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Abstract

In this article we investigate the expressions of collaborative activities within
information seeking and retrieval processes (IS&R). Generally, information seeking
and retrieval is regarded as an individual and isolated process in IR research. We
assume that an IS&R situation is not merely an individual effort, but inherently
involves various collaborative activities. We present empirical results from a real-life
and information-intensive setting within the patent domain, showing that the patent
task performance process involves highly collaborative aspects throughout the stages
of the information seeking and retrieval process. Furthermore, we show that these
activities may be categorized and related to different stages in an information seeking
and retrieval process. Therefore, the assumption that information retrieval
performance is purely individual needs to be reconsidered. Finally, we also propose a

refined IR framework involving collaborative aspects.
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1 Introduction

Today, it is essential for professional workers to both stay informed and inform their
work environments in order to effectively manage knowledge and stay competitive,
effective and innovative. The flow of information (e.g. gathering, assimilation, and
creation of information) involves increasingly complex means. It is also well
recognized that people act in a social and organisational context together in groups
when trying to solve seeking problems (Karamuftuoglu, 1998, Munro et al., 1999;
Soininen & Suikola, 2000). Therefore, in order to understand aspects of collaborative
activities from an information seeking and retrieval (IS&R) perspective, we need to
investigate the manifestations of collaboration.

However, one prevailing assumption in information retrieval (IR) is that problem
understanding, query formulation and retrieval is basically viewed as an individual
activity and that the searcher performing the task is in a rather isolated situation.
Decontextualized approaches to information seeking and retrieval activities cannot
but yield narrower findings than investigations involving information access in
dynamic and real-life work place environments as mentioned above. Therefore
collaborative information handling activities should be related to both information

seeking (1S) and information retrieval (IR) processes.

We have investigated the problem of collaboration in the context of the handling of
patent applications. As to the knowledge of the authors, there are no prior studies
regarding collaboration in relation to the information seeking and retrieval processin
the patent domain. The approach in this study was to analyse the problem of

collaborative activities and information access through the subtasks of the patent



application handling process. In this article we empirically investigate collaborative
aspects of IS&R processes in the information-intensive work setting of patent
domain. We collect both qualitative and quantitative data on users performing real-

life IS& R tasks to identify and classify different types of collaborative activities.

So far, there is no widely accepted definition of collaboration, sometimes also
referred to as cooperation. In this study, collaboration is specifically related to
information retrieval (IR), and thus, we work from the following broad and
preliminary definition of Collaborative Information Retrieval (CIR): CIR is an
information access activity related to a specific problem solving activity that,
implicitly or explicitly, involves human beings interacting with other human(s)
directly and/or through texts (e.g., documents, notes, figures) as information sources
in an work task related information seeking and retrieval process either in a specific
workplace setting or in a more open community or environment. This definition is
preliminary, and needs refining through empirical observations and investigations.
CIR means active and explicit retrieval of information for solving a specific task. On
agenera level, it can be said that sharing information is usually about sharing already
acquired information, while CIR deals with searching for information. Sometime

these do coincide.

The article is organized as follows. In Chapter 2 we discuss the concept of
collaboration and its relation to IS&R and CSCW. We aso present some
characteristics of collaboration in general which are relevant to our study. Chapter 3
describes the research questions that guided our empirical study and the study design.

We propose a conceptual framework for collaborative information seeking and



retrieval in a professional information intensive domain. We also present a short
overview of the patent handling process. In Chapter 4 we present the empirical results
from the study and finaly, in Chapter 5 we lay out some conclusions and

implications for future research.

2 Collaboration in Information Seeking and Retrieval

2.1 Collaboration in prior |S& R Research

Research in Information Seeking & Retrieval (IS&R) views, in professional settings,
the IS& R process embedded in atask performance process (e.g. Allen, 1977; Bystrom
& Jarvelin, 1995; Hansen, 1999; Bystrom & Hansen, 2002). While collaboration is
understood as an important feature of 1IS&R, there actually is very little empirical
knowledge about collaboration in IS&R processes. An early example is Allen (1977)
who studied the differences between the information-seeking behaviour between
engineers and scientists. The study provided an understanding and proof that
engineers and scientists have different information-seeking behaviour. One of the
findings was that these two groups used information sources differently. Allen points
out important aspects of the information-seeking behaviour relevant for our study: the
importance of personal contacts and discussions between engineers and that there are
gatekeepers in organisations. Allen also studied patterns of communication within a
small research laboratory and found a typical communication network. These
networks showed central points around which communication was centred. In the
middle of these networks, key persons were identified — technological gatekeepers

(Allen, p. 145). In larger organisations, there are networks of such gatekeepers. Allen



proposes to “...organize information dissemination around them [the

gatekeeper]...” (Allen, p. 180).

