two or more topics, withfeliént level of difficulty.

6.1.9 Task structuring

The data for the task structuring variable camemfréhe electronic diary,
observations, and post-task interviews. As a fistep in problem-solving
performance, the PE needs to get an overview oftdlsk. Tasks are carefully
structured and planned on the basis of formal duiele legal considerations;
effective work processes, involving the use of gmemelevant sources, collection of
appropriate reference material, etc.; and persex@grience. Task structuring can be
considered the first necessary step if one is talde to identify the information
needed on a detailed level when interpreting theahdext. Since the data analysed
come from the patent engineers’ own diaries, thr@wvans are based on subjective
understanding of how each task was handled. Therityapf the tasks observed (50
tasks) are structured; however, in some specifsegathe planning of the task was
unstructured. In Table 6.5 (which can also be fouméppendix G, as Table 6.7),
two main groups of tasks can be observed.

Table 6.5:Distribution (percentage) of task structuring bsktéype(n = 54)

Type of task structuring A PCPCT2A+ITSAS C
Structured 62 73 100 78 8000
Unstructured 23 9 0 22 20 0
Not classifiable 15 18 0 0 00
% 100 100 100 100 10Q00
n 13 11 9 9 57

Group 1 contained 20% or more unstructured tasB%o(r A, 22% for A+ITS, and
20% for AS), while Group 2 contained highly struetl tasks (73% for PCT1 tadks
and all PCT2 and C tasks).

6.1.10 Problem formulation

A patent application always involves a problem desion and a section that
describes the solution to that specific probleroppsed as a claim. We also analysed
the patent engineer’s ability to formulate the alleproblem to be handled on the
basis of the reading of the patent applicationaaich We asked the patent engineer to
describe (with the diary protocol) the formulatiohthe problem and, if possible, to
categorise it as a clear or muddled formulatiore ($able 6.6, which can also be
found in Appendix G, as Table 6.8). Data for thasiable were collected through the
electronic diary, during observations, and thropght-task interviews.

“8 The low score is due to a high level of unclaabif tasks.
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Table 6.6 Distribution of problem formulation clarity fonformation needed across
task typegn = 53)
Problem formulation clarity A PCT1 PCT2 AHITS AS C
Clear problem formulation 8 (67) 9(81) 7 (78)(33) 4 (80) 7 (100)
Muddled problem formulation 3(25) 2(19) 2(2Hm(56) 1(20) 0(0)
Clear/muddled problem formulation 1(8) 0(0) 0 ( 1(1) 0(0) 0(0)
Total 12 11 9 9 5 7

The data showed that in Group 1, task typdTS (33)had a rather low degree of
clear problem formulation, and GroupR (67), PCT2 (78), AS (80), PCT1 (82), and
C (100) involved clear problem formulation. One reasoa &+ITS task type had a

low degree of clear problem formulation could battpart of the ITS application

requires a more in-depth search.

6.1.11 The patent engineer’s domain knowledge

An important factor that may affect the patent Haagdprocess is whether the topics
of the patent application are fully or partly withihe scope of the patent engineer’s
knowledge domain. We found that the problem statdéraad solution suggested by
the applicant may encompass several topic areas.r@duires the patent engineer to
have knowledge in several subject areas or to t¢oslleagues or other sources to
cover these aspects before being able to comletask.

We classified the data into three levels of donkaiowledge: within one’s topic area,

outside one’s topic area, and partially within @anigpic area. In general, most of the
tasks (see Table 6.7, below, also reproduced ireAgix G, as Table 6.9) were not
entirely outside the patent engineer’s area of Kadge; an obvious reason for this is
that the engineers have been assigned the appficati the basis of their subject
knowledge in a specific area.

Table 6.7 Distribution of patent engineer domain knowletigeask typgn = 54)

Engineer domain knowledge A PCT1 PCT2 A+ITS AS C

A within one’s topic area (a) 39 36 100 89 40100

Outside one’s topic area (b) 46 28 0 11 40 O
Combination of within and outside one’s topic afegd 15 36 0 0 20 0
% 100 100 100 100 100100

Wholly or partially outside (b and c) 62 64 0 11 60 0

n=54 13 11 9 9 5 7

In the A task type, 62% of the tasks were consdig@atially or wholly outside the

PE’s subject area. Tasks of type PCT1 also hadradegree (64%) of being partially
or totally outside the PE’s subject knowledge, vili¢hout of 54 tasks (35%) requiring
some degree of knowledge outside the engineergedubrea. This partial or total
incompleteness or lack of domain knowledge wilkaffIS&R performance. For this
variable, the data were collected through the maat diary. When incompleteness
in data was recognised, we collected the missitg idaa later interview.
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Summary of the work task:

In this section, we summarise the results relaigeésearch question 1: What were the
effects of the work task features on the work taBki® section focuses on important
variables (described as variables 1la—1h in Se&i8phand the values identified for
them.

The type of patent task (1b in Section 3.3) wastifled to six different task types for
examination in our study.

The applicants (1a in Section 3.3) could be priyagesons or companies / other
organisations. However, the applicant may not abMag the one who prepared and
wrote the application. The preparation of an agpilkonn may be done by a private
person, a patent bureau, or a patent departmemnvetiarge organisation.

There are also, in real life, a series of work ¢@msts of various types (1g) that may
arise during the task performance process, suahtersuption, shortage of time, and
costs, among other things. The number of interomgtiobserved indicates that the
work environment is dynamic and multitasking.

Two time-related aspects (1h) (days and hours) weeerved, but they should be
considered in the light of the fact that the obagons were specific units, snapshots,
of the full process. We identified differences be@w task types and number of days
as well as hours. The average number of days wa$014.45, depending on task
type. The some patterns can be found in the hqeston tasks. On average, each
task took between 2.43 and 19.5 hours, dependineotask type. These differences
between tasks call for some consideration whenopk&nning for each type of task.

Our observations revealed that a work task involaesnultifaceted perspective
regarding the requirements for preparing and planrthe task. The procedure of
handling the patent application is rather formad éollows certain steps. We found
that a work task could be perceived not only aficdit or clear but also as partly
difficult (1f). This means that some parts of therkvtask may be performed or
resolved without difficulty and another portion wisome degree of difficulty. This
may not be reflected in work tasks judged to bé&atilt. When this is recognised,
efforts could be focused on enhancing handlindnefdifficult parts.

The patent engineers also structure the work tasB#ferent ways (1c). This seems
to some extent to be connected to the procedugces of the task resolution
performance rather than, for example, to topicatpdure.

Next, we found that the formulation of the ovenatbblem (1d) to be solved was
done in a clear way, except for one task type (/&H|Tin which the problem
formulation tended to be unclear, which may be edusy the fact that this task type
involves no national patent applications.

When investigating the patent engineer’s topic kiedge (1e), we found that tasks
might be either within or outside the PE’s subjacta. However, we also found a
third group, including knowledge both within andrigly outside the PE’s topic

area. This is because a task may include severa émeas, some known and some
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not well known. This result is, of course, impotiasince this will acknowledge that
we may need to differentiate between separateqmsrdf a more complex topic.

We also recognised that the goals of the work tagkde how work tasks may be
interpreted and performed. When examining the goaés could group them into
three different levels: organisational, group, amdividual level. On the individual
level, the most important goals are to do with peeat services in the form of
high-quality searches and giving customers faiggrdents. At the group level, more
strategic issues become important, such as prayidiformation and knowledge to
the applicant, as well as protection. At this letieé patent engineers also gave voice
to the necessity of working to develop praxis off@ening the judgements. At the
organisational level, the goals are very formal hade political and socio-economic
aspects. How these levels of goals interact arettathe patent handling process is
important. However, the focus we chose for theighssnot on user behaviour and
cognitive elements, though these may be a foctistafe studies.

6.1.12 User effort — collaboration

The data from the on-site observations showed twdiaborative information
handling activities were performed during the tgsérformance process. Nine
participants performed one task each, while padicis 2, 3, and 4 performed two
tasks each. In total, 12 tasks were observed. iatiidual task usually took 1-5
days to complefé. As to how collaboration activities occurred dgritS&R
processes, we found two main categories of colktha activities: document- and
human-related. The former means collaborative giets/that are based on documents
and textual information and may involve creatingr@using documents (electronic
or paper-based), such as ‘working notes’ that nayain information about search
strategy, query terms, and classification codesn&turelated collaborative activities
involve sharing knowledge between humans direethgmples are asking colleagues
internally and externally for advice and expertriqns.

A mean of nearly 13 collaborative activities pesktavas observed (see Appendix G’s
Table 6.10). Both document-related (mean: 8.3 agk)tand human-related (4.6 per
task) activities were performed. This is a fairighhnumber of events. In tasks 2, 5, 6,
8, 9, and 10, in total, 15-20 collaborative evemé&se observed, which points to a
dynamic and interactive information handling pracékasks 1, 4, 5, 6, and 8 show a
50% or greater share of document-based collabaratio comparison to the
human-related, while tasks 2, 3, 9, and 11 shovingnmal but significant bias toward
human-related CIR events.

Summary of the collaboration:

These results are related to research questiorow. &te collaborative information
retrieval activities manifested within and over tmeirse of the IS&R task performance
process? We uncovered a very important aspect efI8&R activities in that
collaborative information handling activities wetetected, shown as being frequent
and important for task performance. Chapter 8 aseseour question 7 in more detalil.

“9 Details of this methodology, analysis, and momame@hensive description of the study are presented
by Hansen and Jarvelin (2005) in ‘Collaborativeinfation retrieval in an information-intensive
domain’, ininformation Processing and Managem¢mM), 41(5), pp. 1101-1119 (Sep.).
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6.2 Information seeking and retrieval task performee

After the initial structuring and planning, the BRarts thepreparationsfor the
information seeking task performanpeocess. The first decision might bectllect
complementary informatiorFor example, the PA contains many referenceghero
patents, research articles, state-of-the-art dontsnéooks, images and figures, etc.
to which the applicant relates the present appdinadnd its claims as motivation for
them. Most of these documents are necessary t@ ghapcontent of the problem at
hand.

When the information is collected, the PE readsdibeuments to enhance his or her
understanding of the probleand problem area and to identify the problem(s) an
claims made. The goal is identify the information neeth order to resolve the
patent application task. Theformation need formulatiostage involves the process
of describing the identified need and specific ¢bods for further processing. This
also includes theepresentatiorof the information need. The next stage isdentify
relevant and appropriate sourcés use.

This phase involves a set of categories of varsaliated to the two main stages in
the task performance phase: information seeking iafafmation retrieval. These
categories of variables include information need/g8ables), source selection (3),
query formulation (6), and relevance judgement E&ch category will be described
in detail below.

Information need

The category of information need proved to incledenplex aspects of IS&R. We
recorded eight separate aspects during the padmailing performance. This section
is concerned with our research question 2, invgline effects of the work task
features on the information need utilised. It isli@dsed through subsections 6.2.1 to
6.2.8 as follows: the perceived and planned infoionaneed (6.2.1 and 6.2.2,
respectively), the aspect of information need ckaitg2.3), and the decomposition of
the information need (6.3.4). Other variables wexpression of the information need
as single or multiple needs (6.2.5) or in narratfeem (6.2.6); PA document
components needed for information need formulaf@B.7); and, finally, the type of
information needed (6.2.8).

6.2.1 Perceived information need

The aspect of perceived information need is reldtedhe level of clarity and
structure of the perceived information need in gan of the task — that is, what
information to search for. The data for this valealere collected through electronic
diaries and complementary post-task interviews. Jdreeived information need was
categorised in terms of the following two binaryrighles: structured/unstructured
and clear/unclear (see Appendix G’s Table 6.11usTariables were divided into
four value pairs:structured/clear(sc), structured/unclear(su), unstructured/clear
(uc), andunstructured/unclearuu). These pairs were grouped into two sets: a)
perceived information need that was clear and &tred (sc) and b) a second set,
containing all statements involving some kind otlear or unstructured perceived
information need.
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The first group, with its three task types (A+IT5S, and A), involved a rather low
level of clarity. The second group (task types PCHCT2, and C) had the opposite
distribution: a high percentage (79% of all struetliclear tasks) of structured and
clear perceived information needs. The reasonhigrdould be that an assigned task
may be somewhat ‘muddled’ in its characteristicsl ot very focused or well
described. In the case of the A+ITS tasks, it mightbecause the applications are
internationally filed, which may mean that the iaitpart of the patent handling
process may have been performed at SPRO, rendénagentially problematic to
‘catch up with’ the problem-solving task.

6.2.2 Planning related to information needs

The next information need variable has to do wité information need structuring.
Through the diaries from the patent engineers, ategorised the statements about
what the structuring of information need was abawgtording to a) the purpose in
grouping of topics and selection of sources andmioye procedural issues (see
Appendix G’s Table 6.12). Task types PCT1, PCTZ] @& had a high level of
structured planning activities, while A and A+ITSach a very high level of
unstructured planning of the information need. émyal, this result means that there
was not a great difference between what the enginaeticipated and what they
actually did. The reason may be that the work taskgeneral follow a routine
procedure at that stage.

6.2.3 Change in information needs

When describing their search activities, patentirexgys occasionally reported that
their information need had changed during the m®cAs can be seen in Table 6.8,
below, changes in information need were frequemtade in two task types (A and
A+ITS) while in four types of tasks there was ntbimation need change at all (see
also Appendix G, where these data are presentédlds 6.13).

Table 6.8 Distribution of change of information need bykiagpe (n = 47)

Information need changé A PCTPCT2 A+ITS AS C
Change 38 0 0 75 0 0

No change 62 100 100 25 100100

n = tasks 13 11 9 8 5 1

% 100 100 100 100 100100

Most of the changes were found with A+ITS tasks%y5n the course of the task
process. In total, 11 tasks, or 23% of all taskseoled, featured information need
changes. The stability of the information need nipend on a complex and
multifaceted problem/topic to be solved. The obaton here shows that the
searchers clearly make changes to their informatieed during the process in real
life. This should be considered in interpretatiémhe results of experimental research
in the IS&R field.
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6.2.4 Decomposition of information needs

It was observed rather frequently that the patewgfireers ofterbroke downtheir
information needs. This is discussed next. In shigly, we have identified two types
of information need decomposition: one is relateduch elements as the structure of
the information need (terms, classification codasd topic(s)), and the other is
related to the overall search task process (dng.performance of the task at hand).
The data for this variable were collected primathyough the electronic diary and
log files.

In the former case, the decomposition can be egpdess pre-designing several
subsets of search sessions containing specific ibatidins or separations of topics
and terms/codes (example: ‘For component X, | usk the following keywords and
classification codes with distance operators andcation [...] and for component Y
I will only use classification codes’).

Information need decomposition related to overadireh task performance refers to
the planning and structuring of the search proaessmay involve the order in which
to execute certain searches, in what order ceiaurces should be used, etc.
(example: ‘First | will read all the previous docentation and then maybe ask
colleague X since she is an expert regarding coemovi. Then | will search for the
X component in sources 1+2 and then | will seamhtiie Y component in sources
1+3'.). In Table 6.9, below (also in Appendix G, Bable 6.14), we can see that the
distribution of information need decomposition wakated to the specific task type in
guestion.

Table 6.9 Distribution of information need decompositionthgk typgn = 36)
Information need decompaosition A PCT1 PCT2 A+ITS AS C
% of information need decompositions

related to overall search task 100~ 27 0 50 50 0
performance
n = tasks 12 11 2 8 2 1

% of information need decompositions100 100 100 100 100 100
related to the information need
n = tasks 12 11 2 8 2 1

Legend: * = Percentage

In all tasks, the information need was itemisedeast one of the two observed
alternatives. All tasks were broken down in relatio structured information need. In
relation to search task performance, this was ebdgemainly in the A task (100%)
and A+ITS task (50%). In the PCT2 task, no decontiposrelated to the search task
was found.

6.2.5 Expressed information need as single or plalieeds

We found (through electronic diaries) that PEs’resped information needs could be
categorised as a) a single expressed need or &) @& $multiple) needs (see Table
6.10, below, also found in Appendix G, as Tablek.Multiple information needs

were either stated in the beginning or expressedsexjuence during the information
handling process. When multiple information nee@serexpressed in the beginning,
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they were related to different identified aspectd problem areas of the application
that needed to be resolved. When multiple inforomatheeds were expressed
sequentially, that was usually either a result okwly identified problematic aspect
or a consequence of the resolution of the previoizssmation need. The expression
of multiple information needs could be viewed as aspect of the complexity of the
task.

Table 6.10 Distribution of information need expression asrtask type in terms of
single or multiple information needs statad 44)

Expressed information need as
single or multiple need A PCT1 PCT2 AHITS AS C

Single 0 30 0 11 0100
Multiple 100 70 100 89 100 O
n = tasks 13 10 2 9 3 7

Only a few tasks included just a single informati@ed. All but one task type (the C
task) featured information needs as multiple ne€lis is a very interesting result, as
not only are there several information needs esgesvithin a single search task but
also, when these different information needs haentsatisfied, their outcome must
be integrated and merged into a final solutiorhefproblem.

6.2.6 Expressed information need as a narrative

The information need was described in two wayshm ¢lectronic diary during the
task performance process: in a narrative manner iandon-narrative form. By

‘narrative’, we mean a fluent description contagnikey words and concepts
integrated in one or more sentences. These sestarméd describe the overall
problem and sub-problems that need attention. Tbe-narrative expression is
basically elements such as single terms and coolesatessarily connected to each
other or to any descriptive context.

The only task type that showed high use of a nomatige way of describing the
information need was the A+ITS task. This implieattthere is a need to embed the
keywords, facts, and concepts within a larger cdnteorder to be understandable.

6.2.7 PA document components needed for formulatfdhe information need

To make a satisfactory formulation of the inforroatneed, the patent engineer must
make use of the information contained in the pasgpglication (see Appendix G’s
Table 6.16). The data for this variable were codlddhrough electronic diaries. In all
of the cases observed, the whole PA was used thootighe process of reading the
application. In the next step, specific parts & tlocument are considered, depending
on the application. The components pointed outngsortant were sections (e.g.,
abstract, description, and claims), referencesjgeclassification codes, and images.

For this variable, internal analysis (within alk $ypes of tasks) was done, since the
variable covered several values and each task doaldde one or more of these
values. In task type PCTL1, all components except réference component are
important for the formulation of the informationetg and in task type PCT2, terms
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were not important. The classification code compoinethe component used most in
five of the six task types.

6.2.8 Type of information needed

Next, during the observations and through the eaat diaries, we found that there
were three types of information needed. The ansnayr essentially be found, firstly,
in the text (T); secondly, in an image (l); orrthy, both as text and in images (T/1).

Depending on a) the type of application and b)totsic, as well as c) the type of
problem to be solved, the information needed cheldound in either text or images,
or both. On the basis of our limited units of olvagion of the entire patent task, we
may identify one group of tasks that involved ahhrgquirement of both text and
image elements (namely, PCT1, PCT2, and AS). Fer Ahtask type, text was

important, while task type A+ITS had an even duttion among all of the various

alternatives of required information types.

Summary of the information need:

In this section, we present important findings tediao research question 2: What are
the effects of the work task features on the deasmipn and formulation of the
information need? Careful structuring (2b in Setti@.3) of the task and
consideration of the types of information neededpmarformed.

The perceived information need (2a in Section &a8) be both structured and clear or
unclear plus unstructured, as well as combinattbeseof. This finding is related to
formulation of the problem (1d in Section 3.3) asftbws that several degrees of
perceived information need are to be considered thedefore, this may also have an
effect on overall task performance.

Most interestingly, we observed that there wergegailarge number of changes (2¢)
of the information need during the course of tharde task: 23% of the searches
featured information need changes. That the infdtonaneed actually can change is
seldom accounted for in IR experiments.

Another very interesting finding was that the imi@tion need was itemised (2d).
Further to that, we found that the patent engingendormed different types of
decomposition. One was related to a) the overatcbetask performance and the
other b) to the information need itself.

We also noticed that the information need couleekgressed as either a single need
or multiple needs (2e). The information need cal&b be stated in the beginning or

as part of the ongoing information handling proc83serefore, we can state that in

some situations, there is amolvinginformation need. This is clearly a situation that
deviates from the traditional viewpoint from whittte information need is stated as a
stable entity at the start and remains stable tirout the search session. Within the
patent domain, we found that the information nemaddbe expressed as single terms
or codes (2g) or as a narrative (a description).(2h
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We also recognised that the patent engineers’ reapeints, in the type of information
(text, image, or a combination) they needed tasBatheir information need, varied

(29).

Source selection:

In this section, we are concerned with our reseguastion 3, on the effects of the

work task features on the source utilised. It Wmdladdressed from Subsection 6.2.9 to
Subsection 6.2.11. The information retrieval precbegins, in this case, when an

electronic source is selected and accessed. Ferptitipose, the patent engineer
utilises both internal/in-house-created databased external sources such as
commercial patent databases (and other commemiatas — e.g., STN and Dialog).

Three elements were observed and analysed: the aranolb sources selected (see
Subsection 6.2.9) source type(s) (6.2.10), andceoaontent type(s) (6.2.11). The
data for these variables were collected throughd#seriptive fields in the electronic

diaries and through the attached log files.

6.2.9 Number of sources selected

After the first preparations, the patent enginearts to select a source. We observed
that usually several sources were used. We mawglissh two patterns: one group
involving a low number of sources selected (PCT#@ &) and a second group
showing a high number (see Appendix G’s Table 6.T&sk types A and A+ITS
showed an especially high number of sources uswdeXample, the patent engineers
use 5-6 information sources in order to solve tiodlpm.

6.2.10 Source types and their combination

In their IS&R task performance, the patent enginersed three types of information
sources: paper-based (P), such as lexicons andndides; human sources (H); and
electronic information sources (E), such as IR esyst and classification code
schemata (see Table 6.11, below, also in Appendas@able 6.18).

Table 6.11:Distribution of source type selection by task type 54)

Source type A PCTIPCT2 A+ITS AS C

P 3 7 10

H 0

E 3 3 5 1 1 13

PH 1 1

HE 2 2

PE 2 2 3 2 9

PHE 6 6 5 2 19

Total/avg. source types per ta@0/2.2325/2.2710/1.1122/2.4411/2.207/1.00

# tasks 13 11 9 9 5 7 54

Legend: P = Paper-based source; H = Human soured|Ectronic source

These may be used in combination or as individaatces. When two source types
are indicated (e.g., ‘PH’ or ‘PE’), this means thab source types were used in the
task, and ‘PHE’ denotes that all three source typeie used in a single task. Each
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source type is counted as ‘1’. So, for examplehecase of the A task type, the sum
29 is the result of 3 1(E) + 2x 2 (HE) + 2x 2 (PE) + 3x 6 (PHE).

The mainstream IR viewpoint usually only takes intmsideration the use of one
(electronic) source. However, real-life searchimgvps this to be invalid when
electronic but also human and paper-based soureeavailable in the information
seeking situation. Task types C and PCT2 showe lidtl no combination of source
types, while A, PCT1, A+ITS, and AS have a highember of combinations.

6.2.11 Source content type

The different sources used at SPRO had differggastyf content. Electronic sources
might be, for example, patent databases, IPC @lzstsdn systems, full-text
applications, and image search. Paper-based samaesontain, for example, patent
applications, images, and other patent-related meots, while human sources
contribute with expert knowledge of search straggknowledge of specific topic
areas, an awareness of specific content in cenpaitent documents, etc. PEs
performing tasks of types PCT2, AS, and C usedwaramber of source content
types, while task types A, PCT1, and A+ITS showddgh level of use of different
content types (see Appendix G's Table 6.19).

Sources with ‘full text’ are clearly the most impat content type, followed by the
classification code, abstracts, and then imagedP@r1 and PCT2). Furthermore, we
observed a strong relationship between contenstyWhen classification codes were
considered important, the abstract co-occurreana®itant. This was observed in 23
of the 54 tasks observed. The same relation wasreods$ between classification
codes and images (in 20 of the 54 tasks). It sHowsimportant different document
components are in the final part of the patent haggbrocess.

Source summary:

We now consider important findings related to agearch question 3: What are the
effects of the work task features on the typesoafees and source content used? The
patent engineers utilised multiple sources (3adatitn 3.3) as well as various types
of sources (3b) during a work task performancey tmade use of various types of
sources — paper-based ones (lexicons, dictiondraexks, etc.) and both human and
electronic information sources (such as IR systantsclassification code schemata)
— in order to accomplish their problem-solving taSke number of sources used per
task ranged from one to six. Patent engineers @sabined sources throughout the
task performance process. The mainstream IR view@dmost always assumes that
only one source is used in the search processevdaVeral are used in reality.
Thirdly, we found that in addition to selectingfdifent sources, a patent engineer
used different types of content: classification emdfull text, abstracts, and images,
depending on task type.

Query formulation

In this section, we are concerned with our resegrgstion 4, on the effects of the
work task features on the query formulation. laglressed through sections 6.2.12 to
6.2.17. Generally, the information retrieval pracssarts when the source is selected
and a query is formulated. Tlygiery formulation and reformulatiophase involves
the iterative formulation and reformulation of timéormation need identified. In the
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study, we covered six aspects of query formulatidre first two are the number of
expressed terms (6.2.12) and of query elementsl®,2The number of synonyms
(6.2.14) and that of classification codes (6.2.45¢d were observed. Finally, we
considered the number of terms per query (6.2.1%) eombinations of search
elements within a query (6.2.17). Data relatednsé aspects of query formulation
were gathered through electronic diaries and \eaattached log files.

6.2.12 Number of unique terms expressed

For execution of the problem-solving task, the infation need was expressed, for
example, by means of terms. The number of termsinthyate the complexity of the
task at hand. For task types PCT2 and C, there meedata reported. First the terms
were calculated for each type of task (see Appe@diXable 6.20).