Pinelli et al (1993) discuss the information-seeking behaviour of engineers from
within a conceptual framework. In this paper, the engineers are viewed as information
processing systems throughout the seeking process. A centra concept is that
information processing is the difference between information possessed and
information required and defined as uncertainty, (p. 189). The conceptual framework
assumes that, in response to e.g. a task, specific types of data, information and
knowledge are needed. The engineers act, according to the authors, aong two
alternatives: create the information or search existing information. If an engineer
decides to search for information, there are two types of information channels
available: informal or collegial networks (oral interpersonal communications with
colleagues, gatekeepers and persona collections of information) and formal
information systems (libraries, librarians, information specialists and information

retrieval system).

O'Day & Jeffries, (1993a) discusses sharing information and sharing search results
within group situations at four levels: sharing results with other members of a team;
self-initiated broadcasting of interesting information; acting as a consultant and
handling search requests made by others; and archiving potentially useful information
into group repositories. Other researchers have also pointed out that collaborative
activities may occur in earlier stages of IS&R processes (Kuhlthau, 1993;

Marchionini, 1995), but did not go deeper into CIR issues.



Recent research in IS&R extends our knowledge on how people access, retrieve and
judge information. Karamuftuoglu (1998) proposes an approach, caled social
informatics, which seeks to include the relationships between humans within an IR
process. Fidel and colleagues (2000) describe a project focusing on collaborative
activities of members of a work-team within an organization when performing IS&R

tasks.

Sonnenwald and Pierce (2000) studied information behaviour in a dynamic work
context of command and control (C2) at the battalion level in the military. The
authors highlighted phenomena they call interwoven situational awareness, which is
defined as individual, intragroup and intergroup situational awareness (c.f. awareness
in Chapter 2.2). They also found that there was a continuing necessity of information
exchange during their work operations. Even though the authors do not explicitly talk
about information searching in detail, their findings provide valuable insight into

intra- and intergroup communication in order to acquire information needed.

Hansen and Jarvelin (2000) described a set of data collection methods used in a real
life work setting investigating the information seeking and retrieval processes
performed by patent engineers. The study design was done from a task-based
approach. One of the main preliminary results in this study was that the patent
engineers were involved in different collaborative activities such as collaboration
related to internal or external activities and collaborative activities related to

individual or group related activities.



Herzum and Pejtersen (2000) report on the importance of providing support for
people when searching information systems. Two case studies were conducted
involving engineers and the authors found that people searched for documents to find
people and searched for people to obtain documents. Furthermore, they interacted
socialy to acquire information without engaging in any explicit search activity. It is
necessary to consider that there is a need to consult people with specific competencies
and experiences. These findings provide further knowledge on that people do engage

in collaborative information seeking and retrieval activities.

Cooperative and collaborative activities within an organisation often involve
information sharing. In arecent paper, Talja (2002) described and classified different
types of information sharing. Her study was done through empirical observation and
shows that collaborative seeking is a common seeking strategy. The following types
of information sharing were identified:

Strategic sharing

Paradigmatic sharing

Directive sharing

Social sharing

No sharing
The study clearly shows that collaborative seeking is as natural and common a
seeking drategy as individual seeking. However, this study does not really go deeper

into the retrieval stages of the seeking and retrieval process.

In Information Retrieval, collaborative activities have been studied and observed

among search intermediaries (e.g., O'Day & Jeffries, 1993a; O'Day & Jeffries,



1993b; Crabtree & al., 1997). The focus of the present paper however is collaboration
within work groups of colleagues —i.e., end-users — and therefore we bypass this area.

Empirical studies on collaboration in IR among end-users are scarce indeed.

2.2 Collaboration in CSCW

The motivation for the study of CIR is that most of the IS& R work assumes that the
information seeker is an individual rather than acting in a group. In this regard,
research in Computer Supported Collaborative Work (CSCW) could provide some
understandings about concepts and collaborative aspects of 1IS&R activities. CSCW
deals with collaboration in organisations and work groups, and systems supporting
collaboration, such as organizational memory, organizational information handling
and information sharing. We do not review the CSCW-literature in whole, but focus

on findings relevant for collaboration in IS& R.

In a study made by Harper and Sellen (1995) in the professional works setting of the
International Monetary Fund (IMF), it is reported that re-use of documents will most
often involve paper documents or “paper-like” equivalents. Even though the study
mainly deals with sharing of information, the findings are important. One interesting
finding reported is that socia interaction is not as important to the sharing of
objective information as it is to the sharing of interpreted information. According to
the authors this means that there is information that can stand alone and separate from
social processes. Harper and Sellen focus on the sharing of information and do not

explicitly deal with the retrieval of information.



In HCI and CSCW we find a large body of literature were attempts are made to
facilitate finding information through social networks, (e.g. The Answer Garden by
Ackerman & Malone, 1990). Another attempt is made by McDonald & Ackerman,
(1998) reporting on the Information Lens. They conducted a five-month field study
on how people in a medium-sized organisation find the expertise to construct,
maintain and support their software systems. The study deals mainly with how
people share information. They distinguish two steps. expertise identification and
expertise selection. The identification involves identifying the resources and then to
obtain them. The selection involves choosing among people with required skills and

expertise.

A professional work setting involving collaborative IS& R activities is a complex and
varied environment. In their paper, Romano et. a. (1999) describes how user
experiences with IR have informed the development of a prototype of a Collaborative
Information Retrieval Environment. The prototype is a system that is dedicated to
support collaborative information searching. The paper presents a literature study of
both the IR and Group Support System (GSS) which resulted in a list of interesting
commonalities to be taken into account such as that both IR systems and GSS's are a
single user systems; both have a single user perspective; and that many systems fail to

support how both individuals and teams work together.

Hertzum (2000) reports on how information seeking is interwoven into co-operative
work and investigates the role of people as information sources during the work of a
system design task. The author found that software engineers were looking for

practical experience rather than hard facts, and they were aso looking for



commitments rather than information. These are truly of great importance for system
design, however, the author do not go deeper into information retrieval aspects of

collaborative activities.

Based on the CSCW literature, relevant cooperative activities between humans may
for instance be classified as:
asynchronous or synchronous activities
activities based on traditional human communication or computer-mediated
loosely or tightly coupled activities
Moreover, the awareness of people, activities, or objects may vary. These are

considered in more detail below.

Traditional human communication may be asynchronous or synchronous -
asynchronous through ordinary mail and book/journal reading; and synchronous
through human face-to-face real-time communication and ad-hoc socia interactions.
Computer-mediated communication may also be asynchronous through e-mail,
searching the Internet and log viewing, and synchronous through video conferencing

(e.g. Erlich & Cash, 1994; Haake et al., 1999).

In loosely coupled activities, the system will take advantage of recommendations
from other people through observations of their information seeking behaviour such
as search paths and annotations; recommendations based on usage rates, and
explicitly stated recommendations. Tightly coupled activities may in the context of

IS& R include sharing queries and strategies for their refinement, and feedback and



judgement phases with others. It may also include sharing objects such as reviews

(Hacke et al., 1999).

Awareness is an unexplored issue in cooperation in IR. In this study we are interested
in awareness from three aspects. people, activities, and objects. Awareness of
colleagues can be divided into either awareness of individuals or groups. Secondly,
awareness of information can be investigated by focussing on, e.g., topics, types of

sources and information types.

Finaly, information sharing in professional settings may include sharing the same
need for information, search strategies, and sharing retrieved objects (Robertson and
Hancock-Beaulieu, 1997; Talja, 2002). Technologies supporting this kind of sharing
are CSCW-tools, personalized systems, content-based information filtering
(Pemberton, Rodden & Proctor, 2000) and socia information filtering, such as the
systems Information Lens (Malone et al., 1986), and Answer Garden (Ackerman &

Malone, 1996).