The A task type had 13 tasks, and, all told, 8@uaiterms were expressed
for these tasks. The average number of expressadhséerms per task was then
calculated. Two task types have a rather low s¢bBe-4.7) for the number of unique
expressed terms (PCT1 and AS), while another twar{é A+ITS) feature a higher
number (6.2-8.1) of expressed unique terms per. fHs& A+ITS task has almost
twice as many terms expressing the information neeor to the search as the
assignment and the PCTL1 tasks do (again, it mustrbssed that we monitored only
sub-units of the entire task process of each taskg.reason for this may be that in
the case of the AS task type, prior search termg afr@ady have been identified,
with the patent engineer only using them becausbeotharacter of the AS task type,
while the A and A+ITS tasks need more careful bamkgd work before entry in the
search system, on account of the complexity otdkk types.

6.2.13 Number of types of query elements

We found that not only terms were used. Codes, meat IDs, dates, etc. were used
too. The most frequently used query elements werad’, synonyms, classification
codes, and document ID. They all were used in tgsés A, PCT1, A+ITS, and AS.
Furthermore, year, country, and structure searck weed in A, A+ITS, and PCT1.

No data exist for task types PCT2 and C, sinceas wot possible to collect log

information from these searches. Not surprisingligen counting co-occurrences of
elements, we found a strong relationship betweengend classification codes. In
30 of the 34 tasks, they co-existed. This may mtgichat a multifaceted approach is
used in the patent domain.

6.2.14 Number of synonyms and terms per session

Synonyms were often expressed in diaries in cororeetith the terms used. Task
type A+ITS shows an interestingly high level of sggm usage (see Appendix G,
Table 6.21). With these added to the terms usexlatlerage is almost 20 search
expressions per session. This is more than twiteghsas within A tasks (8,25). One
explanation might be that the A+ITS is a more caxrplask, involving multiple

¥ Here, the use of the word ‘term’ covers both tefram a thesaurus and free keywords. The two
have not been separated in our study.
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topics, and that the ITS applications come fronerimational applicants so the patent
engineer needs to recheck prior searches and igatsnhs. For practical reasons (the
investigator did not have access to the log dakes),data from PCT2 and C tasks
could not be collected and analysed.

6.2.15 Number of terms per query string

Furthermore, we investigated the average numbeguefy terms per query string (see
Appendix G’s Table 6.22). Said data were colledtedugh the attached log files;
however, no data for task type PCT2 or C could l@ained. A query string is here
defined as the number of terms (composed of chengctirst, we calculated average
terms used per query string and then the averageuof query strings per session.
Task type A+ITS showed, overall, a higher numbeteains used, on average, during
each session. The reason for this can be fourfthirtite A task has an ITS added and
that a second, more thorough and in-depth, seaush loe done.

6.2.16 Combination of types of search elementsiwahguery

In a domain-specific setting, the use of differgmies of search elements is common,
as iscombinationof these elements. In this section, we deal vighlatter. We found
that the patent engineers did combine differenesypf elements. The data were
collected from multiple sessions from within eadhthe 34 individual tasks, and the
distribution of the combinations can be seen inl@&®3 (in Appendix G).

The figures were calculated in the following wayrsg we defined different types of

guery elements. For example, reference to singlmehts indicates use of a single
term, and double terms or codes mean that two oe teoms or classifications codes
have been used in a query. We then calculatedcalireences of all elements in a
search session. The occurrences of the elemenésthem divided by the number of

tasks; for example, for the use of two (doublejntror codes in task type A, we
found an average of 12.8 (10 tasks). Finally, #wege of occurrences of the most
important elements is presented. PCT2 and C dbangt any data, the reason for this
being that it was not possible to acquire thosa ffain SPRO.

We found that the patent engineers did use diftegyaery components and that they
were combined in different ways for different tagges. We observed a high level of
usage of double terms or codes in queries for A R@nd A+ITS tasks (49%, 42%,
and 37%, respectively). The AS task type showedwalével of double term/code
usage. One possible interpretation of the distidubf AS tasks is that these patent
applications require thorough investigation. Tharey have been no prior
investigation of these; therefore, some queries b@eover more than one topic area.

Task type AS (29%) showed a rather high level oflocmation of terms and
classification codes. In this case, the patentrexeys wanted to cover both a specific
area and a term used in that specific topic areaveier, the dataset was too small
for any significant conclusions. Document ID in dmration with classification code
was used in 20% of PCT1 tasks. Furthermore, citadithents were commonly used
in task type AS (29%). Finally, a combination afnts and structures (e.g., chemical
structures) was used in 20% of the A-ITS tasks. dis&ibution points to chemical
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structures usually occurring in patent applicatidmst have international coverage
(ITS). However, these results are only indicata®the dataset was small.

If we look at only the use of a single term or cofléasks had 166 occurrences in 10
tasks, for an average of 16.6 per task; PCT1 haarage of 15.6 terms or codes per
task; and on the low side we find task type AShwik terms or codes per task.

6.2.17 Number of unique classification codes

Usually, search terms or keywords are used as geptations of the information
need. However, in certain domains, other typegpfasentations may be used. When
analysing data collected from the log files, werfduhat within the patent domain,
classification codes were widely used in the epHgses of search performance (see
Appendix G’s Table 6.24).

Task types A, PCT1, A+ITS, and AS all fell into trenge of having 4-5 unique
classification codes in the queries per task. Nezage was 4.4 for all tasks. It must
be noted that the same classification code maysbd several times in combinations
with other classification codes. This could meaat the use of classification codes is
a general tool for capturing relevant sub-domaorsfirther in-depth searching. The
PCT2 and C tasks did not result in any data. Usa lafrge number of classification
codes may indicate that the task to be resolvedidhme considered multifaceted.

Summary of query formulation:
In this section, we present findings related teaesh question 4, considering what
the effects of the work task features on query fdation are.

We found the number of unique expressed termsn4ection 3.3) per task to vary
between 4.3 and 8.1 across task types. The groinp8ai terms was more varied in
topic and complexity (truncation etc.). The averagmber of terms divided by terms
per session varied between 3.3 and 11.8. Agaime thvas a wide range observed.
This shows that real-life query formulations arenptex and involve multiple unique

terms in task completion.

Besides unique terms, synonyms were frequent. Tingber of synonyms used (4c)
varies between 0.7 and 8.1 per session acrossdtitfeask types. This shows that, in
some cases, different aspects of the terms useziseeght.

The number of terms per query string showed vanabetween 1.6 and 4.1 (4d), and
the average number of search strings per sessig®\8do0 11.4.

We also found large variation in the combinatiomoéry elements used, by task type
(4e). Most often used were double terms or doubties, term and code together and
cited materials.

Finally, classification codes (4f) were often us@&tis indicates that several topics
were involved or that some topics needed to bekatewithin other topic areas.
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Relevance judgement and search outcome

In this section, we are concerned with our reseguastion 5, on the effects of the
work task features on the relevance judgementsadli This issue is addressed
through sections 6.2.18 to 6.2.21.

The outcome of the searchjiglged for relevanceRelevance judgements are usually
related to the retrieval stage and measured ireatoanection with a search session.
We wanted to investigate how and when relevangedged in a real-life patent
handling situation. Four angles were observed, rogethe type of relevance
judgement applied (6.2.19) and when the RJ waseap($.2.18), as well as what was
judged for relevance (6.2.20) and how it was jud@ed.21). The data for describing
these aspects were collected from electronic diaagewell as from the attached and
annotated log files.

6.2.18 Relevance: Relevance judgements in TPPsstage

Relevance judgements (RJ) are one focus in IR reselaut we may also find RJs in
information seeking, outside the IR domain. Usyalglevance judgements made in
the task initiation (TI) and information seekinghastages are not recognised (see
Table 6.12, below, also in Appendix G, as Tablép.2Vhen the RJ is made during
the Tl or IST stage, the patent engineer judgeslestthat were suggested as readings
or documents belonging to the area of the curraterp application that had been
recommended or assigned to the current patent dauas relevant reading or as
updates.

Table 6.12 Distribution of the stage of RJ by task typeemts of numbers of

relevance judgements made during task stages
Relevance: Relevance judgements in TP®taskPCT1PCT2A+ITS AS C task Total

stages % % % % % % %
Tl stage
(e.g., task initiation and preparation) 6 13 9 718 0 9
IST stage

(e.g., information .gatherln.g (such as 15 9 9 7 20 0 11
human—human information need
formulation and source selection)

IRT stage
(e.g., query formulation or relevance| 79 78 82 87 67 100 80
judgement)
TI+IST total 21% 22%18% 14% 33% 0 20%
n (judgements) 33 23 11 15 15 7 104
n (tasks) 13 11 9 9 5 7 54

Legend: Tl = Task initiation stage; IST = Infornmatiseeking task stage; IRT = Information retrieaak stage

Not surprisingly, the relevance judgement is modtipe in the information retrieval
task stage (67—100% for all task typésThe 54 tasks observed also revealed that
RJs also were made in the Tl stage and the ISTephmagotal, 11% of the RJs were
made in the IST stage and 9% at the Tl stage;ish&0% of the RJ work was done
outside the traditional IR phase. This shows tlesrd are variations in the RJ

*L Note that in one task, relevance judgements candzie in all three phases and, therefore, the total
number of phases in which judgements have been cadbe 3.
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performance, depending on the tasks. Relevancesinegts made at the start of a
work task and even during the task performancega®affect the overall process.

6.2.19 Relevance: Applications of relevance judgesie

Based on the data from on-site observations, wédcmientify two categories of
relevance judgement tactics. We denoted them as ‘dbquenced relevance
judgements’ and ‘aggregated relevance judgements’.

Sequenced relevance judgements

By our term ‘sequenced’, we refer to a documenseairof documents being judged
for relevance continuously in the search task meck this situation, the document
was read at each stage when retrieved in moressidietail, for decision on whether it
would be used in the end. This activity also inelsidhe possibility of the relevance
judgement being saved and used to give the acter inrmation, such as new
keywords or information about classification codes,use in a subsequent query.

Aggregated relevance judgements
In ‘aggregated relevance judgement’, one or mote gledocuments are saved by the
actors (PEs) during the information search procébss tactic usually involves a
two-step process. Typically, the document setssaneed/stored after each search
session in order to be judged a second time inte, léinal relevance judgement
session. During the search process, each querg cofect (but not always) create a
set of documents that at the end of the searchepsoare judged for relevance.
Usually, when the actor makes a query and retriavest of document objects, this
set may be saved in at least one of the followlmge graded ways:
a) Itis saved/stored as it was retrieved, if srmatlugh (1-2 documents)
b) The set is saved/stored, containing a selectid-10 documents with only a
less close inspection (often only title)
c) The set of documents is saved/stored on thes lodisiloser inspection of the
resulting set (usually with full bibliographic immation, including the
abstract)

These three aspects of aggregated relevance judgemeee found in our study. At
the end of the search task, all documents saveedstoere read and judged for final
relevance, for decision on whether any of the dants could be used against the
patent application.

Table 6.13 Distribution of relevance judgement strategy eailon by task typén = 52)

A % PCT1% PCT2 % A+ITS % AS % C %

Sequenced relevance judgemebh8 100 4 28 0 O 7 100 4 80 O 0

Aggregated relevance judgemenit® 92 11 100 9 100 7 100 3 60 7 100
n = tasks 13 11 9 7 5 7

Table 6.13, above (also Table 6.26 in AppendixgBpws that, in some cases, the PE
used both relevance judgement tactics during thdompeance. Task types A
(100%/92%), PCT1 (28%/100%), and A+ITS (100%/100&s6pecially evidence
combination of the two relevance judgement tacéggregated relevance judgement
was made mostly in PCT1, PCT2, and C tasks (100&&aam of them). One category
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of patent application tasks required only one kafdelevance judgements before
being completed, while others required more stéfist@ring procedures. When there
was a multi-session task, relevance judgements ugerally made for each session.

6.2.20 Relevance: Elements judged to be relevant

During the relevance judgement, the PEs pointeddifterent elements in the
document that were important for the relevance gmagnt process, such as the
summary, figures, claims, description, terms, d@&sgion codes, references, and
bibliographic information, as shown in Table 6.hdlow (Appendix G’s Table 6.27).

Table 6.14 Distribution (%) of types of document elementdgad for relevance
across task typ@ = 52)

Types of document elements used A% PCT1 % PCT2 % A+ITS %AS ¥ C %
Summary 16 24 17 18 17 55

Full figure or part of figure 21 17 26 18 17 11
Claim 16 13 20 14 17 55
Description 16 24 20 21 25 5.5
Term 10 11 0 11 0 0

Classification code 14 6 2 14 17 39

Reference 7 2 15 4 8 34

Bibliographic 0 2 0 0 0 O

100 100 100 100 100 100

n=22171 46 46 28 12 18

Average number of components judged per 5.46 4.18 5.11 4.00 2.40 2.57

n=52 (tasks) 13 11 9 7 5 7

We found that different elements of patent docusiemére used. In total, 221
elements were recorded. Task types A, PCT1, and2PsBiowed a varied usage of
elements. The national task type, A, also had ijedst average number of elements
used per task (5.46), and the lowest score wasfeee¢ask type AS, with an average
of 2.40. Overall, these results imply varied ananptex usage of what is judged
relevant or on what basis the RJ is done. Summdigeses, claims, and descriptions
were involved especially frequently in the relevanedgements. The analysis shows
how important these document elements are in tied part of the patent handling
process. It also shows that the types of text jddgkeen a PE is resolving a task are
rather diverse. Usually, in a general IR evaluattontext, only one type of text is
used for RJs. One consequence for general IR diw@aiuaould be that both the
dataset design and the evaluation criteria and unesishould be commensurate with
such a situation. Further, we found that certaemelnts are frequently used for
judgement: for PCT1, ‘summary’ and ‘descriptior PCT2, ‘claim’ and ‘description’.

6.2.21 Relevance: RJ degrees in the various tyjesks

The final aspect we observed when dealing with &lserns the combination of
categories or ‘degrees’ of RJ. The purpose was¢dhew many instances of RJ were
made. The patent engineers judged retrieved dodsnagjainst a predefined set of
criteria (X, y, a, z, and &, among others). Seesgabon 5.4.1 for a more detailed
description of the relevance judgement categofiksse criteria correspond to certain
relevance definitions according to a) how well thecument at hand matches the
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information need and b) in what way the document loa judged to be part of the
solution and of completion of the task. We caledathe average number of RJ
degrees used for a task. Task types A and A+IT®st@ high number of relevance
judgements per task (9.2 and 9.00).

Summary of relevance judgement:
This section presents findings related to resequestion 5: What are the effects of
the work task features on relevance judgement paence?

The most interesting aspect observed and analysesl the different relevance
judgement ‘tactics’ the patent engineers employseljuenced relevance judgemeénts
and ‘aggregated relevance judgemeérgtb in Section 3.3). Many tasks involved both
of these tactics and therefore a more complex agle¥ situation arose.

We also found that relevance is judged not onlganjunction with the information
retrieval phase; rather, it is judged, more or,lesall phases of the IS&R performance
process (5a). Relevance judgements are mostly idothe information retrieval task
stage (between 67 and 100% for each task type).eMeny the empirical study
revealed that 20% of the relevance judgements werde outside the traditional IR
phase. This means that in real-life situationstaterjudgements have already been
performed before those normally considered thd’ ‘reevance judgements.

On average, 1-5.3 relevance judgements were ma@adb task. In cases where only
one relevance judgement was made, this might lagagregated relevance judgement.

We also found that different document elements &k judged for relevance. Most
judged were ‘summary’ and ‘description’ (PCT1);dich’ and ‘description’ (PCT2);
and, finally, for task type C, ‘classification codé&his finding also points to the fact
that different portions of a document are beingygd] depending on the task type.

The average number of relevance judgement dedgbd@pér task ranged from two to
9.2, indicating that some tasks are more varied thlaers. This empirical finding shows
that real-life tasks involve more variation in relace judgements that anticipated.

6.3  The task completion stage - information use

This section addresses research question 6, aeffads of the work task features on
the information use judgement. Subsections 6.36L3@® deal with this issue.

A major aspect of a work task is thesk completiorphase. This phase may involve
compiling and extracting information from the redev retrieved documents. On the
basis of the relevance assessment procedure, tiwet gmgineer makes a decision or
creates a solution regarding the present patericappn. The decision is formally
written as an answer to the applicant in the fofra ceport. The retrieved documents
are used ipreparation of various reports, according to thpegyof PA Depending on
the type of PA, the PA may go back to tgplicant for revision When a revised
version is submitted to the patent office, the PWlergoes amspection Finally, when
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the applicant and the patent office have agreeld @ath other, public announcement
of patentis performed and the patenfiled nationally and internationally

Two variables are reported on here: the typeslet{®nic) information sources used
(6.3.1) and the types of information componentsdu&e3.2). Detailed description
from the electronic diaries and annotated log filesvided data for these variables.

6.3.1 Types of information sources used

For completion of the task, different types of imf@tion were used. In our study, we
found the following types of information sourceseds patent applications, journal

articles Web pages, images, classification codersata (such as the IPC), and
bibliographic information (see Appendix G's Table2® which presents the

percentage of tasks of each PA type using eachcsotype). Often several

information source types were used for finalising task. Six types of electronic
sources were identified. These were used on 13&samts during the 54 patent tasks
monitored. It must again be noted that these nusnbecount for only the specific

periods during which the investigator made obsenat

However, this does provide an indication of howcetmic sources were used. For
example, the A+ITS task type showed the greatasttyan the information sources
used (3.7), followed by the A tasks (2.9) and PQddks (2.6). The information
components most frequently used are, of coursef #ile various sections of the patent
application that must be read. We may also notecthssification codes and images are
of great importance. For example, in 62% of thayp@-A tasks, 75% of PCT1 tasks,
and 87% of the eight A+ITS tasks, at least one enmags used. This great use of
different information types might indicate a compkask, which highlights another
factor that generally is not taken into accouriboratory IR experiments. In addition,
both human- and paper-based sources were usezhated for the 12 tasks subject to
on-site observation. In total, 26 instances in Wigaper notes were used were recorded.

6.3.2 Types of information components used

On a lower level, looking at the specific documeaimponents used in one of the
source types, the patent document, we found thtéreint patent application
‘components’ were used in creation of an end prodac report). The patent
application itself is first read as a whole; thenthe next step, specific parts of a
document are marked as useful. The distributioal@mnents used is shown in Table
6.15 (and also in Appendix G, as Table 6.29).

By ‘useful’ we mean that these components are pdiout, referred to, or mentioned
in the report as evidence supporting the final sleni made by the PE. As an
example, in tasks of type A, one or several images a patent document were
selected 54 times (in 13 tasks) and referred tonpsrtant or necessary for the final
outcome of the task performance. This correspomd2% of the full 54 tasks.
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Table 6.15 Distribution of information components used bgktéype in terms of
average percentage of components (sed4)
Patent document compone | A% PCT1 % PCT2 % A+ITS % AS % C % Total %

Image 12 19 17 21 27 25 76
Paragraptf 18 19 21 18 18 25 79
Abstract 16 17 19 57
Sectior® 7 21 15 21 52
Reference 11 17 18 21 46
Terms 16 15 41
Classification code 20 17 15 27 59

100 100 100 100 100 100

431 473 478 367 220 400
ntasks{ 13 11 9 9 5 7

Avg. component no. & tasky 4.3 4.6 4.4 4.1 2240

By far the most used patent application componeawtsss all task types are the
paragraph texts (used in 79% of all tasks), im&@6%b), classification codes (59%),
and abstracts (57%). Therefore, images seem d#¥ind be an important element for
consideration.

Summary of information use:
Finally, we present important findings related ésearch question 6, concerning the
effects of the work task features on informatioa.us

We found that different types of information sowd®a) are used and that often
several types of information sources (1.3-3.7) wesed for completion of the task.
In laboratory IR experiments, this is, in genenal; taken into account.

It is also commonplace to use information composa@itseveral types (6b) when
finalising the end product. For example, imagegdus 76% of all patent tasks) were
an important component alongside the textual comptnof the task performance
process. These two variables show that there isnsekte and interesting work
performed after the actual relevance judgementestagd before the task is
considered to be completed. Implicitly, the RJ wesde with the final product (the
final PA report) in mind.

2 A paragraph is a piece of text within the PA. liynbe one sentence or a couple of sentences.
%3 In contrast to a paragraph, a section is defirsegneentirely separate piece of text with a heading
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v

CROSS-TABULATION AND
RELATIONSHIPS

In Chapter 6, we presented a descriptive analysigbserved variables and their
extracted indicators and values. In this chaptee, pvesent further reasoning
concerning the relationships and possible depemeehetween these variables. The
reasoning will be tied in with research questiont16 (question 7 is dealt with

separately, in Chapter 8). For each section, weeaddhe relevant research question.

We report on dependencies on single variables €t task level (in Section 7.1) with
the categories of knowledge level (Subsection Y.Arld task planning (Subsection
7.1.2). These sections correspond to researchigndstFurthermore, at the levels of
information seeking and information retrieval ($@ct7.2), research questions 2 to 6
are addressed in more detail. The category of nmition need (Subsection 7.2.1)
involves research question 2, while that of soy®ebsection 7.2.2) is related to
research question 3 and query formulation (Submedti2.3) to research question 4.
Finally, the category of relevance judgement (Satise 7.2.4) is considered in view
of question 5 and task completion (Subsection Yi.giew of question 6. All details
for the figures and their reference to tables is thapter can be found in Appendix H.

7.1  Work task level

7.1.1 Patent engineer and knowledge types

In this study, we distinguish between two knowledgges among patent engineers
that illuminated interesting results. Domain knadge is knowledge about the topic

of the task, while task knowledge involves the tagbcedure and how the task needs
to be performed.

Domain knowledge:

We found that domain knowledge affects the numldesomrces used. When the
patent engineer possesses little domain knowldtigeleads to use of a large number
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of sourcesX* = 6.75,p < .01; (see Table 7.15 in Appendix H and Figur®.7.ow
domain knowledge also leads to a low number ofygtegms per session / string used:
x> = 6.01,p < .025 (see Table 7.16) and rho -1.00 (see Tal3® &nd Figure 7.1).
Domain knowledge also has a weak but noticeabéetedin perceived task knowledge:
p < .10,x*= 3.076 (see Table 7.1 and Figure 7.1), which mégatsa patent engineer
with high domain knowledge also tends to have haghk knowledge.

Knowledge types affect the strategy of relevandggments. High domain knowledge
(HDK) often leads to utility of an aggregated Rat&gy, and low domain knowledge
(LDK) leads to a combined (aggregated and sequgermid However, while this
difference, taken on its own, is not statisticaiignificant by thex® test p < .10; see
Table 7.8 and Figure 7.1), it is reported here esiimc combination with the other
results it is part of the characteristics of tharsk strategies studied.

Task knowledge:

Task knowledge as viewed in the study refers td lppbblem knowledge (PK) and
problem-solving knowledge (PSK) as described bytBys and Jarvelin (1995). These
knowledge types may vary; therefore, they can afither variables. Knowledge about
the task to perform often leads to the PE haviogpar perception of the information
needed to perform the tasié€ 4.840,p < .05; see Table 7.17 and Figure 7.1), and a
low level of task knowledge correlates with a highmber of relevance judgements in
all task performance process stages (rho = 1.@0Table 7.34 and Figure 7.1).

Worthy of mention is that there was not a significdependency between relevance
judgement types (aggregated/sequential (AS) anceggted (A)) and task knowledge
(level of perceived task difficulty). However, weserved high perceived difficulty to
be linked to an AS relevance judgement strategyl@ndoerceived difficulty slightly

to A relevance judgement. Again, this is not atsajhificant = 2.00,p < .50; see
Figure 7.1).

Hiah Clear perception of
Task knowledge 9 information needed
p<.05
Low # RJ in task process rho 1.00
p<.10
High A RJ strategy p<.10
Domain knowledge =" | 4 '
— AS RJ strategy
p<.10
High # sources
p<.01
Low terms/session
p <.025;/-1.00

Figure 7.1 Knowledge types

7.1.2 Task planning
When one begins a patent task, it is normal toaoessort of task structuring. This

planning activity is linked to how well the patemtgineer knows the task procedures.
In our study, the task planning could be perceia=d both clear/unclear and
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structured/unstructured. The distinction betwe@archnd structured planning is that
with clear planning, the PE has a clear sense wof the task should be performed,
while structured planning may, for example, invobtre order in which the patent
engineer decides to execute different subtaske)tand the people to ask at certain
moments during the task performance. A significdependency emerged in that
when a patent bureau has prepared the patent afpgticplanning of the task is often
clear and structuregk{= 14.89,p < .001; see Table 7.24 and Figure 7.2), and when a
company submits the application, the planning eftttsk is clear but unstructured.

We found significant dependencies between cleds pdenning and the expressed
information need)? = 4.11,p < .05; see Table 7.21 and Figure 7.2) and between
clear task planning and the relevance judgemexits 7.34,p < .01; see Table 7.23
and Figure 7.2). Clear planning leads to the usenwitiple expressed information
needs X?= 4.11,p < .05; see Table 7.21 and Figure 7.2). Clear ptanaf the work
task results more often in a high number of releegmdgements being performed;
by contrast, cleaand structured planning leads to a low number of RJthe task
performance process. This could mean that if then®Ea clear perception of both
how and when to execute the different activitiethie task performance process, one
result is a lower number of RJs being made.

When the planning of the task is seen as cleaREheften uses a combination of sources
(x?=3.91,p < .05; see Table 7.22 and Figure 7.2) as wellldgranumber of RIx{ =
7.34,p < .01; see Table 7.23 and Figure 7.2) throughwitdsk performance process.
If the planning of the task is perceived as bo#iaichnd structured, only a single source
type is usedx® = 3.91,p < .05; see Table 7.22 and Figure 7.2) and fewaglee
assessments are dong € 7.34,p < .01; see Table 7.23 and Figure 7.2). Finally,
there is a dependency between tasks that havepaeeeived as clear and structured
and short task completion timg?*E 9.36,p < .005; see Table 7.25 and Figure 7.2).

p <.001
Company Combined source type p<.05
High # RJ in task process| p < .01

Clear planning
Multiple info needs p<.05
Task planning
Low # RJ in task process p<.01
Clear and structured
planning
Single source type p<.05
Bureau
Short time effort p <.005

p<.001

Figure 7.2 Work task planning
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Summary:
This section presented findings related to resequestion 1, on the effects of work
task features on the work task. When a work taskhbeut to be initiated, we
observed, the patent engineers’ knowledge levalsigmificant correlations with

a) The information need (clarity),

b) Information sources (number of sources used),

c) The query terms used, and

d) The relevance judgement strategy used.
Furthermore, planning for a structured approacthé&owork task may, for example,
involve the order of completion of the subtaskspmhto ask and when, and other
things. The planning of the patent task will affdo¢ IS&R process, depending on,
e.g., the type of applicant. The patent engineer lan or adapt as the situation
dictates. Clear and structured planning also hagsertdencies with expressed
information need and the use of a single source typmultiple types. We may also
expect the number of relevance judgements madengluhe task performance
process to be related to whether the work tasleisgived as clear or as both clear
and structured.

7.2 The IS&R task
7.2.1 Information need

We have showed that, in real situations, the in&drom need is not always stable;
instead, it is changing. Furthermore, the infororatheed is not always a single need
— multiple needs may occur during the search psocks the previous chapter,

Chapter 6, we discussed seven variables relat@tfdomation needs, of which the

following variables showed interesting dependendhes change of information need,

the expressed information need, and the type ofamétion needed.

Stability of information need:

The stability of information need during IS&R tasgerformance showed
dependencies with three aspects of the IS&R pro@essbination of source types,
use of unique classification codes, and the nurobguery terms.

The correlation datg(< .05, as seen in Table 7.10, and rho .950; sbk Ta28 and
Figure 7.3) show that when there is a stable in&tion need, either a single source
or a combination of sources may be used. When agehan the information need
occurs, then only one source is used — e.g., @tra@hec source.

Not surprisingly, stability of information needssalshowed a significant correlation
with the number of query terms. A change in thernmfation need usually results in
use of a low number of query terngs< .025, as seen in Table 7.11, and rho .950; see
Table 7.28 and Figure 7.3). This might indicate thefore complicated and advanced
guery formulations are made, the source is tesiéd fewer and more ‘explorative’
query terms. A weaker, but interesting and slightlgexpected, dependency
relationship was found between change in the in&ion need and a low number of
unique classification codep € .10; see Table 7.12 and Figure 7.3).
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Expressed information need:

An information need may be expressed by meansgfesor multiple terms or codes.
There is a significant dependency between use lofvanumber of sources and the
usage of single terms/keywords € .001; see Table 7.13 and Figure 7.3). We also
found, not surprisingly, that the information newgs expressed with multiple
terms/keywords when the PE used a large numbepuwifces and utilised a wide
variety of source typep( .005; see Table 7.14 and Figure 7.3).

A higher number of expressed search terms suggdstedise prior to search
correlates with probable change of information needng the task performance
process (Spearman’s rho .950; see Table 7.35 apdd-i7.3). The use of a large
number of suggested search terms may then refferiainty on the part of the
patent engineer. This uncertainty may be causdtddygurrent topic, or it may reflect
that several topics are involved in the specifiepatask at issue.

Clear or muddled perceived information need:

A muddled need for information leads to a high nemdif search strings (Spearman’s
rho 1.00; see Table 7.30 and Figure 7.3). A muddksed also leads to the use of a
combination of source typex(= 6.38 andp < .025, as shown in Table 7.18 and in
Figure 7.3, below).

p< .05 Combined info sources
No
Info need Low # unique c. codes
chang <.10
<
Yes p<.05 Single source type used
\
Low # query terms
p < .002 auern
Single Low # sources used
. B e p<.001
Information Expressed
nee( infoneec -
Multiple P <.005| nigh # source types used
rho~950) Information need change
Information neec Muddled p<.025 Combined sources
(clear/muddlec
rho 1.0 High # search strings

Figure 7.3 Information need variables

Summary:
This section presented findings related to resequestion 2: What are the effects of
the work task features on the information need?

We found that two variables in the information nexdegory showed dependency
relationships with other aspects of the IS&R precebange in the information need
and expressed information need (as terms). An nmdtion need is not merely a
stable statement of what is needed and thus thed&iion on which the search is
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based. In real-life patent search situations, @asimon for the information need to
change during the course of the search procesanfpof various reasons. A change
in the information need affects the search proges#isat fewer query terms are used,
few source types are used, and not as many ctz®if codes are used. When the
information need is represented by multiple termeye sources are used, different
source types are used, and eventually circumstasiseslead to a change in the
information need.

Finally, the expressed information need being medidkads to use of a combination
of all three sources (HEP) and to a high averagebeu of search strings being used.

7.2.2 Source

We found two aspects of the source category thgwifgiantly affect the task
performance process: the use of single/combineelstygb sources and the number of
sources used.

Source type:

The categories of source types used were papeel@efronic (E), and human (H),
grouped as follows: as single source type (P, Hg)aor combinations thereof (PHE,
PH, PE* or HE), as noted above. In the case of a singlece type, a different
source of the same type may have been opened @setlabnce or several times.

A significant dependency was found between the manhuse of source types and
the clarity of the perceived information negu< .025; see Table 7.18). When the
patent engineer had a muddled view of what infoilonatvas required (for example,

‘I need to use databases X and Y, | need to askatigague, and | need to look in

the old Nordic patent files’), the patent enginesually used all three types of
sources (i.e., HPE) for resolving the task. If peeceived information need was clear,
only one of the source types was used (E, H, off)s uncertainty leads to ensuring
coverage through the use of all source types dtaila

The source types used also are related to thearsde\judgement process. When only
a single source (P, H, or E) is used, only the eggjion relevance judgement strategy
is used |§ < .01; see Table 7.2). Sequential evaluation single source could be
done through performance of several searches wighsource. For example, search
#1 (‘potato’) might be followed by an assessmend #men search #2 (‘tomato’),
followed by another assessment, with, finally, arske #3 (‘salad’) followed by a
third assessment. It is statistically significamattthe greater the number of sources
used, the more frequently a combined relevancesjumagt strategy is used. This is in
line with the variable for the use of a high humbé&sources, described below. The
difference is that one type of source (for instarelectronic) may have been used
several times during the task performance process.

Number of sources:
The number of sources affects the task performgmmoeess. We found three
dependencies here.

> Here, ‘PE’ refers to paper and electronic sources.
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The number of sources used is dependent on whoewhet application. When a
company-based patent department wrote and subnthigeplatent application, usually
the number of sources used was high (4-7) (seeTab, wherg < = 0.025, as in
Figure 7.4). Those written by a patent bureau vedmeost evenly split between low
(1-3) and high (4-7) numbers of sources used. Awependency was seen between
a high number of sources and the use of a comlaggrtegate/sequential RJ strategy
(p < .10; see Table 7.7 and Figure 7.4), but rho &ldba stronger dependency (rho
.943; see Table 7.29 and Figure 7.4). Finally, wttenPE used a large number of
sources (4-7), the amount of time spent on the @sR5 hours) was high too (see
Table 7.20x%= 9.56,p > = 0.025 — as shown in Figure 7.4, below).

Muddled

information need p<.025
Source type [ Combine
/ AS RJ strategy

p<.01

Source

Number of AS RJ strategy | rho.943

source

— Hi

p <.0025

Time

Company applicant

p < .0025

Figure 7.4 Source types

Summary:
In this section, we present findings related t@aesh question 3: What are the effects
of the work task features on the types of souroessaurce content used?

The type of applicant may affect the number of sesirused. In our case, if an
application was written by a patent department iwithcompany, this led to the use
of a higher number of sources. The reason may dietlilese applications are written
in a more complex way or with more references tiegd to be checked.

Traditional IR research is usually concerned witle eelectronic source and one
relevance judgement activity. In real-world seatesks, the situation may be
different. In our case, we found that a high nunidfesources often leads to the use of
a combination of aggregated and sequential relev@migement strategies. This is
obviously in contrast to traditional IR experimerggce in our findings, a) several
sources are used; b) different types of relevanciggment strategies are being
employed; and, c) not just one relevance judgemaetidn is taken — several are. This
should, in fact, have an impact on traditional nieasients of precision and recall.
This is a similar result to that with the corredatiof combined source types and
relevance judgement. Usually, when a single sotype is used, the PE has a clear
perception of what information is needed for cortipte of the task. This might
include several sources of the same type being lustedot several source types.
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7.2.3 Query formulation

In the previous sections of this chapter, we hdready highlighted some interesting
correlations, but we will briefly repeat them here.

Number of query terms per string/session:

A significant dependency was found between domamwkedge and the number of

terms per session and query strigg< 6.01,p < .025; see Table 7.16 and Figure 7.5)
used by the patent engineer. Patent engineershigth domain knowledge used a

high number of search terms.

If the patent engineer expressed a high numbeearfch terms prior to the search, it
was more likely that the PE also used a higherameenumber of search items per
string (rho 1.00; see Table 7.30 and Figure 7.5)reeaccessing the IR system.

A stable information need leads to the usage oigh humber of query terms per
string/sessionp( < .0025; see Table 7.11 / rho .950; see Table a@BFigure 7.5).
Finally, use of a high number of query terms peingtand session will affect the
number (high) of information sources used for fisiay the work task and product
(rho 1.00; see Table 7.36 and Figure 7.5).

Combination of query types:

Calculations with Spearman’s rho showed a coratalietween the average number
of query types combination with a) number of seaessions per task (rho 1.00; see
Table 7.31 and Figure 7.5) and b) number of elempridged in a single task and
final product (rho 1.00; see Table 7.32 and FigutB). A large number of
combinations of query types often led to a high benmof information components
being used in the final product (rho .975; see @3bB7) (see Figure 7.5).

Domain knowledge p <.025
Information sources used for rho 1.00
finalising the produr
Terms per
string/sessio : :
High # expr::;fcdhterms prior tg rho 1.00
rho .95
Query Information need change
formulatior Number of p <.0025 / rho .950

query term

Type of information component rho .975

used in final product
Average # of
query types in rho 1.00

combinatiol Search sessions per task

Elements judged in a single rho 1.00
work task '

Figure 7.5 Query formulation
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Summary:
In this section, we present findings related teaesh question 4, dealing with the
effects of the work task features on query formaiat

We found that insufficient domain knowledge leadshe use of a low number of
query terms per session. Greater domain knowledgegove the patent engineer a
better starting point for query term usage. Furtieee, patent engineers with low
domain knowledge might be supported by a thesaurasnilar.

Another interesting finding is that when the infatmon need is stable, the PE uses a
high number of query terms per session, while agéan the information need leads
to the use of either a high or a low number of guerms. This may again reflect
differences in domain knowledge. The level of commpl can be seen in the number
of combinations of query types (those based ondecwdes, date, document number,
etc.) used during a search session. In this stweyfound that a large number of
search sessions also results in a high numbersthdi query types being used and,
in judging of information, a large number of docurhelements being judged as well.

7.2.4 Relevance judgement

Two aspects of relevance judgement in particulawslll dependency relationships
with other factors within the IS&R process: theekglnce judgement strategy used
and the number of elements judged.

Relevance judgement strategy — aggregated or seqtiah

Two separate RJ strategies were identified in pevoce of a single IS&R task:

aggregated and sequential strategies. Only aggeda) RJ and a combination of

aggregated and sequential (AS) RJ are considesm@dube of the dataset being too
small for sequential relevance judgements.

There are dependencies among three variables wvilthimformation need category
and the RJ strategies chosen. First, the use ofipleuterms for expressing the
information need led to the use of an AS RJ stsaipg< .01; see Table 7.3 and
Figure 7.6). Secondly, when the users had a cledrsé&ructured perception of the
information needed, they often used the aggredafestrategy, while a structured but
unclear perceived information need resulted in mldoed RJ strategyp(< .01; see
Table 7.4 and Figure 7.6). Thirdly, a high numbkreguired document components
(abstract, claims, etc.) having to be investigdtedhe formulation of the information
need often meant that both aggregated and seduRditmere usedk= 10.72,p < .01;
see Table 7.6 and Figure 7.6). This is discussé&gkation 6.3.7.

Statistically significant dependencies were notnfblbetween PEs’ level of any
kind(s) of knowledge and other IS&R variables, this issue will be reported upon
here since it forms a vital part of the landscapée search strategies studied. The
choice of RJ strategy correlates with the actargel of domain knowledge (topical
knowledge). High domain knowledge (HDK), leads moaggregated RJ strategy, and
low domain knowledge (LDK) leads to a combinatidnaggregated and sequential
RJ. However, this difference when taken on its @svnot statistically significant by
the x* test p<.10; see Table 7.8 and Figure 7.6). Neither @iy dependency
emerge between RJ strategy and task knowledge. owan indicative result shows
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that high perceived difficulty fosters the AS redece judgement strategy and a low
perceived difficulty weakly fosters the A relevarnjoegement process. Spearman’s
rho showed a significant correlation (.929; seel@ &4 and Figure 7.6).

Two variables related to source category statityicdfect the type of RJ strategy.
When only a single source type (P, H, or E) igséd, the patent engineer engages in
the aggregation relevance judgement strategy. $ttasistically significant that the
more source types that are used, the more frequeothbined relevance judgement
strategies (i.e., AS) are usqulq .01; see Table 7.2 and Figure 7.6). Secondlygnwh
using a large number of sources (6—-10, 33%) tolvesa patent task, the patent
engineers preferred to use an AS relevance judgesteriegy X* = 23.85,p < .10;
see Table 7.7 and Figure 7.6).

An indicative result ¥* = 14.18,p < .10; see Table 7.9 and Figure 7.6) is that
aggregated RJ is done for classification codes taatl combined AS relevance
judgement is applied when terms and bibliographformation (document numbers
etc.) are considered.

Finally, not surprisingly, using the aggregatedvahce judgement strategy leads to
short time (1-4 hours) spent on IS&R subtasks witthie work task, while a
combined relevance judgement strategy correlatés %460 hours spent on IS&R
task completiony®= 4.01,p < .05; see Table 7.5 and Figure 7.6).

Average number of elements judged for relevance:

The average number of individual elements judgedrébevance during the task
performance process also has important dependencitt®e IS&R process. When, on
average, 1-2 elements are judged for relevancg,amd information source is used
for finalising the end product. When 3-8 elemers, average, are judged for
relevance, two information sources are used fofitta product = 8.60,p < .005;
see Table 7.26) (rho .943; see Table 7.29 and &igu®). Not surprisingly, the more
sources used, the greater the number of elemeaddsdufor relevance.

Furthermore, a high number of source types usedded high number of elements
judged for relevance(f = 9.11,p < .005; see Table 7.27 and Figure 7.6). Whenfall o
the various source types are used, usually 2—#0apte judgements are made during
the task performance process. We also found thaglta average number of query
types used in combination affect the number of eleinjudged (positive correlation)
for relevance in a single task (rho 1.00; see T@t82 and Figure 7.6).
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High domain knowledge
g g p<.10
Structured/clear perceived info neefl
p<.01
High # of requirements for info neeg
p<.01
Multiple expressed info needs p<.01
Content type
A P p<.10
strateq
RJ strategy High # of hours
p<.05
Multiple source types p<.10
AS High # of information sources used
Relevance strateq p<.10
judgemer
# of source types used in final p <.005
/ produc
Document elementsf—— ] Number of sources p <.005 and
iudged for relevan \ rho .943
Avg. # of combinations ofypes of
query items rho 1.00

Figure 7.6 Relevance judgement

Summary:

This section presented findings related to resequéstion 5: What are the effects of
the work task features on relevance judgement peegoce? In Chapter 6, we
reported on the finding that two RJ strategies wes@d — aggregated and sequential
RJ strategies — when a PE was performing a sis@®Itask.

Dependencies exist among three variables in thenrdtion need category and the
RJ strategies chosen. Using multiple terms for @sging an information need affects
the RJ strategy. Use of many terms usually leads tAS relevance judgement.

Furthermore, the perceived clarity of the informatineeded also affects the RJ
strategy: a perceived clarity leads to the usenchggregated strategy. In both cases,
the reason for this may be the level of knowledigéne patent engineer. However, no

statistical evidence was found of a relationshigwkeen the patent engineers’

knowledge level and RJ strategy, even though wad@uweak correlation between a

person having strong domain knowledge and the @ise @ggregated RJ strategy,

while a low level of domain knowledge led to an AeRvance judgement strategy.

Two variables in the source category statisticaffgct the type of RJ strategy. There
is a statistically significant positive correlatithetween the number of source types
being used and use of combined RJ strategies. @lsteaffects the RJ strategy, in
that aggregated RJ strategy leads to spendingifesson the search task. Lack of
familiarity with the field/domain may also have affect on the number of sources
used and RJ strategy selected.

Finally, source elements also affect relevanceguugnts. As more sources are used,

more document elements are judged for relevanceenvithe aggregated strategy is
applied, usually the abstract and terms are inddourelevance judgement.
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7.2.5 Patent task completion

With respect to task completion, we found two eletaegelevant for answering our
research question: the information source usedh®rfinal product and the type of
information component used in the final product.aiithe PE used a large number
of expressed terms, a large number of informatmmnees will be used for finalising
the product (rho 1.00; see Table 7.36 and Figurg T.the patent engineer used a
large number of information components for completof the final product, it is
likely that many search strings were used (rho;.9éB Table 7.37 and Figure 7.7).

High # of sources used High # of query ho 1.00
for final product terms use
Task completion
Type of info componen High # of search rho .975
used in final produ strings used

Figure 7.7: Task completion

Summary:
This section presented findings related to resequestion 6, dealing with the effects
of the work task features on information use fanptetion of the task.

Interestingly, we found that some variables showecdklationship with variables
outside the traditional IR model: a) the numberirdbrmation sources used for
finalising the product and b) the type of PA comguais used in the final product. For
example, use of a high number of sources for the gnoduct indicates a more
complex search situation in the patent domain.rttreofor the final product to be
comprehensive, more effort is put into the seardogss.

Furthermore, if the number of expressed searchstéonibe used is high prior to the
search itself, it is more likely that the infornaati need will change during the
information seeking activity (.950). The variabkddressed here show that the task
completion phase is an important part of the irtisra information retrieval process.

7.2.6 Connecting relationships

Next, we examine whether any of the significantetwfencies described could be
related, further, to a third variable. First, weasnned the variables within the work
task level and we found the following relationshijmw domain knowledge (LDK)
leads to the use of a high number of sources (gpee-7.8), which, in turn, leads to
a) a combined (aggregated/sequential) RJ stratewyp) long time to complete the
IS&R task.

- AS RJ strategy
Low domain Large number
knowledgs of source
Long duration

Figure 7.8 Extended relationship of domain knowledge
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High task knowledge (HTK) leads to clarity of thiéarmation need (see Figure 7.9),
which then results in an aggregated relevance judge strategy. This indicates that
the aggregated RJ is used when the actor is fairtfident with respect to his or her
problem-solving task.

High task knowledge Clear information need Aggregated RJ strategy|

Figure 7.9 Extended relationship of task knowledge

Next, we examined the variables in the IS&R proc¥gkether the applicant was a

company with its own patent department or a pdtentau affects the planning stage
(see Figure 7.10, below). This, in turn, leadsdmbined (for a company) or single

(for a bureau) source types being used, which kbads to an aggregated (single) RJ
strategy or aggregated/sequential (combined) Riesgly.

AS or A RJ strategy
| Aoplican |%| Task plannin <

Single/combined source type

Figure 7.1Q Extended relationship of applicant

The change in information needs leads to the use admbination of information
sources (see Figure 7.11), which, in turn, resaols combination of aggregated and
sequential RJ strategy (also shown in the figufée change of information needs
also has a relationship with the information neg@xgressed with single or multiple
terms.

Information need change Combir;%?”igtfeormation AS RJ strategy

Expressed information need (single/multiple terms

Figure 7.11 Extended relationship of change of informatioeahe

Expression of an information need via multiple terfeads to a high number of
sources being used (see Figure 7.12). This rekdtiprhas implications, related to the
use of an AS RJ strategy and long duration.

|

|

i AS RJ strategy
Expressed information High number of
need (multiple term sources use Time

Figure 7.12 Extended relationship of expressed informatioadhe

137



Finally, we found an extended relationship conmecthe use of a large number of
combined query types (on average) to a large nummbdocument elements being
judged for relevance (see Figure 7.13). This canthe final stages of the task
process, affect the type of information componesed in the final product.

High avg. numbe High # of document High number of source
of combined elements judged for types used in final
query types relevance product

Figure 7.13 Extended relationship of document elements judgedelevance

Summary:
Above are six, different examples of extended i@hahip dependencies between
different variables. Three of them arise from tharkmask level.

When the patent engineer has low domain knowlettge,may lead to the use of
many sources, which, in turn, affects both thevaabee judgement strategy and, not
surprisingly, the time spent on a task. The comiplexf the search increases with the
use of several sources. Furthermore, task knowledgg also affect the IS&R
process. High task knowledge usually affords arclefmrmation need, which also
leads to the application of an aggregated relevamgement. In these cases, there is
no need for relevance judgement during the IS&Rgss; rather, it is done at the end
of the search task. Finally, depending on the appti(e.g., company or bureau), this
affects the clarity or muddledness of planning bé ttask, which, in its turn,
influences the choice of relevance judgement grase(AS or A strategy) and the
number of individual or combined source types ugeat. example, we found that
when the applicant is a patent bureau, the planofnipe patent task by the patent
engineer is both structured and clear and usuedlgld to the usage of a single source
type for searching.

Information need instability (or change) is coneeéctvith the use of a combination of
information sources, which, in turn, leads to tlse of the AS relevance judgement
strategy. Furthermore, when the information needexpressed through multiple
terms, it is likely that a high number of sourcall lne used, which then leads to the
use of an AS relevance strategy and is connectaohéo(longer duration).

Finally, the data show that complex use of quernse(high average number of
combinations of query types) in combination withaage number of documents
judged for relevance leads to a high number ofrmédion sources being used in the
final product.
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8

COLLABORATIVE SEARCH ACTIVITIES

When observing our patent engineers during thenpatandling procedures, we
detected collaborative information handling aciest This was a very interesting
finding and will be treated separately in this deapPut basically, two separate
groups of collaborative activities were found: doe&mt- and human-related
collaborative activities. In our study, documentated collaborative activities were
characterised by creation or use of electronic apep-based documents or objects,
such as ‘working notes’, containing information aba person’s search strategies,
guery terms, and classification codes, made fopexific task. The human-related
collaborative activities are characterised by, dsample, communication between
colleagues internally and externally for advice apert judgements regarding
search strategies and assessment issues. Thigrcleponcerned with our research
guestion 7: How are collaborative information mtal activities manifested within
and during the course of the IS&R task performgmoeess? The research question
is addressed through sections 8.1 to 8.4. Datéhéwe variables were collected with
search logs, electronic diaries, and observations.

8.1 Document-related collaborative activities

The first group of collaborative activities invob/ereating or using electronic or
paper-based documents, such as the individuallitenriworking notes for specific
tasks, with information about a person’s searclatefries, query terms, and
classification codes (see the notes below on TddR.Furthermore, the working
notes may contain information on how a specificd®avas done in a specific patent
case. The notes were written down by the engine@istored for later perusal by the
engineer him- or herself and for colleagues, pripavithin the work group but also
others within the organisation.

(PE) I also take notes on classes, search ternsdanument numbers in order to
use them later or for others to use them for sim#aks.[Task 111, diary notes]
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The example of Task 111 shows the collaborativeeesm a note that is written
down and stored (in paper or electronic form) by platent engineer. Some of these
notes, if found useful, are stored with notes mageother patent engineers in the
work team. The working notes can then be reusedihsr people, within/outside the
work team. The retrieval aspect of the notes takehat they are both classified and
ordered according to subject area and problem ig¢iser. Colleagues then are able
to, for example, use for their own query formulatiQuery terms or search phrases
that have been found successful.

We also found other relevant document-related #ietsy such as the use of reports,
reference documents, and notes accompanying the padent application. In Task
52 (see below), the references in the applicatien raade to serve at least two
purposes: a) they are used implicitly as evidewcehow the patent office that the
applicant has the necessary underlying knowleddbeo&rea in general and the topic
of the application specifically and b) they areduss pointers to the patent engineer
examining the application in some specific directior recommending these
references as means for further understanding awdission. The patent engineers
then usually search for these pointers when aricgtigin arrives.

In the incoming patent application,[the PE — PH]looked for referred-to
patent documents created by the applicant (in¢h&e, by a patent bureau). |
will now collect these documents and read th@rhese documents were then
filed along with the patent applicatiinTask 52, diary notes — PH]

The references are a product of earlier searchds imathe applicant that are intended
to support the formal application and the paterireger in the problem-solving. If
the patent engineer finds the references integgdti® documents are retrieved.

In summary, the document-related collaborative rimftion search activities
identified and categorised totalled 100, which gi8e3 document-based collaborative
activities per task.

8.2 Human-related collaborative activities

We found 55 cases of activities in which peopledusther people’s knowledge and
experiences during the patent handling processekample, one may ask colleagues
internally and externally for advice and expertgeaohents. Other examples include
asking individuals or groups within or outside andkam or department. The
following is a transcribed example:

X gets a visit from a colleague. They both diseusat applications X will work on in
the coming period. The applications should be wittiie subject area. Different
strategies for searching and sources to be use@ @iscussefiTask 15, observation
note]

The example above illustrates that the patent eegiis involved in synchronous
collaboration including for example, specifying eednt information sources,
suggesting appropriate search strategies, anchghexperiences.

%5 Author’s note: PH = Preben Hansen.
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8.3 Collaboration in IS&R processes

We also wanted to investigatehen collaborative activities occur. Out of the 54
patent handling tasks studied, 12 were observdtesite by the researcher. The rest
were reported upon through electronic diaries. Wimeestigating the collaborative
processes, we decided to use aihly 12 observed patent handlitasks. These 12
tasks related roughly to three main task phasesiiitial, searching, and completion
phases), where the search phase involves bothd®Rarmhe 12 tasks were observed
in different stages and showed the following dmttion: we observed 10 tasks in the
initial phase, six in the middle phase, and fivekgaduring the final (completion)
phase (for a total of 21 observations). This disiion is explained by the fact that
some of the 12 unique tasks were observed durirrg than one phase.