3. Study design

3.1 Resear ch Questions
The aim of the present study is to develop our understanding of collaborative
activities within IS& R processes and to identify what kind of collaborative activities

that can be observed in an IS&R process. We assume that an IS&R situation is not



merely an individua effort, but inherently involves various collaborative activities.
Our specific research questions are:

1. How do collaborative activities manifest themselves and how often to they occur?
2. When do collaborative activities take place in a IS& R process?

3. What are the characteristics of collaborative activities?

3.2. Study setting, data and methods

This study is part of alarger study performed at the Swedish Patent and Registration
Office' (PRV), Stockholm, Sweden. Data collection was performed on-site in a real-
life work setting involving patent engineers (PEs) performing their real-life work-
tasks. The data was collected in order to discover what PE’s actually did during their
work processes. We performed on-site observations and applied a set of combined
qualitative and quantitative data collection methods. The data were collected during 2
months (of which 5 weeks for the on-site observations). A part of our longitudinal
data describes how, what and when collaborative activities manifest themselves.
Altogether 9 patent engineers from the PRV voluntarily participated in the study. The
patent engineers worked either alone or in pairs in each office. However, as will be
shown in this paper, the patent engineers were frequently involved in collaborative
activities. The low number of participants is explained by the data collection
methodology chosen. All 9 participants were observed performing 12 unique patent
work-tasks. All participants performed 1 task, except for participants # 2, 3, and 4,
who performed 2 tasks each. Patent work tasks were observed at different stages,

which enabled us to cover al the main stages in the information handling process of

1 PRV, Stockholm, Sweden, http://www.prv.se




each patent application and thus, all stages were represented in our study. Due to time
constraints (it takes up to 2 years to complete a patent application) we limited our unit
of observation to well-established sub-tasks within the patent handling process. The
individual tasks usually took between 1-5 days to complete. During the work task, the
investigator had to adapt to normal work procedures, and thus, interruptions, other

sudden duties and natural events influenced the observations.

A pilot study was initially conducted in order to validate our methodology. After the
pilot, a group introduction was organized in which information about the components
of the project was provided to the participants. In the main study, the following data
collection methods were used:
Semi-structured and open-ended interviews. Interviews were performed before
and after the main data collection period. The pre-interviews were used to collect
data about demographics, experience and knowledge levels and descriptions on
search procedures etc. The post-interviews were done to follow-up interesting and
valuable issues detected and identified during the main data collection period. All
9 participating patent engineers were interviewed. Each interview took between 1

to 2 hours.

Electronic "Diary". An electronic “diary” was designed for the participants so that
they could describe their daily activities. The electronic diary sheet was designed
in order to be able to collect different types of data and contained aformal outline
involving specific steps to be followed when writing the diary. The outline was
based on a) an initial interview with 2 patent experts from within PRV; and b) on

the experience of the pilot study. The stages in the diary represented the main and



common steps in the patent handling process. This general outline acted as a
“reminder” for the participants. The participants were asked to freely add
whatever they thought was of interest. The diary also contained empty fields so
that logging information” could be inserted from database searches. In summary,
the diaries were designed to capture the following data: full versions of log
histories from database searches; descriptions of problems to be solved and how
the PE did solve it; personal comments on the search problems and the work
process in whole; time stamps for performing sub-tasks; search terms, search
strings, classification codes used and usually a discussion related to them;
collaboration with colleagues;, handling work tasks within their own
department/group etc. Each of all the 9 participants was asked to fill out their own
diary. The data were collected during 2 months period. The participants were
asked to send back the diaries to the investigator at the end of each working day.
This ensured the investigator to do a quick check of the content and if there were
any problematic issues or peculiarities, the investigator could immediately go
back to the PE and ask for a clarification or complementary information. The
diaries were combined with the post-interviews made at the end of the data
collection period. Specific issues were drawn from the diaries and discussed
during the interview. The diary was handled electronically and the diary sheet was
sent to each participant. They were asked to copy the original sheet as many times
as necessary during the data collection period. Each participant got an ID-key to
be used together with the actual date to mark up each diary to be sent back to the
investigator. They were given a web page were they could download their diaries

individually. The investigator could then monitor the archive for incoming diaries.