To visualise the task completion stages in an wtdedable way, we broke the work
task level and the IS&R (IST and IRT) level dowtoistages. The WT level includes

the task initiation stage, with activities of a3kaclassification and b) task assignment,
and the task planning (TP) stage, with the acéigibf a) structuring of the task and b)
formulation of requirements for problem-solving. the information seeking task and

information retrieval task level, the following spbocesses are involved: a)

formulation of information needs, b) selection ofice(s), ¢) query formulation, and

d) relevance judgement. Finally, at the end of IB&R task performance process,

there is the task completion (TC) stage, involvaagivities such as information use

and creation. The individual activities within tkéole process were counted and
categorised and then mapped to the correspondigg st the IS&R process.

Table 8.1:Activities by collaborative category through th&FS process stages

The IS&R process sta Collaboration categories
Document-relatedHuman-related  Total
# % # % # %

Tl 10 10 4 7 14 9

TP 17 17 16 29 33 21

IST 43 43 24 44 67 43

IRT 17 17 8 15 25 16

TC 13 13 3 5 16 10

Total 100 100 55 100 155 100

n= 155

Table 8.1 shows that the collaborative activitiesewobserved in all work task stages
in the ISR process. In all, 65% of the activitiesreadocument-relatedwhich implies
that the patent engineers experience a need tos@ejocument-based information
that they or others have created. This suggeststlieapatent system needs to be
designed carefully to facilitate reuse of docunretated information. Not
surprisingly, the task planning stage shows a yfdnigh score for collaborative
activities (17% document-related events and 29% dmirelated). Finally, the
information seeking stage had the highest scor® d8cument-related collaborative
events and 44% human-related collaborative evémtstder to check the reliability
of the categorisation of the data, we performedné&a-categoriser reliability check.
Reliability was found to be 95% after re-categdrsaof the data three months later.

In the category ohuman-relatedcollaborative information search activities, many
activities were observed in the stages of plantinegtask (TP) and in the information
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seeking stage, with percentages of 29% and 44%xelsting indications emerged in
the information retrieval stage, in which, in totab (16%) collaborative information
search events were observed for each of the cadésgdtor the IRT stage, this is
interesting. All of the tasks observed featured ameboth of the two types of
collaborative activities. This stage is normallyi®eed to involve individual activities
of information processing, but, as can be seen ffainle 8.1 (above), collaborative
events were frequent. A low number of human-relatetlaborative information
search activities is found in the task completitags (5%). Even though this score
was low, the results indicate that collaborativeerds occur throughout the
information handling process.

Next, we break the data down further, accordinth&three categories of knowledge
proposed earlier, as described by Jarvelin and Rép83) and further used by
Bystrom and Jarvelin (1995) and Jarvelin and Wil&#03): the categories of
a) Problem-solving knowledgé”SK), related to how problems should be
treated and what knowledge is needed to solve them;
b) Problem knowledgé€PK), describing the structure and properties @& th
problem at hand; and, finally,
c) Domain knowledgdDK), to do with known facts and theories in the
domain of the problem.

A total of 222° identified knowledge activities was recorded (Seble 8.2, below).
In order to check the reliability of the classifica of the data by knowledge type, we
performed an intra-classifier reliability check. IRbility was found to be 78-82%
after reclassification of the data 2.5 weeks later.

If we look at the task stages, we see that, of2@ activities, 46% (101) and 36%
(80) respectively were performed within the infotroa seeking task and the work
task, while 18% (41 activities) were performedta tR task level. Most of the 222
CIR activities were classified as document-relatimmain knowledge activities
(18%).

The data show that on the work task level, pategineers acquire both document- and
human-based problem-solving knowledge, while domkihowledge is mainly
acquired through documents. Problem knowledge loot&tion is not needed at this
stage, although problem knowledge in general isie@@nd the patent engineer got it
from the patent application at hand. In the infdiora seeking stage, domain
knowledge is dominant, in both document- (39) andhéin-related activities (21),
followed by document-related PSK. At the retriestage, collaborative activities are
mainly document-based. These findings do not teféne duration of the exchanges.

*% Because several types of knowledge can be apgligdg a single collaborative activity, the
numbers in Table 8.2 sum to 222 collaborative #iti
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Table 8.2 Distribution of document- and human-related dodlative activities

across knowledge types and main work task stage222)

Work task Information Information
(WT) seeking task (IST) retrieval task (IRT)
DOC. HUM. DOC. HUM. DOC. HUM.
PSK 22 21 22 12 14 4
Total % of all 10% 10% 10% 5% 6% 2%
doc.+hum. activities
DK 22 13 39 21 10 3
Total % of all 10% 6% 18% 10% 5% 1%
doc.+hum. activities
PK 2 0 5 3 9 1
Total % of all 1% 0% 2% 1% 4% 0,5%
doc.+hum. activities
Total 46 34 66 35 33 8
Total (doc.+hum.) 80 101 41
Total % of all 36% 46% 18%
doc.+hum. activities

If we look more closely at the different knowledyges, we see that the use of
document-related problem-knowledge activities iases from the beginning of the
work task to the IR task. The reason for this maythat just before the final
relevance judgement, different types of documemnatire consulted. For activities
related to domain knowledge, we find that both doent- and human-related
activities are greater in number at the IST sthge the WT stage, then drop again in
number at the IRT stage.

8.4  Types of collaborative activities

The classification of the various collaborativeiates was based on a) a series of
predefined types of collaborative activities foundhe literature and b) analysis of
empirical data and the identification and defimtiof appropriate categories. In the
literature, we found that the description and dfasdion of information sharing
suggested by Talja (2002) was useful. The stratmgicsocial sharing were especially
important for our study. Furthermore, O’Day andfrie$ (1993b) proposed a set of
categories to handle different collaborative atiégi such as: handling search requests
made by others and archiving potentially usefubinfation in group repositories.

Also, Talja and Hansen (2006) provide a descriptbra set of main dimensions
according to which collaborative information handlican be classified. Some of the
categories used in the present stiidy
- Asynchronousand synchronous activities, such as sharing eiffietypes of
contextual relationships
- Co-locatedand remote collaboration, such as communicatirt sraring of
personal and subjective opinions
- Loosely andtightly coupled activities, such as sharing the historyanof
information object and sharing search strategies
- Plannedand unplanned collaboration of types such as wask co-operation

" The word in italics is represented by the example.
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- Intra-group or inter-groupcollaboration (e.g., workload sharing and division
of PA tasks)

- Direct and indirectcollaboration (such as sharing external and interna
domain expertise)

- Co-ordinatedactivities such as end product creation

Classification procedure:

The classification of the different collaborativeeats was done in a pragmatic way.
For each of the work tasks observed, all availatdta (transcribed observational
data) were analysed and marked. Then, each individallaborative event was
grouped with either document-related or human-edi@vents. From these two large
groups of descriptions of collaborative events (iexmr implicit, made by the patent
engineer), a finer-grained classification was dithed, as can be seen below. This
procedure was then repeated, in order to gathentsweat were overlooked the first
time as well as to validate those already categdriis the first run.

In order for us to reveal the different activities the collaborative information
handling activities responsibly, the 155 occurreneere analysed and the following
list of selected sample activities was created:

Document-related collaborative information searclectavities
» Searching and sharingnformation objects/documentsuch as articles, patent
applications, working notes, and reports. The wagkiotes created by colleagues
may be searched by others and may reflect on prevwocesses involving a
specific document and its connections and relahigns other documents and
other information retrieval processes (26 instarizeExample:
(PH) [The patent engineer writes down a series adreh terms on a paper
note.] [...] these search terms could be used ldategnother application task,
by me or somebody else in my grdiask 15, observation note]

» Sharingvarious types ofontextual relationshipbetween individual, and sets of,
information objects. Expressed means for describihg relationships of
documents might be

o0 Annotations which are content-based comments, assigned to a
document or specific sections of a document;
o Referenceghat are assigned to refer to a topical or corbased
relationship in a broader sense; or
o Citationsthat are made to point out relationships to mpez#ic parts
of other documents and sections of documents.
These described relationships are recorded in wgribtes or the actual patent
applications that are filed. These are stored aad kater be searched by
colleagues (23 instances). Examples:
i) (PE) [W]ithin the application, the applicant is fegring to other relevant
classes that might be relevant for the presentiegiibn and should be judged

for relevance. | order these documents and cheekréferences[Task 86,
observation note]

%8 Each collaborative search activity may result mrenthan one instance, hence the larger number of
instances.
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i) (PH) [The patent engineer writes down a seriesezfrsh terms on a paper
note.] [...] these search terms could be used lategnother application task,
by me or somebody else in my grduask 15, observation note]

Sharingrepresentations of information needdhe representations of the current
information need may be stored and then reusedobgagues. We found two
kinds of representation: through classificationegsynonyms, query terms, and
query structures and through a narrative descrpsiche problem. Occasionally,
these statements and descriptions are saved asngartes and later reused in
information seeking and retrieval activities (1&tances).

Sharinginformation seeking and retrieval strategi€olleagues can share search
strategies in two ways: a search history can b#emrdown by the searcher, to be
used in later work tasks, and log statistics casdwed, processed, and inspected
for future use. In this category we also found sesrused, statistics on time and
number of sessions, documents inspected, etcné?dnices). Example:
(PE) | write down everything from a search on papdt possible and used
terms, classification codes, document numbers,agtd. combinations of them.
This may become valuable in looking back on myipusvsearches, since an
application could be interrupted or it could takenger than anticipated. This
document could also be of use for my colleagessk 34, observation note]

Sharing decisions and judgementmade for previous problem-solving tasks.

Those that are of interest in the current work teak be recorded in working

notes or on copies of patent applications thafike for archival purposes. Other

patent engineers can later utilise these workings(®1 instances). Example:
(PE) [1]f the assessments have been made for g@sific problem-solving task,
parts of them can be used for a very similar tfifsk 111, diary notes]

Communicating and sharingersonal and subjective opinioms written form
that, for example, reflect an immediate relatiopgbetween the document and its
‘neighbourhood’ (8 instances).

Sharingthehistory of an information objectThe history of an information object/
document may be of three types (36 instanceshgiiarm of any of the following:

o Documenthistory in which the document belongs to one orreno
subject areas assigned by the PE to the documenpdper and/or
electronically) in order to be identified and redis€aper documents
may also bear dates and stamps from previous igaésns.
Comments and decisions may show history for theuohent. For
electronic documents, annotations in electronipayper form pointing
to the ‘source’ document may be added. The docurtiemt has some
sort of history that the current user can use fecsgic purposes.

o Log history. This history allows all databases andses} search terms,
concepts, query term structure, etc. to be stoneldr@used implicitly or
explicitly by colleagues. They can serve as recontaBons or as
precise pointers to a problem-solving activity.

o0 Link history which refers to the document of interest havimgd to
other documents (‘out-links’) and links from outsiddocuments
(‘in-links’). The links made by the PE are relatedactivities before the
relevance judgement of the document is recordedcandbe used for
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strategy and context-building activities. Also, thetual judgement
activity can be recorded, as can information on hbe document is
used for an end product. Example:
(PH) [The patent engineer writes down number amihse]
(PE) ... [W]hen inspecting the documents from theltdist, | write down the
document numbers on interesting documents linkélgetdask at hand, and | am
also looking at the reference sections and readbthkographic information for
later use. [PE writes down documents #7, 8, 17, 2nérom the first list. One of
these, document #7, is really relevant, and a skadomcument (#27) seems
interesting, so the PE downloads them in full fexta closer reading. The PE
then makes a ‘ranked list' on the paper, based dirsh relevance judgement
performance.]
[...] Document #27 is also interesting, and | wilbexine it later in order to see
what other document is citing the present one ahdtwlocument this one is
citing.
[...] (PE) When you judge the patentability, you némébok at a long chain of
cited documents backwards in the past — that eshiktory of a document that is
developed through different people’s judgemditssk 15, observation note]

In patent work, identical information needs arer&towever, some overlap is rather
common and patent engineers may share informatjoresentations where parts of a
related information need could be reused. Furtheemthe data show that the
activities in this section could be both expliciipd implicitly stated for sharing in
collaborative activities.

Human- related collaborative information search aeities
* Work task co-operationSometimes there is a need to share a patentcappii
task, for any of various reasons. This could beedmyuentiallyor in parallel (5
instances). Example:
(PE) The current application is a collaborative lifing of a complicated patent
application. It deals with three specific areas auine of the reasons we share
this workload. Before we started, all three of as down and discussed how to
plan and divide the work and search tgdlask 49, observation note]

*  Work load sharinganddivision of PA tasks. Colleagues discuss and decide how
to divide the incoming patent applications amorgntlelves in the subject group
or whether it is necessary to assign the PA tohamajroup in the organisation (6
instances). Examples:
(PH) A colleague comes into the room and asks tad Bbserved whether he
would like to take over a patent application cafke reason is that the patent
application is more closely connected topicallythie other colleague. The PE |
am observing inspects the application and accepts tequest.[Task 15,
observation note]

» Sharing ofsearch strategiesThe search process/strategy was verbally shared a
used in a collaborative way if target documentsenagosely related. In this class
we also find sharing of search terms and classifinacodes (21 instances).

(PE) Some of the claims look difficult to assestedd to consult a colleague. |
do not understand some of the chemical figuresdtatlescribed. [...] | just got
an answer from my senior colleague, with some fitation regarding

relationships between chemical compounds and haw ateemical compounds

146



could be used in new situations, and some hintsoona new, better sub-search
could be formulatedTask 49, observation note]

e Sharing ofexternal and internal domain expertisBatent engineers use both
internal and external expertise to help with probolving. Colleagues can
internally be asked for domain-specific knowledge veell as for information
retrieval specificities, while external advice migbtoncern clarification, IPR
issues, legislation, etc. (20 instances). Exangiexternal expertise:

(PE) [S]ome claims in the application were writtgna very unclear way, and
since the writer of the application was a patentdaw, | will phone and ask
them for clarifications of the topicglask 86, observation note]

e End product creationIn the final phase of a task, patent engineery ma
collaborate with each other within the group inesrtb finalise the end product of
the task. This may be done through writing a repoxtering the outcome of the
search and its applicability to the stated claimghe PA (4 instances). Example:

(PE) The single patent document that came throughast search will be filed
along with the three other relevant documents i final report (usually it is
regarded as a ‘weak’ decision when you need to oswe than three
documents). Two reports will be written. One repaitt be written in Swedish.
[...] Each of these four documents will be assigned“d, ‘y’, and/or ‘@’
judgement. Adding the fourth document, from thedaarch, could be valuable
for colleagues searching similar topics at a lastage.[Task 15, observation
note]

» Sharing ofinternal experienceAsking a colleague about experience with similar
types of application is a category that also ineslvssues such as procedural,
legal, and strategic issues (12 instances). Example

i) (PE) [I]t seems that the boundaries of differempits in this application are
unclear. | need to consult my colleagues for adwnd consensus regarding
where the topic boundaries afd.ask 86, observation note]

i) (PH) [A colleague enters the room and starts tagkwith the patent engineer
about issues regarding classification in a certéigld and how to decide which
level to begin with in a certain cas¢llask 86, observation note]

Human collaborative activities involve asking caljegies, both internally and
externally, about experiences, and search stratege One collaborative activity that
was not present but was expected in the data washharing of knowledge about
source selection. One obvious reason for the l&dkis is that the patent engineers
have a rather high level of knowledge about thelabi@ sources so know what is
there to be used.

O’Day and Jeffries (1993b) proposed four types bérmg of information in
collaborative group situations: aharing resultswith other team members, b)
self-initiated dissemination and broadcasting ¢énasting information, c) using other
people’s search requests, and d) storing potentakful information in repositories
for others to use.

The findings described above show that we could tuge additional classes that

might be integrated usefully into the framework gwsed by O’Day and Jeffries
(ibid.), below (see Figure 8.1). The differencewsn the two is thatase-building
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activity focuses on the overall activities related a specific case, while
history-buildingfocuses on the various types of traces conneotadpecific object

In Figure 8.1, these two new classes are in bold.

e Case-building activity Here, the patent engineer collects, extracts, atds
knowledge such as internal and external documantes on external and internal
people who have been contacted in this specifie,da®w the case is filed, and in
what contexts this case has been used.

» History-building for an information objectn this class is one’s collection of all
information andracesgenerated during the task performance processdives
gathering search terms, classification codes, decaisnviewed, decisions made,
relevance judgements made, and how the relevaninggats are used in the final
reports and the report creation itself.

Information access

Sharing of Broadcasting of Handling of  Archival o€ase-building  History-building
results information requests information

Figure 8.1: Classes of collaborative group activities accaydm O’'Day and Jeffries
(1993b), enhanced with two new classes

We now look more closely at the four classes suggddsy O’'Day and Jeffries (ibid.)
and the two additional levels proposed in thisi#)aa the context of comparison to
the various activities found in our study. For eathhe four classes of O’'Day and
Jeffries, we have extracted the important activiaad marked them with ‘(O)’. Then
we added to each class the information-related lamthan-related collaborative
activities found in our study (marked ‘(H)’) andsdeibed above, and mapped them to
the overall structure suggested by O’Day and &=ff(see Figure 8.2, below). With
respect to the two new classes proposed in thisishsome of the activities
mentioned in classes 1 to 4 may also be valid fasses 5-6 and therefore are
repeated since they also have a vital meaningdsetitontexts. We thus obtain the
following categorised activities:
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—Sharing of results (O) a) Sharing retrieved sesgshlts

and summaries thereof (O, H)

—Broadcast of information (03—  b) Routing informoat on the basis
of personal opinions (O)

¢) Sharing information needs (O)
—Handling of search requestsf%é d) Sharing sestreltegies (O, H)

Collaborative— Archival of information (@:)< e) Shaginesults and judgements
activities in a group repository (O,H)
f) Sharing info with the customer (O)

a) Sharing retrieved documents (H)

g) Sharing contextual information (H)
—Case (task)-building (H) h) Co-operating on tasks (H)

i) Dividing up tasks within a team (H)

j) Sharing external and internal domain
expertise (H)

k) Sharing task experience (H)

d) Sharing search strategies (H)
e) Sharing results and judgements (H)
—History-building (H)

[) Sharing history of an object (H)
m) Jointly creating end products (H)
Legend: O = O’Day and Jeffries; H = Hansen

Figure 8.2: Detailed classes of collaborative group activities

Summary of collaborative activities:

In this chapter, we have addressed our researchtigue7, concerned with the
manifestations of collaborative information handliactivities during the interactive
IS&R task process. We have shown that collaboratif@mation handling activities
are found in the general patent work tasks and I8étesses. More specifically,
these are of two types: document- and human-reldted noteworthy that these
collaborative activities belong not only to theamhation seeking stage but also to
the information retrieval stage. Finally, we cléissi a set of different collaborative
information handling activities for each of the tv@IR types. Building on the
framework of O’'Day and Jeffries, we constructed twdditional classes of
collaborative information handling activities (segure 8.1). Further to that, on the
basis of the analysis of the data, we extractedtiaddl subclasses of collaborative
group activities as depicted in Figure 8.2.

These findings clearly suggest that collaboratiMermation handling activities are
part of real-world interactive information retrid\satuations in the patent domain and
that the findings should be considered in the daesigexperimental IR studies as
well as when one is designing IIR systems.
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9

A METHOD FOR ANALYSING AND
DESCRIBING SEARCH SESSIONS IN
INTERACTIVE IR

In chapters 6 to 8, we described IS&R as embedddda work task and stated that
there are relationships among various aspects &R I8 the patent-work process.
Our data were collected from the diaries and theched search log files from patent
databases. For every individual patent task, wéysea all log files, step by step and
in detail; all of the separate activities; and #warces used, the queries and their
reformulation, relevance judgements, documentseictgjol, and document used in the
final products.

In this chapter, we present a method for capturghgvant data that may describe the
interactive information retrieval processes. Inti®ec9.1, we briefly give background
on search processes in general. In sections 9.29&8)dwe present a method for
analysing and describing search sessions. The ohéih® two steps: a) considering
how the data from the electronic diaries and ltesfivere used and b) the process of
structuring said data into usable sets. The schemigualisation in Section 9.2 and
the schematic diagrams in Section 9.3 are repraisems$ of these structured datasets
describing session-based information retrieval.

9.1 Search session processes

Marcia Bates (1979a, 1979b) proposed four categjonéh 29 search tactics and 17
idea tactics, and suggested that these shouldeveedli as interactive components in
an IR system. The tactics may also be used to seagarch processes and give the
search behaviour an explanation. Later, in 198%®8Bproposed a principle or model
called ‘berry-picking’. With this model, Bates atised the traditional IR model as
too narrow and neglecting the real user situatwith modelling of too stable
information need as one example. Bates was corvitica a real search situation is
characterised by the end users usually beginninly @ne feature and then moving
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through a variety of sources. One of the main dtarestics was that every time a
user encountered a new object of information, grsvided new ideas of paths to
follow. These new ideas will then affect the nexery and the information need.
Bates called this an ‘evolving search.” (p. 410):

- Search queries are not stable; they evolve

- Relevant documents are gathered in pieces anfilamtone single query

- Different search techniques are used during tliese of the search

- Avariety of sources are used (not only bibligrigal ones)

Some findings and processes in the present stueyalo covered by Bates’s
berry-picking model (1989). However, there are s@sgects that emerged from our
study that are mentioned by Bates but not desciibdédpth:

a) The source: Our framework, described in the gmestudy, takes multiple
information sources into account, not just one seur

b) The information need: The information need isntimed but not explicitly
described by Bates (1989). However, in the conchssi Bates (ibid., p. 421)
states that ‘[b]ecause information needs changeéme and depend on the
particular information seeker, systems should becgntly flexible to allow
the user to adapt the information seeking procéssur study, we show that
the information need may change during the IS&Rcess. Finally, different
needs may also be separately handled in differeatch sessions within a
search task. The relevant document(s) resulting ach information need in
each search session will then be merged for a fél@vance judgement.

c) The relevance judgement: We discovered thap#tent engineer performed
at least two types of relevance judgements. Intenidio sequential relevance
judgement, aggregated relevance judgements weee otilised, separately
and in combination.

d) The collaborative information handling: In tlsgidy, we found that not only
were multiple sources used and multiple searchaesperformed, but also
the search task may be a collaborative effort.

With this in mind, we now describe a method fortoapg information about the
search performance on a detailed level.

9.2 A method for describing search processes

On the basis of the analysis of the log statisdind electronic diaries, it was possible
to develop a method for extracting data and arelyi describe the interactive patent
IR processes in more detail. In this section, wecdlee our method for developing a
schematic visualisation of session-based retrieVhén, Section 9.3 describes the
development of a schematic diagram for task-spesédssion-based search processes.

As has been described in Chapter 4, our work etliglifferent data collection
methods, such as data from observations, electthai®s (see Appendix D), and log
files from each individual patent handling task fibared in our study. The electronic
diary was designed to capture all data in a stradtmanner for later analysis.

The electronic diaries were filled in by the patengineer and then returned to the
researcher on a daily basis. Each diary descrillethe information seeking and
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retrieval activities performed in the course ofttday. This ensured that each diary
and activity had a date stamp and timestamp. Eatnptask could then be followed
along a time line (see Figure 9.1, below). Includedthe electronic diaries, or
separately attached, we acquired all log filesefach task. These contained the search
logs for the various databases visited during aipéask. For any given patent task,
we might receive, for example, five separate dsawéh data to be analysed.

From each of the electronic diaries, we extractddrimation about the person who
worked with the patent task, the dates when theweBed with the task, the
information need stated, whether collaborativevétas were reported, and how the
search task and the patent handling task were &tethlThe search logs (separately
attached or pasted into the electronic diary padjotcluded the (timestamped)
iterative search sessions, the sources used, aed edch of the search terms was
used. The protocol also showed the number of ratewlbcuments retrieved,
inspected, and selected for each query. If somgtpecific happened during the task
performance, the PE made annotations either inlapefiles or separately in the
electronic diary — for example, when and how tHevance judgements were made or
how the process of selecting the final relevanb$eibocuments was performed.

The data for each electronic diary, such as sosyceéarch session(s), information
need(s), queries, retrieved document(s) and reledaoument(s), and finally the
document(s) used, were extracted and mapped isaparate table. From this table
we constructed a general schematic visualisatioseafch sessions (see Figure 9.1)
along a timeline. The schematic figure below cdéddescribed as depicting a search
task when one is using a source $here were two search sessions ésyl sp), at
two specific points in time {tand §). In search session 1, three separate queries were
made, g3 without any overlap. However, each query hadpaisge overlap with the
stated information need (in the diary, in the field ‘Information Need’) his tells us
that the PE made three separate searches, basdureen separate parts of the
information need. These three searches resultad aggregated result set.

A search task 4

Source S;

Search
5€85i0N 552

Search
session s8;

n = Information need; t = Time

Figure 9.1: Schematic visualisation of a query sequence withdearch sessions
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Above, a method for capturing and classifying défe features of search sessions is
described. When using this step-by-step method,cae construct a schematic

visualisation of session-based retrieval activitidéext, we present a formal

description of session-based retrieval sequences.

A professional workdomain (Dom) (for example, the patent domain) usually has
different types of work-relategroblems(P) that need to be solved. Specific domains
have their own specific problems that need to bleso Within these specific
domains, more or less specific procedures have blesrloped to address these
problems. Differentvork taskWT) thenencapsulate different types of problems. A
work task may then involve one or more activit@swhich one may be search task
(ST).

An information needn) has to do with a recognised gap of knowledge eapeed
by the user in work to solve a problem at handtHésmore, the information need
may, during the search task performaraenge(n:). The change can be partial or
total.

A source(S) is here a set of information objects from whicle @m more subsets can
be selected. In our study, most of the sourceglaatronic systems. A source may be
mandatory(Sy) or secondary(Sy) for the problem-solving. Mandatory sources are
source that are used in every search task, whilensiary sources are those needed in
a specific situation or for a certain task or asoaplement in order to enforce a
judgement. The final solution to a problem may duend in either type of sources.

Each source contairdcumentgO), which can be of various types (text document,
images, or other media). Thus,saurceS is selected and aearch sessiomss is
initiated and aqueryq formulated. Severaearch sessionss_) andqueries(qi-n)
may be applied (see Figure 9.1, above, which pldmeteatures along a timeline).

For eachqueryq, aresult setr(q) is retrieved and returned to the user. This is a
subset of thesourceS used. The returned query result sgf) may beinspected,
ri(q), for relevant documents (objects). The inspectedud®nt set may then be
judged for relevance and yield@evant set(q). For each individuatjueryq, there

Is aninformation needah related to that queryi(q).

The inspected result set may, of course, also rontam-relevan{r,.(q)) andpartially
relevant(rp(q)) objects. In our real-world study, one of the nelevant documents
was known since the patent engineer may have eter@aghit in a previous search
task. In a controlled laboratory setting, such ¢towls can be controlled.

The query may be changed. A subset of the reledaciment set might then be a
saved result set(r{(g). This subset can be saved and judged for fin@vagice
(sequential relevance) or saved for judgementstmbade later in the search process
(aggregated). Asequence of queries denoted byQ = (01, O2...Qn), Where g;
represents thendividual queries The aggregated result sehggregated from each
guery result, is denoted hyry(qi). Based on the saved result set, there will beeal
result sety,(Q), asubset of all saved subset$Q) O Oir4(qi), containing the objects
that will be utilised for closing of the problembgsiog task. For example, a
description of the query result, given tingeryq, may be expressed as follows:
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r(q) =r«(q) O rpr(q) O rn(a)

The following aspects of the retrieved objects lbarexpressed:
ri(q) O r(g): a subset of retrieved objects is inspected

r.(g) O ri(g): a subset of inspected objects is relevant

r«q) O r.(q): a subset of relevant objects is saved

ry (Q) O Oir«(q;): a subset of all saved subsets is used

Figure 9.2, below, provides a schematic visuabsatof the formally described
features along a timeline.

A query sequence Q (¢:-qs)

Td? t = Time; n = Information need; S =
Source; r(q) = Result set of a query

Figure 9.2 Schematic visualisation of a sequence of sessions

We have seen thatcallaborative information retrievalCIR) activity may take place
during the task performance process. A query semuigvolving such a CIR activity
may be performed either synchronously or asynchusigoIn Figure 9.3, below, we
see an asynchronous CIR activity that encompassedifferent sources and two
different information needs (within the same praiisolving task). The figure
depicts the use of another person’s a) search guety) inspected result set, the two
cases use the same expressed information needdrahsg of two different sources
(S1and 9).
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A query sequence q with a CIR activity

Previous search

Current search

User1

t = Time; n = Information need; ---- (dashed line)
= separation User1 and User2

—» = Corresponding steps in a reused query sequence

Figure 9.3 Schematic visualisation of a query sequence @it activity

Finally, Figure 9.4, below, shows a set of docurmehat actually will be utilised in
the final product of the work task. By this we mdhat one or more components
from each of these objects have been used innbegroduct. In the upper circliayo
sets of saved objec@;_4, have been recognised/identified. The first grofisaved
documentsr«(q;), comprisesdocumentsD; and O,, and the second groups(qy),
based on the two different queries within the samaceS, contains the documents
0,1, Oy, and O4. The lower circle shows theesult setr«(,q1,02) as an aggregated
document set and theet of objectsused O:ry(01,0,,0,4), containing documents
objects.

156



A query sequence with used objects activity

a)

Relevant object
(retrieved)

rs(Q‘IJ

Relevant abjects
(not retrigved)

rs(qz) "

b}

r,(01,0:04)

O = Object {O4.5; nip= Information need; r;= Result saved; = Inspected result set;
------ {dashed line) = area of information need

Figure 9.4: Schematic visualisation of a query sequence waddwbject activity

Summary:

We have described the development of a methodtifoctaring data captured from
electronic diaries and log files. Based on thesmicgired data, schematic
visualisations were created to represent the gedsised search activities. This
procedure may be viewed as a mechanism for anglysid describing sequences of
actions in an information retrieval process asqrened by one or several actors. The
basic formal description outlined serves the puepafsdescribing a query session or a
sequence of query sessions during the task perfa@narocess and shows important
features. The features represent important stegsaativities in the patent search
process. Each session can be viewed as eithegla &nstance or a set of sequential
actions. With this schematic visualisation, the ptanity, interactivity, and search
dynamics may be teased out. Therefore, the mettaydb@ valuable not only for the
patent domain but also for describing search pssses other domains. Finally, the
features of the search activities could be usedeneric analysis of searches, for
interactive IR tasks as well as for analysis of-héa search tasks.

9.3  Task-specific search processes

Next, we show examples of how the features of gagch activities can be described
(see figures 9.5, 9.6, and 9.7) as task-specifisise-based retrieval activities. The
same data (from diaries and search log fjessed to outline the schematic diagrams
described in Section 9.2 were used.

On the basis of the three patent search tasks,demtified and defined different
features, then placed them on a timeline as theyroed during the real-life task

% This list is based on analysis of three two-tasic@sses: 106, 107, and 109. Details are giveimeiuon.
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performance process. This represents the horizarisl Each action was related to a
certain time and, in its turn, started a vertichhin of actions. The schematic
diagrams starts where the patent engineer intevatiisa source. For each source, the
interactive information retrieval features of ses$s), queries, terms used, relevance
feedback, etc. have been classified. This scherdetgram may bring out interesting
features of real-life patent search tasks, suchkoasce use; which documents were
retrieved, inspected, saved, and used; differdevv@aace judgement strategies; and
also collaborative information retrieval.

In our analysis, when the different actions hadnbeetlined, a unique value was
attached to each action or event. This value imecied to a specific action in time.
That means that, for each action point along threeline, there is a corresponding
feature (for example, q = query) and, in most cagesumeric value attached to it.
That value might, for example, reflect the informmatbehaviour of the PE and how
large a specific result set was at a certain poirttme (e.g., g4) meaning that the
result set contained 34 documents). Denotationoafce S with a numerical value
attached represents a unigue source; for exampmleces $ may refer to the source
INSPEC. Another example ig#(q); seven documents were saved from the result set
from query q.

We will now provide some examples of what theseesdtic diagrams can look like
when used systematically.

Example 1 (represented in Figure 9.5) is taken fi@sk 107 (an A-type task). The
features of the information search process areteuloat different levels (or in

channels). We can see that the task was performev@ (non-consecutive) days
(Da-2). In this specific case, two days passed betwkerfitst and second day of
work with the task. We can also see that the ntgjofithe search work was done on
the first day and that the second day mainly inedlthe final judgement.

As can be seen in the example below, the schenealgethat five distinct sources
(Sa-s) were used (source 2 was used three times).
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A Task (task # 107)

5, Y Sa Sz Sy 82 Sa Ss S5
gk ss1 ss2  ss3 ssd ss5 ss6  ss7 ss8 fg’sﬁ:
\ | | \ |
ql g2 q3 qd g3 g5 g6 g7 g8 g9 gl0 q11 g12 g13 qg14 g2 qgl15 g2 ql6
| | | IR |
g
T c(1.28) Tt 2.0
Tey  Te@Te2) Tesy TopialTonzg Toas “ 24 Ty TooTora Tanz) Tas Tezs) Tozy Ter) Tc(12)(:t234j Ty
‘ K(1.234) | | | I 34 |
Fi(1g00)T2(475) T3(a) Fa(zo8) M5(59) Te(7687)7(169616(9336) Ma(s51)M10(262111(240) F12e22) Fa(10iMsel16(475) M7(3) TMa(1e2) T1a(148)17(10)
113(9336)
liz22) Tid(6) r T Tif1 Inspected
fi1(4) Ti2(59) ‘ o B U result set
Saved
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Legend: S = Source; D = Day; n = Information need; n(d,c k) = Information need (descriptive, code, keyword);
ss = Search session; q = Query, r1.n) = Result set(# objects); r; = Inspected set; rs = Saved set; r, = Used set

T =Term : T = Classification code; Ty = Keyword; Ty = Unidentified classification cade
n = Information need: ng = Classification codes; ng = Keywords; ny = Descriptive

Sources: 51 = Patent docs + related docs; 52 = EPODOC; §3 = WPI;
S4 = Paper material; S5 = Aggregated saved document set

Figure 9.5: Schematic diagram of the process of Task 107 (A task)

The next level shows search sessions (ss), and at the level below we find queries
belonging to a specific search session. Note that an identical query can be performed
several times but in different search sessions and points in time. For example, query 2
(g2) has been performed three times: in ssl1, ss5, and ss7. The query was performed
exactly two times with source 24Sand one time with source 33%.

For each query (q), variousrms (T)were used. These could be of different kinds:
classification codes, keywords, etc. Each unique term (code or keyword) or
combination of unique terms is given a specific number. For examples Plastic

and T = bulk. A combination could look like this:I 2= plastic,bulk. The scheme

gives us an overview, and we can, for example, follow that query 1 (q1) was performed

in both search session 1 and search session 6 (ss1, ss6). Furthermore, the user applied a
large number of terms in the query (in our case, in q11 and g16). This scheme could be
used to illuminate, for example, how many times a certain term was used and when in
the search process. In our example, termyd,, Was used with source S3, in search
sessions ss4 and ss7, and in queries g11 and q16.

At the level of query results, we find one level depicting each result set, including the
number of retrieved documents — for exampigysd; referring to the second result

set, containing 475 retrieved documents. The next level shows how many of these
were inspected; Iy, and, at the next saved result set level, we can see the numbers of
documents saved. For examplgaymeans that one document was saved in the first

0 An agreement between PRV and the researcher prevents us from revealing details from search logs.

159



saved set of documents. Finally, there is the level of documents actually yisgd, r
for the final task completion.

The foregoing description made it possible to read the schematic visualisation
horizontally. However, the search process could be described equally well in vertical
terms. For example, in Figure 9.5, we see that at the point when source 3 (S3) was
used, during the second search session (ss2), the patent engineer performed the third
query, g3. In this query, two classification codes were used.{T The query
resulted in result set number 54g), of 17 result sets in total. This result set
contained 59 documents. In this result set, the second of seven, all of the documents
retrieved were inspectedis(gg). In the second saved result set, one document was
saved (2¢).

In yet another example, Task 106’s parts 1 and 2 (a PCT1 task), depicted in figures
9.6 and 9.7, we see a search process that is more complex and of a larger magnitude.
This example includes a CIR activity. It also displays more variation and a certain
degree of intensity in, for example, how often sources are changed and the ways in
which terms or classification codes are repeated and combined with one another.
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Legend: S = Source; D = Day; n = Information need; ny ¢« = Information need (descriptive, code, keyword), ss = Search
session; g = Query; rj1n) = Result set(# objects); r = Inspected set; r; = Saved set; r, = Used set; CIR = Collaborative IR

T =Term: Tp,= Patent number; T = Classification code; Tk = Keyword; Teouniry = cOUntry name;
n = Information need: ny = Keywords; ng = descriptive need

S = Source: S1 = Patent source ; 52 = EPODOC; S3 = WPI;
S4 = Paper material; S5 = Aggregated saved document set

Figure 9.6: Schematic diagram of the process of Task 106 (PCTL1 task) — part 1
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PCT1 Task (task # 106b)
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Legend: S = Source; D = Day; n = Information need; nig k) = Information need (descriptive, code, keyword); ss = Search
session; g = Query; rj1.n) = Result set(# objects); r; = Inspected set; rs = Saved set; r, = Used set; CIR = Collaborative IR
T =Term : Tpn = Patent number; T, = Classification code; Ty = Keyword; Tcountry = Country;
n = Information need: nk = Keywords; nyg = Descriptive need

S = Sources: 81 = Patent source; 52 = EPODOC; S3 = WPI;
5S4 = Paper documents; S5 = Aggregated saved document set

Figure 9.7: Schematic diagram of the process of Task 106 (PCTL1 task) — part 2

We now present an example of how these features can be used in a comparative and
systematic way (see Table 9.1). We take this method one step further, taking the
features identified and marked in the scheme and systematically comparing data from
three different task processes. The way in which the features are marked in the
scheme makes it easy to collect them and tabulate them for comparison. In Table 9.1,
we have selected data from three search tasks, representing different search processes:
T106, T107, and T109.

Table 9.1: Comparison of data for three task processes: 106, 107, and 109

106 107 109
Task type PCT1 task A task AS task
Days 2 2 2
Sources 5 5 5
Search sessions 7 8 5
Queries 35 16 18
T. = Term (code) 13 6 14
T4 = Term (publication date) 2 2
T, = Term (keyword) 16 4 4
Country 1
r = Result sets 36 18 18
ri = Result set inspected 15 6 5
(4+59+22+6+3+1) | (33+19+57+21+1)
rs = Result set saved 12 4 3
(1+1+2+3) (7+1+3)
r, = Result set used 1 1 1
1) 1) 4)
CIR = Collaborative search activitieg 2 0 1
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All three search processes were completed in tws.dall of them also used five
sources. The number of search sessions varied &etive and eight. Although tasks
107 and 109 feature different numbers of queriésafid 18, respectively), they used
the same number of keywords and differ with respecthe use of classification
codes in the queries (6 and 14, respectively). Berotlifference can be seen in the
use of terms (keywords). Task 106 used 16 uniqysvées (in 35 queries), while
the other two tasks each used four keywords onlyt§iand 18 queries, respectively).

In the next part of Table 9.1, above, we find tingsuthat describe the retrieval part
of the process. We see that Task 106 has 36 diffeesult sets, in contrast to the 18
for each of tasks 107 and 109. We can also counntimber of documents in the
result sets inspected, saved, and used. For examplask 107, we can see that the
patent engineer inspected, in six distinct reselts,sthe following numbers of
documents: 4, 59, 22, 6, 3, and 1. The situatioriafek 109 is as follows: 33, 19, 57,
21, 1 for the five result sets inspected.

So what are the benefits of these two ways to arand represent data? The general
scheme with the features across two axes and dliféevels visualising the process
has the benefits of
- Showing how many days were used for task congietind when the
different activities were performed,
- Displaying the sources visited and revisited ahen in the process they were
visited,
- Showing the number of search sessions and howy thane were in relation
to different sources,
- Showing queries across several sources,
- Revealing how queries and relevance judgemengress and evolve,
- Showing single events and their context bothizaltyy and horizontally, and
- Showing the actual and final use of document iEsalt of the search process,

while a summary table may show
- Numerical comparisons between a large set ofrsate
- Patterns and anomalies within large numbers arfcbeprocesses, and
- Patterns within and between domains.

Summary:

This section addresses the second research problamethodology. We have
presented and specified a task-specific sessioedbssheme of information retrieval
action with two dimensions. This scheme allowsaiitiow the IR features and task
performance both as query sequences, horizontallyl as per-query actions,
vertically. We can see not only how a search ppesceeds but also the state for a
specific position and how it connects to relatetibas.

The depiction of the search processes in figurbs @6, and 9.7 may be used for
recording, extracting, and constructing an indee.g., for language analysis and
statistical analysis — of terms (e.qg., classifmattodes or keywords). We can also see
when and how terms were applied at different stagése search process.
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Furthermore, the different levels of result setspected sets, saved sets, and sets
used, with their individual values, may actually lmensidered as different
instantiations or parts of the relevance judgempentess. For example, the inspected
result set is a subset of the retrieved resultAethe level of an inspected document
set, the criteria for judging may have been basedth® number of documents
retrieved (for example, a retrieved set of 1,000utieents may not lead to inspection
while 75 documents might). At the saved documenlkesel, the criteria for saving of

a document for further perusal may be more cortteased than at the previous level.
Finally, in the used document set, the documents bhadergone thorough inspection
and those saved reflect the most appropriate doatsni@r completion of the task.

The schematic visualisation and the schematic dragroffer different advantages for
recording of data. The schematic visualisation ties advantage of showing the
details of a single query sequence. Each evertaas in its context. Tabulation of
several search processes (as in Table 9.1) haadtrentage of revealing patterns,
tendencies, averages, and percentages, giving gdppstatistical measurements.

Another advantage with the schematic diagram isthatilising the skeleton described,
one can see how better to collect data. For exgnimgeuld give guidance in what to
look for, and how, when designing collection of letgtistics and when inspecting a
log file. The main purpose would be to guide thiection and capturing of data.

When one uses the schematic diagrams, it is peswbiietect and pinpoint unusual
patterns, anomalies, and query characteristics sandain better insight into, and
understanding of, information search processesalligjnit is our belief that these

schematic visualisations and diagrams for visuaighe relevant features can be
utilised not only within the patent field but alsoother domains.
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10

DISCUSSION AND CONCLUSIONS

The research described in this thesis investigiB&R processes in a professional
patent office work setting. The investigation foed®n the relationship of work tasks
and IS&R tasks in order to describe patent IR pses.

The overall research question about thiéects of work task features on the
information seeking and retrieval process in théepa domainhas been addressed
through answering a series of sub-questions.

In Section 10.1, the general research question &ewe) is discussed and we
categorise a set of descriptive features of theRS#ocesses embedded in patent
work tasks. The features are related to the fisstsab-questions. Based on these
descriptive features, a general framework for gat®&R has been outlined (Section
10.2). In Section 10.3, six (of the seven) sub-joesare addressed and the
relationships between the features of the IS&R ggea@re discussed. In Section 10.4,
collaborative information search is identified amtie seventh sub-question is
addressed. Empirical results show that the pa&&RItask process involved highly
collaborative activities throughout the task stagBsprocesses have been described
through development of a scheme for capturing featun search processes. In
Section 10.5, the second research problem of melbgy is discussed. Our first
concern was to utilise a combination of data andlysis collection methods.
Secondly, we describe a methodology for analysiegdata of the task-based PIR
studies and modelling session-based informationievetl. In addition, schematic
visualisations and schematic diagrams provide elesngf its application. Section
10.6 deals with limitations of this thesis, folladvéy conclusions (Section 10.7).
Finally, in Section 10.8, we discuss future workeTspecific empirical findings are
discussed in the following sections.

10.1 The patent domain and patent IS&R phenomena

In order to answer our first main question, concgyrieffects of work task features
on the information seeking and retrieval procesthim patent domainwe performed
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in-depth exploration of the IS&R conditions withieal-life patent work tasks. This
empirical exploration included a description andssification of features of the
patent IS&R process. We describe the conditionsdal-life patent IS&R below.

At the work task level, we found goals related lte tvork tasks at three different
levels: the organisational, the group, and theviddil level. However, we decided
not to integrate these into the study. It will, lewmsr, be interesting for future studies
to investigate further how these types of goals afégct search activities.

The patent handling process involved six formaksy/pf patent tasks, each with its
own characteristics. The preparation of patent iegjppns also had different

backgrounds: they were private persons, skilledplgefrom patents bureaux, and
companies’ own patent departments, which affe@stntent of the applications in a
variety of ways.

As expected, constraints of different kinds aroseind the patent IS&R task
performance, and we established a list of workteelaconstraints, but we did not
further pursue that path. We did find, importanthat the duration of the IS&R task
considerably exceeded the usual time frame giverugers in experimental or
simulated studies of IS&R.

Related to the first sub-question, the work taskifees of the engineer’s perception
of the task difficulty and task knowledge not oslyowed a binary value of high/low
knowledge but could also involve perception of sktas both easy and difficult,
depending on specific parts of the patent task liremndgrocess. This is another
indication of a complexity inherent in real-worl8&R tasks (Bystréom & Jarvelin,
1995). With regard to domain knowledge, we detedtet the patent engineers
perceived the domain knowledge needed as residthgranside or outside their
domain of knowledge and, most importantly, it coaldo be found in both areas,
partially outside. The reason for this could bet g@me parts of the ‘problem area’
are better known to the patent engineer than qghss, in view of the complexity of
the patent application itself. The idea of diffdrlavels of knowledge was, in general,
confirmed (Jarvelin & Repo, 1983; Bystrom & Jarmell995; Jarvelin & Wilson,
2003). For example, Jarvelin and Repo (1983) sugdeshree categories of
knowledge: problem-solving knowledge, problem kremige, and domain knowledge.

We found that the work task (including the IS&R q@es) was structured or

unstructured as part of the task process andttbatiid be considered the first step in
the information seeking stage, since it involvedoanbination of guidelines, legal

aspects, work processes experienced, plannindgpéonge of specific relevant sources
and appropriate reference material, and personpéreence. Moreover, problem

formulation was identified as a natural aspecthef S&R process in real-life patent
handling, confirming, for example, findings by Ktifdu (1991) and Bystrom and

Jarvelin (1995).

Our second sub-question concerned the decompos#iwh formulation of the
information need. At the IS&R task performance levdifferent aspects of
information need were found (see Figure 10.1, beldwr example, the perceived
information need was categorised as structurediuststed and as clear/unclear. The
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information need did change in the course of thermdehandling process, which also
confirms what Bates (1989) and Kuhlthau (1991) sstg

Another feature of the information need was thatas occasionally broken down. It
was itemised with regard to task performance proeednd, as well as to the
formulation of the information need.

The information need sometime was expressed asrratima as well as with
individual terms/codes.

Further, an information need may be expressedthsrea single need or a set of
(multiple) needs. Multiple needs could be viewecdas criterion for complexity of
the task (Bystrom & Jarvelin, 1995).

Finally, in patent information search, specific doent components, such as sections
(e.g., abstract, description, and claims), refezenterms, classification codes, and
images, were pointed out as important and as rediuor the formulation of the
information need.

——
Problematic Cognitive Naturallanguac ! Query !
I ————p N e 3 e .
situation representation expression of ! representing |
User of information User information | User 1 the informatior |
perception need expresy need formalisatioi need |
| |
+é | * b oo !
Structured/ Decomposition
Unstructured of information
Clear/unclear need
Task requirements Single/multiple
for information information
need
needs

Figure 10.1 The information need process

Thus information needs have several aspects, ifiric@tion of previous work (Taylor,
1968; Mizzaro, 1998). First, the patent applicatisnen facing the patent engineer,
may lead to a ‘problematic situation’ (Belkin et, dl982a, 1982b) in which the patent
engineer needs to identify and solve a problemI|fFayvisceral need’ and Mizzaro’s
‘real information need’, RIN). The user thparceiveghe information need and creates
arepresentatiorof the problematic situation (Taylor's ‘conscioused’ and Mizzaro’s
‘PIN’). This is mainly a cognitive process. As nbtabove, this study found that the
perceived information need could be structunedfructured and clear/unclear. Thirdly,
the perceived information need can then be expig3seylor's ‘formalised need’ and
Mizzaro’s ‘request’) in narrative form or as termasyally in natural language. In addition
to these confirmatory findings, we found that thfaimation need could be expressed
in relation to topics (structuring) and source c@®@. Furthermore, the information need
might be broken down and expressed as single atipleuheeds. Subsequently, the
information need expressed is formalised, as ayqegresenting the information need.
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The sources used (related to our third sub-quésiiotiis study are those used in the
patent engineers’ normal professional work taske und that both multiple
sources and different types of sources were used. clearly shows the complexity
involved in a real-life IS&R work task process (Bysn & Jarvelin, 1995). The
patent engineers were also involved in readingdlvag, interpreting, and assessing
different types of content in these sources ofed#ht types and numbers. This also
contrasts against the general assumption, ofteliedpip laboratory IR experiments
(e.g., TREC), that searching involves only one seur

Query formulation (addressed in the fourth sub-tioe}y involves several findings,
and we identified patent engineers as using a tyaoietypes of query elements such
as keywords, codes, dates, document ID, and cowattgs. Furthermore, it was
common that both terms and classification codeexisted in the search sessions and
this may point to a multifaceted search approadménpatent domain. This handling
of a variety of search keys makes the query fortrariaa complex task. Finally, on
average, three to eight unique search terms wezd s a problem-solving task.
Jansen, Spink, and Saracevic (2000) studied Weddbaser queries and classified
the queries as unique, modified, or identical.heirt study, the first query by a user
was always a unique query. On average, a quergicea 2.21 terms. We found that
the average number of terms used per session ag guing varied between 1.56
and 8.58 terms, depending on the type of taskuirstudy, unique search terms were
identified as the number of unique terms used @neeore during a search session.

Related to our fifth sub-question, interesting tesswere found in the category of
relevance judgement. Relevance judgement was Bcfpaitformed with two, quite
different assessment strategies: sequential retev@urdgement strategy or/and an
aggregated relevance judgement strategy (see Fi§L2ebelow).

a) Sequential RJ strategy

Final relevant result set

b) Aggregated RJ strategy

User —> {0
gJ KJ +RJ *QJ +RJ
Y VY VY Vv v
(@) (o) rn(ds)  r(ds) r(as) i‘

Final relevant result set
Figure 10.2 lllustration of relevance judgement strategies
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This finding suggests that relevance judgementtiissed in a more complex and
varied way and not viewed as one single actioheend of the search session. It was
also established that the aggregated strategyvesdhree different approaches to
how documents are saved and stored when foundarglev

In the present study, we distinguish between tHeva@ce judgement strategy
described above and the relevance judgement fanglesdocument. Usually, an

object is judged as accepted or rejected (Spink &igdorf, 2001) in a binary

decision. In the patent domain, the relevance ass&s is made on a ‘graded’ scale
of predefined criteria for relevance. These criteare closely connected to the
domain, the task, and the content of the infornmatilchis confirms previous findings

on degrees of relevance (Wilson, 1973), partiaduwahce (Saracevic et al., 1988),
regions of relevance (Spink & Greisdorf, 2001), gnaded relevance (Kekéaldinen &
Jarvelin, 2002b, Kekalainen, 2005). It is importemtconsider that not just a single
document or object as a whole is judged for relegaSpecific elements/components
and parts of the document are considered differemth regard to importance (that

is, where the relevant information might be foundje established a list of such
elements and components.

Finally, closely connected to the sixth researclstjon is the information use to

allow completion of a task. In the patent domde, task completion stage or the end
result (a report or statement/acknowledgement deggthe outcome of the review of

a patent application) is closely related to the kvoraterial used during the task

performance process. Examples of such types ofrialatsed in the final product are

selected paragraphs, terms, classification codeéoter relevant sections from prior

art applications, and similar components from tézdlrdocuments. This confirms the

importance of considering the completion stage search and work task, as pointed
out by Vakkari (2003) and Savolainen (2009).