2 Log information was handled in such away that it did not reveal any unauthorized information



Focus observations. In parallel to the diaries, continuous on-site visits were
performed, observing participants in their work. During observation, a list of key
guestions was asked and notes were taken. Awareness of unexpected situations
and activities was emphasized. The subjects were encouraged to "talk aloud’.
Each single observation could take up to 7-8 hours per day and for each task, 3-6
daily visits were conducted. The observations were constrained by activities such
external/internal courses and confidential internal meeting or other duties for
which the investigator did not have any access to. Each task was followed up to 5

daysin atotal (could be spread out on a 2 week period).

3.3. A short overview of the patent work task performance process

Generdly, the task performance process at PRV is formally well structured and
involves a certain set of stages (Figure 1). Initially, the patent application (PA) arrives
a PRV and is registered. The application could be filed as either a national or an
international application. The PA then undergoes a first review and a classification
process and is assigned to a department and to a specific patent engineer (PE) with
expert knowledge in the area of the PA. The PE then starts preparations and planning
for the task and reads the application in order to identify and define the problem(s)
and claims made. Further information is collected and reviewed and requirements for
the handling process are decided. The goal is to identify the information need in order
to solve the patent application task. The information need formulation stage involves
the process of describing the identified need and specific conditions for further

processing. The next stage is to identify relevant and appropriate sources to be used.



When an electronic source is selected, an IR task process isinitiated. For this purpose,
the PE has both internal (in-house created DB: s) and externa (commercia DB: s)
sources. Query formulation and reformulation involve the iterative formulation and
reformulation of the identified information need through constructing more or less
complex query sequences. The search outcome then undergoes relevance assessment
and judgment. When a satisfactory set of documents has been retrieved and judged as
relevant, the next phase of the process involves the use of these documents. The
retrieved documents are used for writing different reports according to the type of PA.
Depending on the type of PA, the PA may go back to the applicant for revision.
When the revised version comes back to the patent office, the PA undergoes an
inspection. Finally, when both the applicant and the patent office have agreed, a
public announcement of patent is performed and the patent is filed nationally and
internationally. What is not shown explicitly is that there are large time intervals

between the patent handling phases.

The tasks investigated in this study are the IS&R tasks (the shaded box) and start
when the patent engineer receives a classified PA and ends with judgements and

decisions on whether the retrieved documents should be used for the final report.



Figure 1. Schematic model of the Patent application handling process at PRV
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The patent engineers work in different topic areas, such as “Communication
technology” and “Optics’, etc. In general, the patent engineers handle three different
types of applications: application written by a professional patent bureau, written by
an internal patent department within a company, and finally applications written by

private persons.

The overall goal is to protect investments that individual and companies have made
into new technological innovations and developments and to stimulate the
competitiveness in Sweden in a just and fair way. The handling of the patent
applications, which is done mainly through classification, searching, retrieving,
inspecting and judging relevant information within the patent domain, will ensure that

the applied invention is treated in afair way.



Based on the interview with the patent engineers, the goals of patent work can be
described along three different levels: the organisational level, the group level, and
the individual level. These three levels cover different aspects. In short, on the
organizational level we find issues such as protecting ideas, supporting the
development and growth of Swedish industry and further development of patents;
disseminating information and knowledge; helping applicants; and providing
applicants with high quality patent searches. On the group or team level the following
important issues were recorded: providing information, knowledge and protection of
applied invention if necessary; processing as many applications as possible; creating
and developing praxis and consensus within the work team regarding judgments etc.
Finally, the individual level resulted in issues such as to give the application a good
gualitative judgment; provide patent searching as a service; to find what is aready
known and therefore not to accept redundant applications or parts thereof thus
identifying patents that really are unique and therefore possible to patent; to give the
applicant a good and strong protection for his ideas. Due to the long process time of
the patent application, there is a set of constraints that the patent engineers encounter.
The most important are (in descending order): Time (too little time to investigate the
problem satisfactorily, interruptions (this could be meetings, external phone calls
etc), problem solving support (colleagues that need support to solve a specific
problem such as a sub-topic outside the engineers own area.); IT connections failure;

and finally costs (awareness of searching expensive databases).

The Swedish patent and registration office handles approximately 4000 national

patent applications and 5000 international applications annually.