10.2 A framework for patent IS&R

From the empirical findings described above, westmicted a conceptual framework
for the patent handling process (see Figure 1@®wW). This framework divides the
patent task process into several stages. Each lséage set of sub-processes. Between
the single actor and groups of actors are interectad with different experiences and
knowledge types that affect the actor (and groupmabrs). The experience and
knowledge levels are not stable entities but cartistghanging. In a similar way, the
information need may change, depending on thedadkproblem at hand, as well as
be affected by the experiences and knowledge oftter or group of actors. The
task initiation stagenvolves registration and the delegation and assent of tasks
within the workplace and group, and the task prajp@m stage encompasses activities
such as reviewing a new or revised PA (i.e., amaapplication sent back to the
applicant by the PE after a first reading/revisioith suggestions of enhancements
and updates to the first version), planning andcstiring the task, and formulating
different requirements specific to that task. TB&R stages include activities such as
collecting appropriate information before searchifgrmulating the information
need, and selecting one or more sources to be Uibedinformation retrieval stage
includes engaging with one or more electronic sesjraquery formulation and
reformulation; and, finally, relevance judgementtigities in the task completion
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stage might include compiling and extracting retévaformation and making a final
decision or suggesting a solution. Finally, we hédneestage of information outcome —
the activities of using the information retrievexddgudged to be relevant: external
(e.g., in reports) and internal information creati®he arrows in the figure show that
the individual stages within the framework are iocé&nected to each other.

Context — social and organisational factors

\

|
pS Actor/performer 3 -
e>|(< r:eor\iglr?gg eér or i ’ Lo
P . group of actors | Information
practices ‘ need

1

Task initiation stage
Registration and classification
Delegation and assignment

N

Task stage
Task preparation
Reviewing new or revised PA

Task planning and structuring
Task requirement formulation

B

Information seeking and retrieval task stage

Information seeking Information retrieval
Information collection (Electronic) source selection
Information needs formulation Query formulation
Info needs representation Query reformulation
Source selection Relevance judgement

ﬁ 0 Vv
Task completion

Information compilation and extraction
Decision/solution

Task outcome
Report creation
Internal information creation

Legend = = Related stages in the IS&Ecpsses;< > = Interconnected prosesse
Recognised IS&R task process covered in this study

Figure 10.3 Framework for the patent handling process

This framework serves as the setting in which thvther examination will take place.
Relationships and processes and the effects wil @ discussed.
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10.3 Relationships in patent IS&R

This section examines the relationships betweeiahlas at the three main task levels
described in the section above. Significant refetiops and dependencies were
demonstrated in a set of variables within the lewéiwork tasks and IS&R tasks.

The work task category (addressed in researchiquektinvolvesthe effects of work
task characteristics on work task approadfie studied this problem by correlating
variables such as task structuring, user knowlezfg@ask topic and perceived task
difficulty, task constraints, and completion time.

Task planning may be clear and/or structured. Wirey clear planning of the patent
task was done, the patent application was oftemgtdrl by a company, while clear
and structured planning of the patent task was ddtiea when the PA was submitted
by a patent bureau.

Patent applications submitted by companies usualtyelated with formulation of
multiple information needs by the patent enginese of a combination of source
types, and the use of a high number of relevandgements during the IS&R
process. In turn, handling of patent applicatidmat tare subject to both clear and
structured task planning (often submitted by buxg¢adten involves the use of single
sources and results in a low number of relevandggments. These tasks often have
a short duration. Cosijn (2006) found that the tygework task (in that study,
academic school assignments) had a significantienfie on the type of relevance
judgement made. Task planning may involve knowledfevhat information is
needed if one is to structure and build an appat@rstrategy for executing the task;
therefore, the planning of the task itself is intpat and will affect the process.

Not very surprisinglytime (considered in hours) obviously has an effect ds.R

When many sources were used and when the aggragéégdnce strategy was used,
the task took longer to perform. One reason fos thiay be that the searcher is
learning during the search process or that thersoge information to interpret and

handle.

High domain knowledgéeads to an aggregated relevance assessmengginatale

a low level of domain knowledge usually was linkeda combined (aggregated and
sequential) relevance assessment strategy. ThiBrmensimilar research on the
relationship between prior knowledge and numbersigécts judged for relevance
(e.g., Sping and Greisdorf, 2001; Vakkari & Hak&800). Furthermore, when the
task knowledges outside the user’s field of knowledge, use dame number of
sources is commonplace, as is the use of a low auofiterms and query strings per
session, on average. So uncertainty leads to ¢areduof search terms (that might be
caused by difficulties in finding appropriate sdaterms) but also exploration of a
large number of sources; therefore, availabilityaotarger number of sources is
needed, to support term suggestions / query exparsiuch as synonyms (e.g.,
Efthimiadis, 2000).

The information need category (the subject of ne$equestion 2) was related ttoe

effects of different task characteristics on infation need formulationThis problem
was studied via variables such as perceived infbomaneed, information need
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structuring, expressed information need (representahereof) and the number of
expressed terms and search expressions, and infonmaeed change. Three
instances of information need affect other stagabe patent search process and are
discussed below, in the following order: perceivMafbrmation need, expressed
information need, change of information need.

First, a muddled perceived information need (interof specification of what is
probably needed in terms of types of sources tih, W&\ document components to
inspect, or document components such as images tospected) leads to use of a
high number of search strings.

Secondly, the expressed information need showedfisgnt relationships. Prior to

the search, the information need may be expressieer @s a single or as multiple
terms / keywords / classification codes. We fourgigaificant relationship between
information need expressed with a single term ¢xfecation code and the use of a
small number of sources. Multiple source typesuserl when the information need is
expressed with multiple terms / classification cdéurther to that, task structuring
affects the information need expressed. A clearaggh to task planning often leads
to the use of multiple expressed information need.

Thirdly, during the search process, there mightrgmea change in the information

need. When such change occurs, it usually resultse use of a single source type,
such as only electronic information sources, whilgtable information need leads to
use of a combination of source types. Change imfloemation need also leads to the
use of a low number of search terms / keywordss Ty be because the uncertainty
of the information need limits the actor to beingrenelaborate when constructing the
gueries. If the information need changes, one fesesinique classification codes (1-3),

while a stable information need encourages useanfyminique classification codes.

The category ‘source selection’ (see research mque8) was related tthe effects of
task characteristics on the types of sources amcgocontent

The main aspects of this were the type of sourak tae number of sources. A
combination of different source types leads to mlined RJ strategy, and usage of a
large number of sources leads to a long duratims,use of combined RJ strategies,
and a high number of relevance judgements withih @atent task.

The category ‘query formulation’ (the subject ofearch question 4) had to do with
the effects of task characteristics on query foanoh. Three aspects of the query
formulation showed relationships: terms used pengtand session, the number of
query terms, and the average number of combinatbgeery types.

Some correlations have already been reportedxample, a patent engineer who has
insufficient knowledge of the topic often uses awlmumber of terms per
string/session, on average. When information nebtdsge, usually one finds a low
number of query terms being used. Additional retathips will be reported on
below, in the relevance judgement section.
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The category ‘relevance judgement’ (see reseaudstmpn 5) was related tihe
effects of task characteristics on relevance judgemperformance Some
dependencies have already been mentioned, and otiikfollow below.

A very important finding was that we were able tlentify relevance judgement
strategies and that the choice of RJ strategy ledesewith the use of different source
types. A combination of source types shows a caticel with a combination of RJ
strategies, while aggregated RJ correlates witlgeusd a single source. The reason
for this may be that the patent engineer visitedgpecific source in question several
times (i.e., in several instances of opening anding), with each time representing a
specific aspect of the information need. This caekllt in several separate relevance
judgement sessions. Combination of RJ strategieselested to the number of
expressed information needs. Also, when a seardteps involves multiple
information needs, they often occur in conjunctisith a combination of RJ
strategies. The type of relevance strategy —aggregated and/or sequential — also
shows a weak correlation with the number of soutsed. Use of many sources is
connected with utilisation of a combined RJ stratddhis finding is a contribution in
line with a problem Vakkari (2000b) discussed, whielates to how relevance
evaluations change during task performance. Finalyrelationship was found
between the RJ strategy applied and the conteestymiged for relevance. When a
combined RJ strategy is utilised, terms and altstrae important content types,
while codes and abstracts are important when d@yaggregated RJ strategy is used.

It is not only the documents that are judged fdewance but also their individual

elements. We found dependencies between the nuofbetements judged for

relevance and the number of sources, the numkssuwtes used in the final product,
and the combination of types of query items. Finahd not surprisingly, RJ has an
effect ontime (hours spent on a task).

When the PE used a large number of sources and theenaggregated relevance
strategy was used, the task took longer to perf@ne reason for this may be that the
searcher is learning during the search proces$airthere is more information to

interpret and handle.

The information use (research question 6) categ@y created to addre®e effects
of task characteristics on use of information im@rto complete the taskKhe only
significant dependency relationship with informatiose was identified between the
average number of elements judged for relevancetla@dhumber of information
sources used for the final product. When two infation sources are used for
finalising of the final product (an application o), 3—8 elements in the documents,
on average, are judged for relevance. This findsngn line with the result from a
study by Huuskonen and Vakkari (2006), in which théhors state that ‘it was
important to evaluate and combine information freeveral resources’ (p. 19) and
continue that the typical outcome evaluation il concentrated ‘on the immediate
answering of questions based on material retrie(yed19) and that future research
should focus on the process of utilisation of tteanis retrieved. The present study
sheds some light on this matter in that we offexcdption and categorisation dealing
with what sources are used (see Subsection 6 ddlyvhat document components are
used (Subsection 6.4.2). Dependency was also fbatwieen use of a large number
of combinations of query types (terms, classifmaitodes, dates, document numbers,
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etc.) and a high number of information componemndp used in the final product
(see Subsection 7.2.3).

In Figure 10.4, below, we show a general schenmatarview of the dependencies
between the variables within the categories comsdielhe variables are condensed
to categories and merged into one figure. We candspendencies between almost
all categories of variables. Note that the sectiambers in the figure (e.g., 7.2.2)
point to more detailed descriptions of these retethips, found in Chapter 7.

7.1.1¢ N 7.24

Information
need
—_— 7.1.1 )
7.1] Applicant | 7.2.2 ™~ :I 7.2.17.20
Source 7.2.147.2.3
~—
e )
Patent Query 7.2.2[7.2.4
engineer | 71.1/7.2.3 formulation
; \
7.1.1/7.2.4
Work Relevance 7.2.3/7.2.4
112722724 B | 712 Judgement

7.2.4 Task 7.2.3/7.2.5
completion ||

Figure 10.4: Schematic overview of dependencies between caésgoi variables

10.4 Collaborative information search

The seventh and last research question was comtceittecollaborative information
retrieval activitiesand how these activities were manifested in thessoaf the IS&R
task performance process. Our empirical findingsaskthat the patent task process
involves collaborative activities throughout eatdge in the IS&R process.

One prevailing assumptiprespecially within IR research (e.g., TRECis that an
IS&R situation is an isolated activity. Howevergtbmpirical findings in our study
show that patent information search is not merelynaividual effort; it inherently
involves various collaborative information searchiaties. This finding is important
and contributes to reconfirming similar studiesriag that information retrieval is
not performed in isolation (e.g., Karamuftuoglu989Romano et al., 1999; Fidel et
al., 2000; Sonnenwald & Pierce, 2000; Hansen & elary 2000; Herzum &
Pejtersen, 2000; Hansen & Jarvelin, 2005; Fos@62Reddy & Spence, 2008).

First, we identified that, within the patent domaihe task performance processes
involve collaborative activities. Collaborative amfmation seeking in the patent
domain has not, to our knowledge, been reported bebore.

®1 http://trec.nist.gov/
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Secondly, we found that collaboration took placethb@synchronously and
synchronously. This was also the point of deparafréMorris and Horvitz (2007)
when they developed a system supporting asynchsoaod synchronous functions.

Thirdly, observation showed that CIR activities evgrerformed duringll IS&R
stages, including the initial stages of the IS&Rg@sses in planning of the task as
well as in formulation of queries. Most of the rasd on collaborative information
retrieval has focused on specific parts of the isgekr searching process, such as
query construction, or on collaborative searchnetdgies that support, for example,
collaborative querying and collaborative filterirag described by Foster (2006).
Sonnenwald and Pierce (2000), who studied infomnalbiehaviour in the context of
command and control (C2), confirm this finding. Tdugthors found that there was a
continuing necessity of information exchange durimgrk operations among the
command-and-control staff. However, the authors dat explicitly talk about
information searching, while our findings more dpeally describe collaborative
information retrieval actually occurring throughahe patent work task process.

Further to this, the following subtasks in the IS&Rocess especially involved
collaborative activities:

Planning tasksEven if there is a formal procedure of structgrihe work task, a
patent application may have aspects that lead partdee from that procedure.
Furthermore, issues such as how to approach afispecess or procedure, or in
what way to consult information sources never usefbre, require collaboration.
This also involvesharingof personal and subjective opinians

Problem definition Collaboration also occurred in definition of thgecific problem
at hand. Novel areas of invention and both the dexiy and the variation of
sub-problems embodied in a patent application caittea need for support if one is
to find the right focus and the core problem. Impbex cases, the core problem may
be hidden or divided into several parts. Sharipgegentations (such as classification
codes or synonyms) of the information need may laésan important activity.

The characteristics of an information obje€tree types ofistory were identified for
an object: the document history, log history, ankl history. These could be reused by
colleagues. Another element found that could beeshand reused was thentextual
relationships betweeinformation objects such as annotations, refererasg citations.

Search paths and query construction sequer@ase the problem and the information
need are defined, there may be a need for sumgpaéry formulation and reformulation
We found that for a given set of documents rel&beal topic, there was often a reason
for sharing and reusing search paths. A search gaild be reused up to a certain
point, at which a more specific and unique seaetjuence started. The possibility of
choosing the right query keys might be increasadeiise of earlier query formulations.

Task decision and relevance assessmé&usietimes a patent application was divided

between two persons and this caused them to wgether during the process; the
relevance assessments had to be made jointly &s wel
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Final task outcome and work task completidhefinal outcomeof the patent process
was often discussed with colleagues — for examiale,checking of information
previously handled by the patent office.

Taken individually, some of the findings descrilzdabve confirm previous research —
e.g., on sharing of personal opinions (Herzum, 2@0@ collaboration in sharing of
gueries (e.g., Robertson & Hancock-Beaulieu, 19%#a, 2002), while others, such
as those related to shared contextual relationdiepseen documents, collaborative
reuse of parts of a document’s history, and collatben during the closing stage of
the work task, may further knowledge of collaboratiS&R.

We also assigned two additional collaborative &ty to the four levels of
information sharing in group situations describgd@Day (1993b):case-building
andhistory-buildingactivity for an information object. We found thaetactual case,
such as a patent work task, in part or as a whoeld be reused for similar
upcoming work tasks, which was more efficient afidative for the patent examiner.
In a similar way, the history of a specific documen set of documents, or its
elements, could be reused, for more efficient fsskormance.

Finally, we identified two specific categories oflaborative activities: document-related
and human-related CIR activities. The importancauwhan colleagues as information
channels, for feedback and opinions, has beenrcoadi by Serola (2006). The first
category has to do with collaborative activitiesnifissted in document form (whether
electronic or paper-based), and the second is csedpoaf human-to-human
collaborative activities. These might be co-locatedistributed activities.

The pragmatic and holistic methodology used insiudy indicates that the findings
described above concerning CIR in patent work @m®ee also contribute to the
development of a CIR-enhanced conceptual frameamrKS&R. The framework
could be interpreted as describing two processqzaiallel: The first angrimary
processdescribes the general IS&R process and the rekdtips among the various
components. Additionally, on the right side in tthepiction of the framework, we
describe a secondary processof collaborative activities, involving both
document-related and direct human-related CIR svédcording to the framework,
IS&R is dynamic and interactive and involves inddated processes embedded in
larger work tasks. The model explicates CIR agtgitat each stage of IS&R. Task
performance may involve other processes as wdllhére we will mainly discuss the
collaborative activities in relation to the conaggdtpatent work task framework (the
area with grey shading in Figure 10.3, below).

The framework points to elements related wiien which kind of and how
collaborative activities are manifested in workktaerformance. Thehenrefers to
when in the task performance process single subt@sk, tasks of a particular kind)
are performed. Théow refers to document-related collaborative actigitibat are
mediated through documents and textual informafitiese may be written notes that
are used by others or search logs that are pratessk (re)used for similar tasks.
Document-based collaborative manifestations coalchbde explicitly (the activity is
done with the goal of sharing with others) or imply (the activity may eventually
lead to a collaborative activity but is not prinarintended to do so). The direct
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human CIR activities are of a collegial charactes.g., discussing and adjusting to
consensus within a department on how to procesgeuific situations.

In the figure below, we can see that all main stageve related CIR activities. At the
level of the performer, collaboration may be donthwnternal and external domain
expertise as human-to-human communication. Theita&tion stage involves CIR
activities related to delegation and assignment wairk tasks (human- and
document-based). The task preparation work shovedldborative events such as
sharing and working together on a work task in Wwipersonal opinions are shared
among patent engineers. During that process, aaifdifly documents are shared to
ensure proper preparation.

. . CIR event
Context - Social and organizational factors ~  _____
A/ Human
Knowledge Actor/performer P \ |} - Col_laborate with gxternal
experience an or > N and internal expertise.
A Group of actors 7 Informati
practises on
’ need Human
- Share division of task
Task initiation stage 1 ~ Document
Registration and classification - Sharlng |_nforma_t|(_)_n for
Delegation and assignment case-building activities

N

- Work task cooperation

Task stage Lic
Task preparation - Share personal opinions
Reviewing new or revised PA
Ib Document

Task planning and structuring
Task requirement formulation

N

Information Seeking and Retrieval task stage Human
- Sharing search strategies

- Sharing case-building info
- Share personal opinions

Information Seeking Information Retrieval
Information collection (Electronic) source selection D
h . ; —p ocument
Information need formulation Query formulation
: . - Share contextual
Info need representation Query reformulation relationships
Source(s) selection Relevance judgment - IS&R strategies
- Judgments

-Representation of
ﬁ\ 4\ \y information needs
] - Information object history
Task completion
Information compiling and extraction

Decision/Solution

—b Human
Task outcome - End product creation
Report creation
Internal information creation Document
- Collaborate on decision
process
Legend: - = &el stages in the IS&R processes Recognised IS&R task process covered

in this study —P = Observed CIR activities P = Observed CIR activities not a@ekin this study
< > = Interconnected processes

Figure 10.5 Framework for the patent handling process, inadgcCIR
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Most of the collaborative information retrieval i@dtes were found in the IS&R task
stage. Search strategies were a very importarmrfaahd strategies and experiences
were used collaboratively both verbally (human-toAan) and through documents
written by colleagues and related to the curremémqgatask. So, communication and
debating concerning complex search strategies esessary, especially if the search
task involves several topics and/or informationdseerlhis stage also featured other
aspects of document-related collaboration, sueamglscit collaboration through written
representations of different types of informati@eds, contextual relationships between
specific documents, and the history (such as liakd logs) related to a specific
document through annotations. In addition, assessmand judgements made by
colleagues may be reused. Finally, the framewa shows that the final stage of the
IS&R embedded work task involves collaboration. Bmel product may be finished
through collaboration (human), and the final dergprocess may be based on earlier
judgements and decisions for similar or parenttemiteports and applications.

Finally, this work set out to investigate a compl&R situation and has proved not
only that the task is complex (Bystrom & Jarveli§95) but also that the general
assumption often made that the IR activity is panked by a single person may not be
valid in a complex and information-intensive inf@tion context. In our case, all

patent engineers were rather experienced. If autyshad included participants with

less experience, for example, there might have beme collaborative activities.

10.5 The methodological approach

In relation to our second research problem, a nuetlogy for analysing the data of
the task-based PIR studies was constructed antedefin the study described here,
we focused on two aspects: The first concern waswke utilise a combination of

data and analysis collection methods. Secondly, degeloped a method for

analysing, describing, and systematically categayispatent IR sessions and
modelling session-based information retrieval. tldiaon, schematic visualisations
and schematic diagrams were developed to illusiissgoplication.

One big challenge in our study was how to collethcaind what methods to use, given
the setting of a patent work environment with iféaleonditions and practices, involving
professional patent engineers. In response to wWescollected both qualitative and
quantitative data. Our methods allowed us to oleseot only what real-life activities the
PEs performed both online and physically but alse these activities were performed
over time. This approach also made it possibleesciibe and characterise the patent
domain examined, as well as the work processepm@oedures, both at a general level
and in more specific cases. Naturally, every netthmes have its limitations.

As our data collection methods we used and combdowedata, diary data, and on-site
observations of patent actors’ performance. Outystomplied with Brennan’s (1992,
pp. 59-61) statement that a) quantitative reseeaohunfold more structural features
of the research target, while qualitative researgbports understanding of processes,
and b) qualitative methods support the subjectispextive, while the quantitative is
related more to the researcher’s own focus. Fomei@, the observations and diaries
revealed collaborative IR activities, which werd wusible from the log data. In line
with what Hyldegard (2006) reports, using diariesyngenerate very useful data in
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relation to individuals’ and group members’ behavjdask performance, and activities
and IS&R processes. We found that the diary shbaldesigned in such a way that it
allows and encourages the users to fill it in catgdl. Thus a delicate balance exists
between assignment of pre-coded categories anapbeness of user-formulated
categories. This will affect the data quality. Befdeing used by the participants, a
diary should be validated in its accuracy and uispbrlhis was done in the pilot study.
Unlike Hyldegard, we used an electronic diary, whicoved easy to use, especially
as one of the items asked the user to submit taetsdogs via the diary. It was easy
for the participants just to copy and paste thimge the diary, especially lengthy
database logs. Furthermore, it proved essentidl ttiea researcher acquired some
understanding before constructing the diarieshabpgarticipants found the categories
and content of the diaries relevant. However, seswes still require further discussion:

Type of study settingVe found it natural as well as challenging tofgen this
research in a real-life and natural setting (Gog&dnnde, 1993). The results of the
study can both inform and complement studies udmgexample, simulated work
tasks (e.g., Borlund, 2000) based on small and numetext-free laboratory
experiments. The real-life work task setting madeconfront the real conditions and
requirements of work task performance, and it warsainly rewarding to gain this
insight in an information-intensive domain. It wile possible to perform follow-up
studies based on the findings reported here asasalbnstruct enhanced and perhaps
more focused research designs using a similarpset-take smaller parts of the study
set-up into a lab-based setting. Furthermore, oéign, the participants in simulated
and laboratory-based studies are recruited frondean& settings, without domain
and task skills matching professional participa@sr work was a departure from
this.

Control over data Given the real-life setting and other issues imsewving
professional patent engineers in their work taskes,knew from the outset that we
could not claim full control over the data collesttend what actually was produced.
Without control, one may not be able to foresed¢agerdata output fully and design
for it. On the other hand, such work may be rewaydn that unexpected datasets
may emerge and new angles may be unfolded. So #éhereoth problematic aspects
and rewarding aspects. In our case, we were alWwatetur methods would create not
entirely controllable data and that we would nemth¢ prepared to adapt to the data
as they were produced. For example, for differemtables, we did not know which
categories the data would result in. Another aspttte data issue was the problem
of normalisation of the data collected, in ordealiow comparison of different types
of data.

Time Time was another uncertain aspect of the dataatmn process. Since we took
a task-based approach, the basic unit for observand data collection was the
individual work task. Especially when observing thesite work tasks, we did not
know beforehand when a task should be deemed tmemdtat the process of the
observed task would lead to. This made us congtprgpared to step in and step out
of individual work task processes, depending onphient engineers’ daily routines
and planned work. On the rewarding side, this gavamportant insight into the
workers’ daily work. Finally, another important igsof the data collection process is
that we observed only shorter units in the largerkwask process. Usually, a patent
work process takes between one and two years haensessions we observed gave us
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only small windows from that perspective. Howewee, managed to observe enough
IS&R units for us to perform systematic collectiamd analysis of the IS&R
processes and to draw conclusions.

Combined methoddVe set out to use a combination of quantitating qualitative
data collection and analysis methods, in orderaxvést and capture as diverse and
dynamic data as possible and still have reasoraiié&ol over the data collected.
This proved successful, although combining metHodslata collection and analysis
was, to some extent, a cumbersome way to orgameege, and tabulate all the data
types in workable data sheets. We must note het uking a combination of
methods has some implications, concerning bothymtdee aspects and problematic
aspects of combined methods. The utility of différdout complementary data
collection methods support @axploratory study approach in a new domain. Along
with the exploratory approach, using combined m#ghmay contribute to a dynamic
way of observing, collecting, analysing, and unt&rding what one investigates and
is therefore groductive aspeadf our methodology. Furthermore, the use of several
methods may contribute to a moegplanatory perspective in that collected and
enriched datasets in numeric form may be explaibgdqualitative data and
gualitative data may then inform models and franm&g/o

The different methods used may result in a vererdie set of data — for example,
continuous and non-continuous data or binary datadata with multiple degrees —
and may therefore creapgoblematic aspectso our methodology. For example, to
rectify the combination of different types of data, normalisation process was
utilised. A set of multiple methods also makes ftione-intensive data collection.
Some methods are demanding in terms of schedulitigtie users and handling of
incoming real-life work tasks whose analysis mayappropriate for study. In a few
cases, we needed to wait some time before the oigbgrvable task came along. In
other situations, we needed to abandon the wokkjtigs begun, because the task was
cancelled, for example. Another problematic aspeas synchronising two quite
different data collection methods during the saea-life work task.

In view of our second research problem, a methagofor analysing the data of

task-based patent information retrieval studies deeloped. In the present study,
we have focused on two elements. As noted aboeefidt concern was to utilise a

combination of data and analysis collection methedsl secondly, we developed a
method for analysis, description, and systematiegmaisation of patent IR sessions
and for modelling of session-based informationiegeal. In addition, schematic

visualisations and schematic diagrams were devissdllustrate its application.

We developed schematic diagrams that visualisedRI@ocesses and demonstrated
that various types of data can be systematicalfected and categorised, then
mapped, through this protocol. The schematic dragravers the main aspects of an
IR process and depicts the process from two petispscalong a time scale. The
vertical axis presents the relationships betweenmain ‘category’ (e.g., source (S))
and multiple search sessions, queries, terms @sebdocuments judged and saved
that are related to the source in question. Imtirezontal dimension, several parallel
channels depict separate processes. For examplenegnhorizontal channel, all
sources used are depicted. Similar channels existnBpping other IR processes,
such as search sessions, queries, terms usectlandnce judgements.
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Additionally, each category may have subclasses eawh of them have unique
(numeric) values mapped to it. These values maynbasured and compared with
those for other IR tasks, performed within or aidgsihe patent domain. Each action
may also have a timestamp, by means of which eetibna(with its value) can be
located, retrieved, and re-examined. Each categondysubclass of a main category
has a unique label (e.g., ‘S1’, in which S = sowusne 1 corresponds to the source
INSPEC). Each time that source is used, it is labdeds S1. What makes the scheme
usable and productive is that a) all actions caeive a timestamp, b) the order of all
activities with regard to the overall process itireed, and c) each category and
subclass is assigned a value. Using these catsgamig values enables comparison
with other, similar IR processes. This is truetfoyse within the patent domain, but it
is also our belief that the scheme can be usedtharalomains too. Finally, the
labelling of the different aspects of IR (as wedl their values) was also integrated
into a formal (set-theory) description of the patéhprocesses.

In summary, these results suggest that the metbgidal approach utilised can
provide insight-generating, rich, and valuable data

10.6 Limitations

The methodology used in this study was feasiblioagh tedious, and resulted in
unfolding of interesting and new aspects of IS&Raasses, of which some confirm
previous results from other researchers. It is vodting, however, that the results of
the study are based on the circumstances thatdxattthe specific time when the
investigation was performed. Some of the procesdserved may have changed
since the study was performed, which could rentelifficult to reproduce in full
some of the specific situations reported on hetw@an@es in internal organisational
procedures and enhancements to technology may afféity to reproduce the study.
Because of the methodology used, care must be takgeneralising the results from
the present study. On the other side, using thigedmumber of subjects resulted in a
surprisingly substantial quantity of data for as#&yand from which it was possible to
describe and explain patent IS&R processes.

It was our intention to try to bring some underdiag of what is actually taking
place in IS&R in a real-life setting. Thereforee thmpirical investigation described in
this thesis does not claim to examine complete vasks solely; rather, it examines
some aspects of the work tasks in relation to IS#Rormance. For example, in our
observations, we were not able to cover entirerpdtandling tasks from beginning
to end (this could take up to 18—-24 months). Irsteae chose to focus on important
and manageable episodes of IS&R activities. Evesugh the IS&R episodes
observed did not represent the complete work taslving the IS&R processes, the
monitored episodes were definitely enough and dmrtd to a rich and complex
body of data to be analysed. We also believe th#teging data from 54 separate
work tasks can be considered enough for reachiadetel that is critical for our
qualitative study. Finally, this study focused tve 1IS&R embedded in professional
work tasks, and, therefore, we have not investihdtee attributes etc. of the
performers of the tasks in depth.
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The study described here is a user-oriented stiidyas performed in a real-world
setting and entailed access to observable situgatidns is in line with the distinction
between a system-based study and a user-orientptbagih as described by
Robertson and Hancock-Beaulieu (1992):
The conflict between laboratory and operational esxpents is
essentially a conflict between, on the one handtrobover experimental
variables, observability, and repeatability, anctloem other hand, realism.
(Robertson & Hancock-Beaulieu, 1992, p. 460)

Limited control over the variables was gained tigtouhe pilot study, in which an
initial set of variables was designed for incorpiara into the electronic diaries and
observation protocols. Complete control was imgmessince the study took place in
a real-world professional situation. Therefore gapbility in the sense of conducting
a completely identical study in the same realdiéting is not possible. However, the
protocol and formalisation developed in the studyyrsolve this problem. The goal
may be not to reproduce the same exact study bemriduct a similar study, which
may explore the relationships of the set of vaaaldstablished in the present study.

10.7 Conclusions

In this study, we have analysed the relationshipgsk properties for information
access in the patent domain. The goals for theisthe@sre reached through a
longitudinal real-world study of the online infortitan searching and use of
information within the patent domain with professa¢s performing their work tasks.

a) We showed that there is a set of significanati@hships among different
aspects of the task-based IS&R process.

b) New insights were revealed, showing that theeganIS&R process also
involves collaborative information handling process

c) The study established a methodology for systeaibt studying empirical
IS&R activities and processes, in the context dtwdy carried out over a
longer span of time and in a real-life professiomatk setting.

d) Session-based patent search processes were lgeeinrough schematic
visualisations and diagrams.

e) We confirmed the conclusion, previously found iouseparate works, that
multiple search sessions, information needs, ssuiggeries, and relevance
judgements have been utilised in patent IR. Thasbnigs deviate from the
presumptions of traditional IR research models.

These insights and results contribute to an enlthooelerstanding of the specific
properties of individual aspects of, and relatiopshwithin, IS&R activities in the
patent domain as well as to a modified and enhat&&BR model.

The research questions and point of departureeopthsent study, and its findings,
continue a chain of earlier research-based studit@s. study confirms, in part or in
full, previous findings and theories (e.g., BatE839, 1990; Kuhlthau, 1993; Leckie
et al., 1996; Bystrom & Jarvelin, 1995; Ellis & Hpan, 1997; Vakkari, 1999, 2000b,
2001, 2003; Wilson, 1999; Hansen & Jarvelin, 20R005) and makes its own
contribution to general task-based IS&R studiesis T$tudy is connected to an
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established and growing base of knowledge and iborés to its development and
enhancement. Besides the core of the IS&R activitie acknowledge and consider
the importance of the beginning and the completbrthe IS&R performance, as

pointed out by, for example, Kuhlthau (1993), Vakké003), and Savolainen

(2009). The model in this research visualises @ges (in the patent domain) as
connected (see Figure 10.5).

Patent IS&R features and relationshigSiven the insight acquired via the detailed
exploration and examination of the real-life patel@main and patent engineers
performing professional work tasks, the presentlysitan contribute to an extended
research agenda by providing classification ofaldds and features that are involved
in the patent IS&R process. It has also uncovesddtionships (see Figure 10.4)

between some of the variables observed and hag/néeritified certain aspects of

the IS&R process, such as collaborative searchsngsaalised in the extended IS&R

framework.

We have discussed real-life task-based informadmress in the patent domain at the
work task level and the IS&R level. We have propoget, in the course of the IS&R
process,multiple information needsnay occur and that they may change (Bates,
1989, 1990), as well as that part of the inforrraieed may be muddled while at the
same time another part is clear. We showed thahimformation-intensive domain,
such as the patent domamultiple sources or channels such as patent databases
and Web search engines — are used in the completianwork task. Furthermore,
multiple queries and multiple sessioaee employed during a work task process.
Sometimes the same queries are used in differemnets, and sometimes a session
may be repeated in different channels. Sessionbtrfggture both complex queries
and short, simple ones. We also showedrilatvance judgementge performed in a
complex and dynamic way, and we identified two s/pé strategies here: sequential
and aggregated relevance judgements. The evolvetgren of the real-world
relevance judgements was observed effectively tiiroulongitudinal-style
process-oriented approaches to IS&R. For examplellwstrated in Chapter 9, we
showed how different relevance judgement stratege® applied over time within
an IS&R task and how the search process evolvelpisted in the visualisations of
search processes.

Dependencies observed between different featurdsnwhe work task process show
that IS&R is a complex, interactive, and integrapgdcess in which all stages are
connected in the completion of a work task. Thessduires of patent IS&R clearly

prove that previous assumptions that the searotepsois a simple and linear search
activity need to be reconsidered, both practicailythe design of experiments, and
for system design in which systems, interfaces, medns of interacting with them

need attention — theoretical and otherwise.

Collaborative information retrieval In the theoretical field, our findings extend
existing general IS&R models (e.g., Bates, 198901 &uhlthau, 1993; Leckie et al.,
1996; Bystrom & Jarvelin, 1995; Ellis & Haugen, Y99ilson, 1999) to involve

collaborative information handling events. Colladtore IS&R can be, partially or
fully, integrated into the overall work task prosgess reported by, for example,
Hyldegard (2006b). We showed that each stage ofj¢heral IS&R process may be
related to a corresponding collaborative informmatizandling element. This has
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practical and empirical implications. The design ekperiments and field
observations of IS&R processes needs to incorpdedéures that acknowledge
features of collaborative information retrieval. n$® of these features have been
presented in this study.

Methodology of real-life applicatioWWe performed the study in a real-world context
since we wanted to examine the work-related IS&Rviies both as specific units
(tasks) and as a process. The dynamic nature lelifeetS&R processes embedded in
professional work tasks has been shown, and they shas demonstrated that
dependencies exist between different levels of IB®R process. We combined
gualitative with quantitative data collection andlab/sis methods, and, in order to
analyse the search process and its features, wadoped and utilised a sequential
model for mapping of search activities and values these activities. With this
mapping, each search task can be analysed and ceinpéth other search tasks.
Thus pattern analysis as well as detailed anapfssagle tasks can be carried out.

Session-based patent:IRhrough analysis, description, and systematiegmisation

of patent information retrieval activities, we demed a way to model session-based
retrieval sessions. Furthermore, we provided schiemaualisations and diagrams
for these sessions.

Finally, the results of this study suggest that¢bastraints and opportunities of the
domain play an important role in ability to detemmiand understand the IS&R
processes; therefore, both the study and the dedigime information flow must be
tailored to the specific domain in question. Thedgtdescribed in this thesis shows us
that patent IS&R operations are performed by irthligls or as a collaborative effort.
It also shows us that IS&R is a fairly dynamic ataimplex information handling
activity. In examination of this complexity, sigitiént relationships between the work
task and IS&R tasks showed how work tasks and I&&Rs are related.

10.8 Future work

Understanding and obtaining fine details of a maitk task situation may serve the
purpose of designing further interactive IS&R expents; this knowledge could
thus benefit a more realistic real-world contexgberimental design, based on user
requirements elicitation and evaluation. We thin&ttcontinuing investigations such
as those presented in this study will contributevider and fuller understanding that
introduction of realistic derived components wiivg us better tools but also more
complex and dynamic components for a study. Alsbssquently, better experiments
may result, perhaps leading, in turn, to improvegigh of interactive information
systems.

Our study’s finding of collaborative information r@ling activities points in the
direction of it being very important to considetlaborative aspects in the design of
studies of user behaviour and IS&R processes dsawéh the design of information
systems (such as IR systems). Future research deadwith task variation, task
complexity, or type of task. Furthermore, we needdvelop frameworks in which to
examine information (seeking and retrieval) andties that address methodologies
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for evaluation of collaborative IR systems. Congstly, this knowledge will also
have an impact on the evaluation of IR systems.

Future studies could investigate the behavioursafrsi more closely. On account of
the goals of this study, personal differences armlm characteristics were not
investigated; these could yield additional knowkedand understanding of certain
IS&R phenomena. However, for this, both more ac{pegent engineers) and more
patent work tasks related to these actors are deddeally, additional research is
needed for generating understanding of the circamaests in which the collaborative
information handling activities take place. In fiteuesearch, the variables used in our
study may be fine-tuned and connected with mor&kalme metrics.
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APPENDICES

Appendix A: Classification of variables by task kv

(see Chapter 3)

Variables, descriptions and values of the taskl lergirically identified in study.

Work task
Variable Description Range of attributes
Category la: Patent application

Type of patent Type of patent application International
application National
Patent applicant The patent work task externally initiated Company

private person
Patent work task Author of patent application Company
initiation - Bureau

Externally

Private person

Patent work task
initiation - Internally

Assignment of patent WT within a group

Group-leader
Colleague

Category 1b: Task performer / Actor

Goal of work task

Individually perceived goal fopatent WT

Organisational

Group
Individual
Perceived task The WT is perceived by the performer as differentls of | Low
difficulty (Task difficulty Medium
knowledge) High
Domain knowledge | A WT is judged by the performebamg within, partly Within
within or outside own domain knowledge Within/Outside
Outside
Work task Organizational constraints when performing a patemt Cost
constraints IT support
legislation
IPR

Personal constraints when performing a patent WT

nterluptions by colleague
Shortage of time
team support

Category 1c: Patent work task

Work task The WT is planned and structured by the performer trucBured
structuring Unstructured
Task completion Amount of time units used for WT completion Hours
time Days
IS&R task
Variable Description Range of attributes

Category 2: Information need

Problem need The overall problem to be solved are perceivedess in Clear
formulation various levels Muddled
Problem need The overall problem to be solved are perceivedess in Clear
formulation various levels Muddled
Perceived The search task has a clear or an unclear struetgeeding | Clear
Information need the perceived information need Unclear
clarity

Planned Informatiol | The search task is planned in a structured/unsiredtway Structured
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need structure

by the performer

Unstructured

Information need

The information need is decomposed as regard tovieell

WT decomposition

decomposition WT IS&R decomposition
Information need The information need is changed during the coufskeeo Yes

change task performance process No

Expressed The amount of information need expressed for setasih Single

information needs Multiple

Expressed The information needed for task completion has been Narrative

information need expressed in a narrative way Terms

Document The requirements of the search task are retriewdfirhage | Text objects (Sections,

component needed
for formulation of
information need

objects such as requirements for formulation

References, Terms,
classification codes)

Image objects (Images,

structures)
Type of information | Different requirements for retrieval for the searabk Text
needed Image
Category 3: Source
Source The number of sources used within the seaskh Number of
Source combination| Type of combination of sourcesrder to complete the Paper
search task Human
Electronic
Source Numbers of search session made for eacbesour Numbers

Source content type

Different types of contentthefsources used

Classifications Code ;
Full text; Abstract;
Bibliographic; Images;
Dictionary; Lexicon

Category 4: Query formulation

Query

The numbers of unique terms used in a quengs

A-priori expressed terms

Query

The number of different query elements usalquery
string

Terms; classification
codes; doc-id; synonyms;
dates; country; structures
(biomed); Images

Query synonyms

Number of synonyms used in a quengs

Numbers

Query

Average number of query terms per string

Nensib

Query The number of combinations of query elemasés in a Types of combinations
query
Query The number of unique of classification codesd per task Numbers
Category 5: Relevance judgment
Relevance Judgmerlt RJ used in the work task initiagiidormation seeking task| Tl
and information retrieval task of the task perfonce IST
process IRT
Relevance Judgment Different types of RJ strategies within the samedetask Sequential
tactic performance resulting in several sets of docunjendiged Aggregated
Relevance Judgment Type of document elements jufdgedlevance Summary; Figure;
Claims; Description;
Term; classification

codes; hibliographic

Category 6: Information use

Information use

Type of components of informatidajects actually used to
complete the task

Paragraphs

Images
Classification codes
Abstracts

Category 7: Collaborative Information handling

User effort

User efforts used to complete WT

Single
Collaborative
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Appendix B: Interview form
(see Chapter 4)

Interview “Guide”

Procedure of the interview:

The Interview will follow an open and “theme-basptbcedure. The questions will be posed as
naturally as possible and we will rather use arorimfl discussion mode talking around these
questions. Since | have previously done two visiteave acquired some knowledge about the general
work and situations. The interview will contain gtiens about the participant (background and
experience etc.), followed by questions concerrdiffgrent knowledge levels and finally questions
about the domain/context (goals, roles, constraapiplications etc).

The interview will be tape-recorded and notes wdlwritten down. These will later on be transcribed
and analysed.

Pilot: 10-11 May 2000
Revised Interview Scheme: 13 May 2000

INTERVIEW FORM

Name:
Date:

Background: User/Actor-related

DEMOGRAPHIC

Education

Question (1): What kind of education do you have?
Vilken utbildning har du

- External: Graduate/Post-graduate
- Internal: Courses
- Domain: Engineering, Physics

Domain experience

Question (2): How many years have you been working
- at SPRO and

- in your present position?

ACTORS

Reason: Position in organisation and work-domagaar

Question(3):  What is your position?

Question(4): In what area is your expertise and in whatado you work?

TYPES OF TASK EXPERIENCE

Questions

- (5) How many years have you worked with this tgpevork (PA)?
- (6) How long have you worked in this specific ma-area?

- (7) Have you worked in other subject areas aswel

- (8) What are the characteristics of your workt®s

ISR KNOWLEDGE
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Questions:

- (9) Which databases and systems do you use rggula

- (10) How frequently do you use them?

- (11) What IR-related courses have you attendedndren?

- (12) How many years have you worked with IR-retbactivities?

- (13) Could you describe the information seekingd &etrieval activities? Do you use any specific
method/strategy (individually developed or recomdezhby the organisation)?

TYPES OF INFORMATION KNOW LEDGE
Question(14): What types of information are important foPA task and what are the requirements
regarding different types of information in orderterform your tasks?

TYPES OF INFORMATION SOURCE KNOWLEDGE

Questiors:

- (15) What types of information sources do you insa& problem-solving task?

- (16) What are the requirements regarding the smcct different information sources
(paper/humans/ electronic) in order to perform ytask?

- (17) What are the specific requirements regardivey access to electronic information sources
specifically (databases and IR-systems) within SPRO

Organisation/Context/ Domain-related

GOAL (S)

Reason: Organisational goal(s)/Group-related gphi(Bvidual goal(s) perceived /understood by the
actor.

Questiong18): What are the specific goal(s) and tasksedléo your work?

ROLES
Question(19): Describe how your work is related to youngw/department and organisation as well
as to external patent organisations

CONSTRAINTS

Reason: External factors that are affecting theifipetask performance process, such as the officia
requirements, time, place, client requirementsasibns, actors....

Question(20):  Describe what difficulties and problematictors might affect the accomplishment
of your typical tasks

COOPERATION
Reason: Description of types of collaborationshim task performing process.
Question(21):  Describe types of collaborations in the tagkforming process.

PATENT APPLICATIONS

Reason: To acquire the set of official and labefiatent applications that the respondents work asth
well as other possible tasks that occur.

Question(22):  Describe the patent applications that yonegally are working with at SPRO and
those that are most common in your own work.

PATENT APPLICANTS

Reason: Description of different types of applisasuch as individuals and company and their
characteristics.

Question(23):  Please, could you describe the differenesypf applicants that send in applications
and their characteristics
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OTHER QUESTIONS

Appendix C: Note form for observation

(see Chapter 4)

D: NOTE FORM FOR OBSERVATION

Date:

Time started:

Participant:

Patent Application (PA) ID:
Type of Patent Application (A1):

Stage of process in the Patent Application (A2)

Notes on Tasks performance

Task Planning/Construction (PA)

Information Need

Knowledge Sources

Type of Information

Information Seeking Strategies

IR technigues and Process

205

Inferences

(questions around focus items and
others situational-based events)

General physical work environment.

A3. Describe the task regarding
the construction of the task
performance process and

information seeking process?

A4. Describe the task according
to difficulty/complexity/duration
etc

A5. What are the Requirements?
regarding Task structuring and
planning?

A6. Describe how you formulate
or construct your information need?

A7. How would you describe

your information need in order to
solve the patent application task?

A8. What is the current information

need?

A9. Why are you using this
information source at this stage in

the process?

A10. What type of information or
information units are you looking
for?

All. Describe why you are taking
this path in the seeking process?

OB1. Types of general search
Techniques




Relevance and Success

Usage

Other

206

OB2. Types of request Formulation

OB3. Types of queries Formulation

OB4. Types of reformulation

Al12. Describe what is the relevant
information in this stage of the
task performance process?

A13. In what way will the
information retrieved be used in
different stages in the task
performance process (During and
after)?




Appendix D: Task performance electronic diary adtivlog

(see Section 4.1)

DIARY OF TASK PERFORMANCE PROCESS

BACKGROUND OF TASK

Date:

Participant:

Time started:

Patent Application (PA) ID (to keep track of them during time):

Type of Patent Application:

Current stage of process in the Patent Application:

Time ended (with this specific task)

DIARY FORM

TASK STAGES

Descriptions of Actions/Activities

INITIATION

History of the current Patent Application

Preparation of current task

CONSTRUCTION

Formulation of the YOUR
Problem-Solving task and Information Need Formation

PLANNING

Planning of overall Task
Performance Strategy

Planning Information
Seeking and Retrieval Strategy

TASK PERFORMANCE

Information Seeking Task
Name sources (human/paper) and information types of interest

Relevance Judgment

Information Need

Information Retrieval task
Name sources (electronic) and
Mark information types of interest

Relevance Judgment
(mark docs relevant to claims/information need)

COMPLETION

Stopping

Relevance Judgment
(mark docs relevant to claims/information need)

Information Usage
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Appendix E: Task-based protocol for data analysiSection A:

information
(see Section 4.2)

Section A: Internal Task Information.

Internal task

Task No.

Participant (Name)

Task category

Collected data for Interviews Diary Observation Post-interview
analysis (written notes + recordings| (Log-statistics + written (written notes) (e-mail
statements) correspondence
+ complementary
documents)

Official PRV documents
for analysis

G-note (granskningslapp)

Reply-document

Writtemipi (WO)

Section B: Main variables, indicators and categorig with values

1. Organizational/Contextual Setting

a. Type of applicants (%) Company/Organization &ev
b. Application preparation Company Private Bureau
c. Types of incoming A C A+ITS PCT1 PCT2 Class Assign| B other
applications (formal)
d. Collaboration
i. Type of setting Internal External
knowledge/awareness
ii. Type of information Information related to search process Informateated to task performance
knowledge/awareness procedure/structure
(requirement and need
iii. Type of channel| Individual/group: within | Individual/group: other, | Media: electronically- Media: paper-
knowledge/awareness own subject area task-topic related subject based information based information
area
2. Task and task performance process
a. Task type A B C D
(ISR) (only Retrieval) (Classification) (Other)
c. What are the task performance Task initiation Task Information Information Relevance Task
stages? phase preparation seeking retrieval phase judgment com
and phase phase pleti
structuring on
phase phas
e
d. Topic of Task Within examiners subject area @etexaminers subject area
e. Perceived Task Easy Difficult
difficulty/complexity
Structured Unstructured
ii.
g. Information (incoming application Clear Muddled
requirement characteristics/state
i.
h. Stage of current task in the overall Initial phase Interactive and answering phase  Concluding phase
task performance process? (Beginning) (Middle) (End)
3. Magnitude/Scope
a. Constraints during task Limited time to Other non IR Support/expert Database Cost Ot
performance accomplish task related tasks help with problem| connection he
(interruptions) solving problems r
b. Effective hours spent on task
c. Completion time
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. User preferences

a. Education Graduate [ Post-Graduate
|
b. Domain (patent) experience 0-2 2-5 5-10 10-20 20 -
(years)
c. Subject area experience 0-2 2-5 5-10 10-20 20
d. IR knowledge Pre-PRV IR PRV 18 month intro Update DB-courses Internal group
Knowledge course discussion

e. Role and within PRV

Examiner [

Guru-group [

Sumawi | Other

. Information need

a. Type of information need Stable/clear Stable/Unclear Unstable/clea Unstable
(perceived) unclear
i.
Structured Unstructured
ii.
b. How is the information need Descriptive Non-descriptive

formulated (output)?

(Sentence, phrase and their relations)

(Terms, concepts and class.
codes)

Short (1-2 sentences)

Long

Single aspect

Multiple aspects

c. Type of information need
representation

Text

Image

Text/Image

d. Requirements for information need Document

formulation (input) (as stated in
“preparation of current task”

Section Reference

Term

Codes
On application

Imag

14

e. How many terms are expressed ifn
the information need description?

f. Information need change?

Yes [

No

. Sources

a. Numbers of sources usef

b. Type of sources

Paper-based [

Human-based

[ Elecbased

c. Type of source content

Classification codes Full text
(Thesaurus)

Abstract

Bibliographic

Dictionarieg Le
Xi
co

Image

. Retrieval Strategies

a. Information need

Related to source

Related to information need strec

decomposition

b. Type of query-terms

Keyword

[ Synonyms |

Classifimatodes [

Document number

c. Numbers of unique
query-terms used in task

d. Numbers of synonyms
used in task

e. Numbers of items per S1
query string

S2

S3 S4 S5

S6 S7 S§| b9 S1

f. Term and info need- INTerm- Qterm INTerm - Qterm no INTerm-synonyms INTerm-synonyms | other
term relationship matrix match match match no match

g. Query structure Structured Unstructured

(Use of operators)

h. Number of Single item e.g. term| Items of same type, DocIlD Term-classification code

combinations of term-
concept-codes

or code etc.

e.g. term/tem or
code/code, etc.

Numbers of unique
classification codes entrieg
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. Relevance Judgment

a. When is RJ performed Task initiation stage Information seeking stage IR stage Task completion

within the task performance Beginning Middle End

process?

b. Number of RJ made

during the task performance

process

c. How is relevance judgedp Sequenced Concatenated

d. What parts in the Summary/ Full Part of Claims Refer| Bib- Descripti Terms Class

retrieved information is Abstract Image/ Image/ ences| info on -

judged relevant? Figures Figure ificati

on
codes
SS1-n

e. What degree of relevancg

A doc that matches whole info nee

2 docs that matches whole info

Covers a similar but not

is assigned to the relevant (X) = (a=a) need the same info need
documents? (Tague 48) (Y) = (a=b) (A)=(b>a)
SS1-RJ1-n
RJ6-A-report
RJ6-ITS-report
f. Combinations of different
relevance judgments (x,y,a
SS1-n
RJ6
. Use of information retrieved
a. What type of PA documents Articles Web documents Images Classidi
information is used? n codes
b. What type of Images Paragraphs Abstra¢t Sentences Refererlces ms TEr Classificatio
information elements is n codes
used?
¢. When in the task Task Initiation stage Information Seeking | Information retrieval Task
performance process is stage stage completion
the retrieved information stage
used?
d. How is the retrieved Produce First Prel. Report Produce Final Repg odi&re Second| Produce Produce
information used? Prel. Report Written Internal
Opinion Search Note
i
Retrieved information| Describing Topic Describing details Describing a | Describin Describing
used in relation to...| overview | (classification) method gan usage
object
ii.
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Appendix F: Excerpt from the matrix
(see Chapter 4)

The Matrix — an excerpt of variable number 8 (Retal Strategy) with indicators 8c,
8d, and 8e with its values. To the left is the nemif the task.

8c 8d 8e
No. of terms per session and
No. of unique query-terms  No. of synonyms query string

1 * * *
6 13 4 3.71
15 10 19 7.71
22 * * *
25 NA NA NA
28 18 2 3.31
33 19 12 2.27
34 7 3 2.77
35 NA NA NA
36 7 0 1.93
37 23 + STRUCT 8 5.00
43 5 4 2.97
46 * * *
49 13 22 8.58
50 * * *
52 9 4 1.8S
54 7 2 2.09
61 12 2.07

1
Legend: NA=not applicable *= no data collected.

2cnewKnowledge of task topic

2f Clear/Muddled requirement need

2e* Clear/Unclear Perceived information need

2e** Structured/Unstructured Perceived information need
2d Perceived task difficulty

2e Perceived Information need (combined 2* and 2**)
5b Expressed information need (long-short)

5b* Expressed Information need (narrative — non naeati
Sb** Expressed information need (multiple - single)

5d Document components needed for information nesdutation
5c Type of information needed (text - image)

5e Number of expressed terms

5f Information need change

6a Number of sources

6b Source type consulted

6¢C Number of content types used

6dii Number of search strings used

6do Number of search "items" requested

6d# Average number of search items/strings

6e Number of search sessions per task

8a Task or /and information need decomposition

8b Type of query term

8c Number of query term

8d Number of synonyms

8f Perceived information need term and query match
8hi Number of combinations of query types

8hii Average number of query types combination

8i Number of unique codes

9ai RJ application in TPP stages

9aii RJ applications in TPP stages

9bi Average number of RJ in TPP

9bii Number of RJ in TPP

9c Application of RJ (sequential - aggregated)

9d Average number of elements judges for relevance
9dii Number of different elements judged in single task
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10a Information sources used for final product
10bi Type of information component used in final product
10dii Part of information used from PA in new product
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Appendix G: Results: Descriptive analysis of workdhlS&R task processes
(see Chapter 6)

Table 6.1 Categorization of domain goals and their freqyenc

Domain level Domain goals
Organisational g) supporting the development and growth of Sweithidhstry and further
level development of the patent domains?{7)

h) providing applicants with high quality searclagsl services (5)

i)  protecting ideas (4);

j)  helping applicants (2);

k) disseminating information and knowledge (1)

) quick answers (1)

Group/Teandevel | d) creating and developing praxis and cosgemvithin the work team as
regard to judgments, education, etc. (3)

e) if necessary, providing information, knowledgel rotection of applied

invention (2); and

processing as many applications as possible (2)

give each application a good qualitajivegment; (6)

find what is already known and therefore naa¢oept redundant

applications or parts thereof thus identifying patethat really are unique

and therefore possible as applications; and (5)

h) give the applicant a strong protection for disas. (5)

i)  provide patent searching as a service; (4)

j)  support the development and growth of Swedislugtry (1)

Individual level

S S

Table 6.2 Distribution of types of application preparatioy task types in terms of patent applications
made (N=49)

Group 1 Group 2

A+PCT2 PCT1+A
Application preparation A PCT1 PCT2 A+ITS AS C Total +AS +C +ITS
Company 0 8 0 5 0O O 13 0 13
Private 2 0 0 0 0 O 2 2 0
Bureau 9 2 7 3 6 7 34 29 5
N= 11 10 7 8 6 7 49 31 18

Table 6.3 Distribution of type of task constraints (desoemidorder) across task type.

Type of Constrain A% PCT1% PCT2% A+ITS% AS % %
Interruptions (visitors, internal meetings, coursty 14 41 100 23 8 0
Time 27 14 0 23 33 0
IT connections 27 18 0 18 17 0
Problem Solving support 18 14 0 6 17 0
Cost 9 4 0 12 17 0
Other 5 9 0 18 8 0
100 100 100 100 100 O
N=74 22 22 1 17 12 0

Table 6.4 Distribution of completion time (days) by numlzértasks.

Completion time (days) A PCT1 PCT2 A+ITS AS CcX
1 1 3 4 0 3 0 11
2 10 2 4 2 2 7 27
3-4 2 5 0 3 0 0 33
5-6 1 0 2 0 0 17
7-8 0 0 2 0 0 14
9-10 0 1 0 0 0 0 9
Total days 29 37 12 40 7 14 139
Average # of days/task 2,23 3,08 1,50 445 1,4002D57

%2 The numbers in brackets, for example (7), mean#timut of 10 professional patent examiners made
comments on this particular aspect.
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% of total days 21 27 8 29 5 10 100
n=tasks 13 12 8 9 5 7 54

Table 6.5 Distribution of completion time (hours) by numhodrtasks.

Completion time (hourg) A PCT1 PCT2A+ITS AS C total
1-4 (2.5)* 4 (1*) 8(2) 3(1) 8(3)12(6) 3(1)
5-8 (6.5) 12(2) 22(3) 33(6) 6(1) 6(1) 5(1) 14(1)
9-12 (10.5) 54(5)12(1) O 9(1) O 0 701
13-16 (14.5) 46(3)14(1) 0 28(2 O 0 6(1)
17-26 (21.5) 44 (2)186(7) 0 904) O 0 13(1)
Total hours 160 234 41 136 14 17 602
Hours/task 12,31 19,5 5,12 154,67 2,43 11,14
n tasks 13 12 8 9 4 7 53

* = class midpoint; **= number of tasks

Table 6.6 Distribution of perceived overall work task diftilty (task knowledge) by task type (N=52)

Task knowledge A PCT1 PCT2 A+ITS AS C z
Easy () 7 58 g 54 7 78 g 67 1 25 7 100 34 65
Difficult (D) 3 25 5 46 - 22 1 11 53 75 g 0 14 27
E/D 2 17 0 0 0 0 2 22 ¢ 0 0 0 4 8
% 100 100 100 100 100 100 100

total 12 11 9 9 4 7 52

Table 6.7:Distribution (percentage) of task structuring bgkiype (N=54).

Type of task structuring A PCTPCT2 A+ITS AS C
Structured 62 73 100 78 80 100
Unstructured 23 9 0 22 20 O
Unclassifiable 15 18 0 0 0 0
% 100 100 100 100 100100
N 13 11 9 9 5 7

Table 6.8 Distribution of problem formulation clarity of iarmation needed across task types. (N=53)

Problem formulation clarity A PCT1 PCT2 A+ITS AS C
Clear problem formulation 8 (67P (81) 7 (78) 3(33) 4(80) 7 (100)
Muddled problem formulation 3 (252 (19) 2(22) 5(56) 1(20) 0(0)
Clear/Muddled problem formulation 18 0O 0(@1(1) 0@ 0(0
Total 12 11 9 9 5 7

Table 6.9 Distribution of patent engineer domain knowle ss task type. N=54

Engineer domain knowledge A PCT1PCT2A+ITS AS C
A-within own topic area (a) 39 36 100 89 40 100
Outside own topic area (b) 46 28 0 11 40 O
Combination of within/Outside own topic area (c) 5136 0 0 20 0
% 100 100 100 100 100100
Wholly or partially outside (b+c) 62 64 0 11 60 O
N=54 13 11 9 9 5 7

Table 6.10.Distribution of unique CIR activities by type assoindividual PA tasks

Type of CIR activity
Task Document-related Human-related Total
1 7 2 9
2 9 7 16
3 2 3 5
4 11 2 13
5 15 3 18
6 15 4 19
7 6 5 11
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8 12 5 17

9 7 8 15

10 10 10 20

11 4 6 10

12 2 0 2
Total 100 55 155
Mean 8,33 4,58 12,92

% 65 35 100
N=54

Table 6.11 Distribution of perceived clarity of informatiareeded by task type

Perceived clarity of information needed A PCT1 PCT2 A+ITS AS C
SC 4(31) 9(81) 7(78)1(11) 1(20) 7 (100)
SuU-Uc-uu 9(69) 2(19) 2(22)8(89) 4(80) 0(0)
N=54 13 (100)11 (100) 9 (100) 9 (100) 5 (100) 7 (100)

Legend: sc=structured/clear; su=structured/unclear,;
uc=unstructured/clear; unstructured/unclear

Table 6.12 Distribution of planning information

need strudhg across task type. (N=47)

Structuring of information need planning A PCT1 PCT2 A+ITS AS C
Structured 4(36) 9(82) 7(78) 1(20) 1(25) 7Q)0
Unstructured 7064 2(18) 2(22) 4(80) 3(75) 0D (

N=tasks (%)

11 (100)L1 (100) 9 (100) 5 (100) 4 (100) 7 (100)

Table 6.13 Distribution of change of information need bykagpe. (N=47)

Information need change A PCTPCT2 AHITS AS C
Change 38 0 0 75 0 O
No change 62 100 100 25 10000
N=tasks 13 11 9 8 5 1
% 100 100 100 100 100100
Table 6.14 Distribution of information need decompositiontiagk type. (N=36)
Information need decomposition A PCT1 PCT2  A+ITS AS C
% of information need decomposition| 100* 27 0 50 50 0
related to overall search task performarjce
N=tasks 12 11 2 8 2 1
% of information need decomposition§ 100 100 100 100 100 100
related to the information need
N=tasks 12 11 2 8 2 1

Legend: *=percentage

Table 6.15 Distribution of information need expression asrtesk type in terms of single or multiple

information need stated (N=44).

Expressed information need as single or multipkdne | A PCT1PCT2A+ITS AS C
Single 0 30 0 11 0 100
Multiple 100 70 100 89 100 O
N=tasks 13 10 2 9 3 7

Table 6.18 Distribution of PA components by task type imtsrof components needed for

information need formulation. (N=54)

PA Document components needed for informa

ion

need formulation A PCT1 PCT2 A+ITS AS C
Sections 130 194 24,0 125 125 47,4284
References 210 50 280 125 250 0915

Terms 260 250 0 250 1255 0 885

Classification codes 290 31,0 160 333 37,5 471938

Images 11,0 194 320 166 125 6,097°
N 38 36 25 24 8 15 146
% 100% 100% 100% 100% 100% 100%

215



Table 6.17 Distribution of number of sources selections &gkttype. (N=54)

Source selection A | PCTL PCT2 A+HTS AS _ C
Number of sourcé3selected 86 62 10 56 20 7
Average of sources selected 6,61 5,6 1,1 6,2 40 1,0
N tasks 13 11 9 9 5 7
Table 6.18 Distribution of source type selection by taskeypl=54)
Source type A PCT1 PCT2 A+ITSAS C
P 3 7 10
H 0
E 3 3 5 1 1 13
PH 1 1
HE 2 2
PE 2 2 3 2 9
PHE 6 6 5 2 19
Total / Av. Source types per task 233 25/2.27 10/1.11 22/2.44 11/2.20 7/1.00
# tasks 13 11 9 9 5 7 54

Legend: P = paper-based source; H = Human sourseEIEctronic source

Table 6.19 Distribution of types of source content by taghet in terms of number of source elements
used. (N=179)

Types of source content A PCT1PCT2A+ITS AS C %
Classifications Code 22 18 0 23 29 0 19
Full text 21 23 62 18 29 78 27
Abstract 21 16 15 18 23 11 18
Bibliographic 7 18 0 16 0 0 10
Images 15 20 23 16 12 11 17
Dictionary 12 2 0 3 6 0 6
Lexicon 2 2 0 5 0 0 2
% 100 100 100 100 100 100100
N= 32 25 7 21 9 5 100

Table 6.20Q Distribution of number of unique terms exprespedr to search by task type (N=34).

Number of unique terms Tot
expressed prior to the seajch PCT1 PCT2 A+ITS AS C

# Tasks 13 10 n.a. 8 3 na 34

Terms 80 52 n.a. 65 13 na 210

Average terms/task 6.154.72 n.a. 8.12 4.33 na 617

Table 6.21 Distribution of all terms and synonyms per sessised by task type. (N=36)

Terms/synonyms per sessio A PCT1 PCT2 A+ITS | AS C
Average term/sessiéh 6.66 | 4,27 n.a. 11.77 3.33 na.
Average synonyms/session 1,58 1.45 n.a. 8/11 [0.66 n.a.
Total average term
+synonyms/session 8.25 5.7R n.a. 19/88 4#.00 n.a.

Table 6.22 Distribution of terms used per session and qs#igg by task type. (N=30)

Average String per sessiolwverage term per string N Range
A 7.66 2.01 11 1,56 <->277
PCT1 11.44 1.95 10 1,13<->8,58

83 With selected sources we mean that we did natto@peated use of the same type of source within
a task solving performance.

® In this context, a session is characterized siaging point and an ending of an electronic dearc
query.
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A+ITS 9.15 411 9 156<>7,71
AS 6.75 1.61 3 1,00<->1,93
C 0 0 0 0
PCT2 0 0 0 0
36

Table 6.23 Distribution of the combination of query and temsage by task type (N=%%

Average of combinations A % PCT1 % A+HITS % AS %
Double term or code (D) 12,8 (1049 8,45 (11) 42 14,71 (7)37 0 0
Range 7-20 1-22 2-29 -
Double Doc (Doc) 3,008 11 200() 10 3,00(5) 81(1) 14
Range 1-7 1-3 1-6
Term/Code (Tcc) 3,16 (6) 12 2,66(6) 13 2,00(4) B00(3) 29
Range 1-6 1-8 1-3 1-3
Doc-Code (Dcc) 0 0 4(2) 20 3(2) 8 0 0
Author (A) 0 0 2 10 0 0 0 0
Term/doc (TD) 1 4 1 5 0 0 1 14
Term-Country (Tco) 2 8 0 0 0 0 0 0
Cite/Cited (CC) 2(2) 8 0 0 452 11 2 29
Combi Com) 0 0 0 0 1 3
Author/code (ACC) 0 0 0 0 2 5 0 0
Term/Author (TA) 1 4 0 0 2 5 0 0
Term /Structure (Tstru) 1 4 0 0 8(2) 20 1 14
2596 99,5 20,11 100 40,21 100 7.00 100
Total # tasks 12 11 8 3

Legend (most used combinations): double= 2 tern®&satassification codes in a query; doc= docuntierih a
query; Tcc=term and classification code combaratn a query; Country=country name; cite/citedewment that
are cited within another document or have citattonsther documents; combi=a combination of ;
Structure=structures of, for example, chemical conmgs; *= number of tasks

Table 6.24 Distribution of unique classification codes ugenl task by task type. N=35

Classification codes used per task A PCT1 A+ITS AS
total 51 43 45 14
average 3,93 473 5 4,67
N=task: 13 10 9 3

Table 6.25 Distribution of the stage of RJ by task typeamts of numbers of relevance judgments
made during task stages.

Relevance: Relevance judgments in TPP st agAeé?Sk P;)Tl PE;OTZ AT)L)TS ﬁ/OS C_E)ZSk Tg/f)al

6 13 9 7 13 0 9

Tl stage
(e.g. task initiation and preparation)
IST stage
(e.g. information gathering (e.g. human-human,15 9 9 7 20 0 11
Information need formulation, source selectipn)
IRT stage

. . 79 78 82 87 67 100 80
(e.g. query formulation, relevance judgment)

TI+IST total 21% 22% 18% 14% 33% 0  20%
N (judgments) 33 23 11 15 15 7 104
N (tasks) 13 11 9 9 5 7 54

Legend: TI=task initiation stage; IST=informatiageking task stage; IRT=information retrieval tatkge

Table 6.28 Distribution of relevance judgment strategy aggiion across task type (N=52)

A % PCT1 % PCT2 % A+ITS % AS % C %
Sequenced relevance judgmenpt 13 10@ 28 0 0 7 1004 80 0 O
Aggregated relevance judgmentd2 92 11 100 9 100 7 100 3 60 7 100

% The low number of tasks in this table is due talat for task types PCT2 and C
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N=tasks

| 13

11

Table 6.27 Distribution (%) of type of document elementsged for relevance across task type.

(N=52)
[Types of document elements used A% PCT1% PCT2% A+ITS% AS% %
Summary 16 24 17 18 17 574
Full Figure or part of Figure 21 17 26 18 17 13
Claim 16 13 20 14 17 574
Description 16 24 20 21 25 55
Term 10 11 11 0 0
Classification code 14 14 17 39
Reference 7 2 15 4 8 34
Bibliographic 0 2 0 0 0 0
100 100 100 100 100 1Q0
n=2o1 71 46 46 28 12 18
IAverage number of judged components per task 5.46  4.18 511 4.00 240 257
N (tasks) 13 11 9 7 5 7
Table 6.28 Distribution of number of information sources dseross task type.
Information sources used A% PCT1% PCT2% A+ITS% AS % %
Patent Application (PA) online 100 100 100 100 100 100
Article (online) 15 25 11 62 0 0
Web-page 15 8 0 25 0 0
Image 62 75 67 87 3 1
Classification code 100 6 11 62 3 1
Bibliographic 0 0 0 37 0 0
N tasks=54 13 12 9 8 5 7
N information types=137 38 32 17 30 11 9
Average information type/task 2.9 2.6 1.9 3.7 2231

Table 6.29 Distribution of information components used bsiktéype in terms of average percentage

of components used. (N=54).

Patent document Compone A% PCT1% PCT2% A+ITS% AS% % Total %
Image 12 19 17 21 27 25 76
Paragrapff 18 19 21 18 18 25 79
Abstract 16 17 19 57
Sectiofi’ 7 21 15 21 52
Reference 11 17 18 21 46
Terms 16 15 41
Classification code 20 17 15 27 59

100 100 100 100 100 100

431 473 478 367 220 400

N tasks 13 11 9 9 5 7
Av. # components and n tasks 4,3 4,6 4,4 4,10 2,20 4,

% A paragraph is a piece of text within the PAcdh be a sentence or a couple of sentences.

®7 In contrast to a paragraph, a section is defased whole separate piece of text with a heading.
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Appendix H: Cross-tabulation analysis
(see Chapter 7)

The tables contain®and Spearman rho calculations.

Table 7.2 Domain knowledge (dk) and task knowledge (tk)

Perceived task difficulty HDK LDK
High tk 7 6
Low tk 24 4
N=41 31 10
Significance x?=3.31; p<=0.10; df=1

Table 7.2 Relevance judgment strategy and Source type (6b)

Source type (P=paper, E=electronic, A % SA %
H=human)
Single Source type 18 37 4 8
Combinations of sources (PHE, PH, PE, HE 7 16 19 39
N=48 25 53 23 47
Significance X?=12.27; p< = 0.10: df=1
Table 7.3 Relevance judgment strategy vs. expressed information need
5b expressed information need A % SA %
Single (s) 10 24 0 0
Multiple (m) 9 22 22 54
N=41 19 46 22 54
Significance x>=12.59; p< = 0.01; df =1

Table 7.4 Relevance judgment strategy and Perceived information need

Perceived information need A % SA %
((un)structured/(un)clear) 5a

Structured/clear 21 47 6 14
Structured/unclear 3 7 14 32
N=44 24 54 20 46
Significance X=12.88; p< =0.01;df=1

Table 7.5 Relevance judgment strategy and hours

# of hours A % SA %
1-4 12 30 4 10
5-60 9 22,5 15 37,5
N=40 21 52,5 19 47,5
Significance X?=4.01; p< = 0.05; df=1

Table 7.6 Relevance judgment strategy and requirements for information need formulation
requirements for information A % SA %
need formulation
1-4 20 36 11 20
5-6 4 8 20 36
N=55 24 43 33 57
Significance x>=10.72; p> = 0.01; df=1

Table 7.7 Relevance judgment strategy and Number of sources (6a)
# of sources 6a A % SA %
2-5 7 21 7 21
6-10 3 9 16 49
N=33 10 30 23 70
Significance x*=23.85; p< = 0.10; df=2

Table 7.8 Relevance judgment strategy and Domain knowledge (topic)
Domain Knowledge A % SA %
HDK 58 36 37 23
LDK 9 5 41 25
LDK/ HDK 8 5 10 6
N=163 75 46 88 54
Significance X’>=24.46; p< = 0.10; df=2

Table 7.9 Relevance judgment strategy and Content type
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Type of content 6¢ A % SA %
Classification codes 11 26 1 2
Abstract 6 14 6 14
Bibliographic 3 7 8 19
Term 1 2 6 14
N=42 (tasks) 21 50 21 50
Significance x>=14.18; p< = 0.10; df=3
Table 7.10 Change of information need and source type coedult
6b (Source types consulted) Informatign % No information | %
need change need change
Slngle source typ_es 6 17 13 36
(paper, electronid,
human)
Combined source types
(E/HIP) 0 0 17 47
N=36 (tasks)
Significance X*=4.37; p< = 0.05 df=1
Table 7.11 Change of information need and average numbeu@fycterms
8c Number of Information % No information need %
query terms need change change
1-3 11 33 0 0
4-18 11 33 11 33
N=33(tasks)
Significance X>=6.153; p< = 0.025; df=1
Table 7.12 Change of information need and number of uniquieso
8i Number of Information % No information %
unique codes need change need change
1-3 18 51 4 12
4-9 6 17 7 20
N=35 (tasks)
Significance x>=3.31; p< = 0.10, df=1

Table 7.13 Multiple/single terms as expressed informatioachand number of sources.

Table 7.14 Multip

6a Number of sources S % M %
1-2 8 18 4 9
3-10 3 7 29 66
N=44

Significance X?=12.37; p< = 0.001; df=1

le/single terms as expressed informatioachand source type consulted

6b (source type consulted)

S %] M %

PHE

1 3 15 49

PIHIE

9 29 6 19

N=31

Significance

X’=7.92; p< = 0.005; df=1

Table 7.15 Task topic knowledge and number of sources

6a (# of sources)

In

% Out %

1-3 20

43 1

4-8 15

32 11

N=47

Significance

X%=6.75; p< = 0.01; df=1

Table 7.16 Task topic knowledge and terms per session ardyciring

8e (average terms per sessior
and query string)

In % Out

0-200

4 15 8

200-

13 48 2

N=27

Significance

X%=6.01; p< = 0.025975; df=1

Table 7.17 The perceived task difficulty and clear or mudiiieformation need.

2f (clear/muddled information
need)

E % D %

c

29 60 7 15
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M 5 10 7 15
N=48
Significance X°=4.840; p< = 0.05; df=1

Table 7.18 Clear/muddled information need and source typsuited
6b (source type consulted) C % M %
E/H/P 20 50 2 5
HEP 9 22,5 9 22,5
N=40
Significance X°=6.38; p< = 0.025; df=1

Table 7.19 The number of sources and type of patent apglican
1b (patent applicant) 1-3 % 4-7 %
Company 1 2 12 26
Bureau 17 37 16 35
N=46
Significance X?=5.79; p< = 0.025; df=1

Table 7.20 The number of sources and hours per task

3b (Hours per task) 1-3 % 4-7 %
1-5 15 28 3 6
6-25 12 23 23 43
N=53

Significance X?=9.56; p< = 0.025; df=1

Table 7.21 The task structuring and expressed informatia@dne

5b (expressed information need) C % CS %
Single 0 0 8 30
Multiple 9 35 9 35
N=26
Significance X?=4.11; p< = 0.05; df=1

Table 7.22 The task structuring and source type consulted
6b (source type consulted) C % CS %
E/P/H 2 8 17 65
PHE 4 15 3 12
N=26
Significance x?=3.91; p< = 0.05; df=1

Table 7.23 The task structuring and numbers of relevancgehts made in TPP
9b # of RJ made in TPP C % Cs %
1-3 2 7 18 62
410 6 21 3 10
N=29
Significance X’=7.34; p< = 0.01; df=1

Table 7.24 The task structuring and patent applicant
1b (patent applicant) Clea % CS %
Company 7 22 2 6
Bureau 1 3 22 69
N=32
Significance x’=14.89; p< = 0.001; df=1

Table 7.25 The number of sources and hours per task
3b (hours per task) C % CS %
1-9 2 6 22 63
10-25 7 20 4 11
N=35
Significance X°=9.36; p> = 0.995; df=1; (99.5%)

Table 7.268 The average number of elements judged for releyand information source used for final product
10a (source used for final product) 1-2 % 3-8 %
1 7 27 2 8
2 2 8 15 58
N=26
Significance %°=8.60; p< = 0.005; df=1;(99.5%)

Table 7.27 The average number of elements judged for releyand # RJ made in TPP
[ 9b (# RJ made in TPP) [ PHE] %] PHE % |
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1 3 8 15 42
2-10 13 36 5 14
N=36

Significance x*=9.11; p<=0.005; df=1; (99.5%).

Spearman
Table 7.28 Information need change correlations

Average number of search terms/strings

.950

Number of query terms

.950

Number of combinations of query types

.95(

Table 7.29 Number of sources (6a) correlations

Number of search sessions per task

1.0

Average number of query types combined

S o

1.0

Average number of RJ in TPP

.943

Application of RJ (sequential/aggregated)

948

Table 7.30 Average number of search items/strings

Number of expressed terms

1.00

Clear/Muddled information need

Table 7.31 Number of search sessions per task

| Average number of query types combination

| 10D

Table 7.32 Number of different elements judged in singléktas

[ Average number of query types combination

| 1.0p

Table 7.33 Domain Knowledge (within/outside) of task togRcnew)

[ Type of query terms

[ -1.00 |

Table 7.34 Perceived task difficulty (Task knowledge)

| Application of RJ (sequential-aggregated)

[ o2

Table 7.35 Number of expressed search terms to use (5e)

| Information need change during TPP

[ 950

Table 7.36 Information sources used for finalizing the produ

Number of expressed terms

1.00

Average number of search items/strings

1.00

Number of query term

1.00

Table 7.37 Type of PA information component used in finabguct

| Number of search strings used

[ 975 |
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