3.4. A Framework for CIR in the patent domain

Our framework for CIR in the patent domain is based on empirical observations and
adapted from a general 1S&R model. It divides the patent task process into 3 main
levels. the Work Task level (WT), which includes stages such as the initiation,
preparation and planning of the task as well as the task completion, the Information
Seeking Task level (IST) and the Information Retrieval Task level (IRT). Each level
has a set of sub-processes as can be seen in Figure 2. The framework views the IS& R
as dynamic and interactive processes embedded in a larger work-task environment
(Hansen, 1999; Bystrom and Hansen, 2002) and explicates CIR activities at each

|S&R stage.



Figure 2. CIR framework for the patent domain.
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The framework presents CIR activities that have been identified at each stage. Task
performance may involve other processes as well, but in this study we will mainly
discuss the collaborative activities in relation to the IS& R process (the area with grey
shading) and collaboration within it. The framework could be interpreted as
describing 2 processes in parallel: afirst and primary process is one that describes the

general information seeking and retrieval process and the relationships between the



different components. Additionally, on the right side of the framework, we describe a
secondary process of collaborative activities involving both document-related and
direct human-related CIR events. The processes are interrelated and may describe a
general IS&R model from a collaborative perspective. The CIR process may be
further developed into a more fine-grained level. With document-related we mean
collaborative activities that are based on documents and textual information. These
may be written notes that are used by others or search logs that are processed and
(re)-used for similar tasks. Document-based collaborative manifestations could be
made explicitly (the activity is done with the goa to be shared with others) or
implicitly (the activity may eventually lead to a collaborative activity, but is not
primarily intended to do so). The direct human CIR activities are of a collegial
character, e.g., discussing and adjusting to a consensus within a department on how to
proceed in specific situations. The direct human CIR activities are mainly
synchronous and the document-related activities are to a great extent of
asynchronous. Finally, this IS&R framework describes processes within the Patent
domain. In this framework, it is the sub-tasks within the three main stages that are of
importance. It may not be the case that CIR always takes place at al the three stages
(WT, IST, IRT). The framework aims at describing the patent handling processes and

also were one can expect to find CIR activities.



4. Resaults

4.1 Type of collaboration

The first research question concerned how collaboration activities occurred during
information seeking and retrieval processes. In order to detect collaborative actions,
we analysed transcriptions of the on-site observations and the diaries using content
analysis. A set of collaborative activities was identified. In the second phase of
analysis we found the following two main categories of collaborative activities:

document- and human-rel ated.

4.1.1 Document-related collaborative activities

This group of collaborative activities involves creating or using documents (electronic
or paper-based), such as “working notes’ that may contain information about search
strategy, query terms and classification codes (see Task 111 below) etc. Such working
notes are written down by the engineer and stored for later perusal by the engineer
himself and her colleagues within the own work group. Other relevant document-
related activities include the use of reports, reference documents, and notes
accompanying the main PA, which the applicant has judged valuable for the patent
engineer. We found 100 document-related CIR activities (Table 1) of which two are

transcribed below:

“In the incoming patent application (PA), | looked for referred patent

documents made by the applicant [in this case made by a patent bureau]. |



will now collect these documents and read them.” (These documents were

then filed together with the patent application®; task 52 - diary notes).

“| aso take notes on classes, search terms and document numbers in order

to use them later or for others to use them for similar tasks.” (Task 111 —

diary notes).
In the sample of task 52, the references in the application is made to serve several
purposes. @) they are used implicitly as evidence to show the patent office that the
applicant have the necessary underlying knowledge regarding the areain general and
the topic of the application specifically; b) they are used as pointers to the patent
engineer examining the application in some specific direction or recommending these
references as means for further understanding and discussions. The references are a
product of earlier searches made by the applicant intended to support the formal
application and the patent engineers in her/his problem solving. If the engineer finds
it interesting, the documents are retrieved. The collaborative aspect of the sample
Task 111 is that the notes are written down, stored in paper or electronic form by the
patent engineer. These notes are in some cases stored together with notes made by
other patent engineers in the same work group. These notes can later be reused by
other within/outside the work group that created them. The retrieval aspect of the
notesis that they are classified and ordered according to subject area and furthermore,
colleagues could use them for query formulation. They are both retrieval using either
search facilities on the electronically stored notes or manually using the small paper

archives managed by individual PE or work groups.

3 Authors remark.



4.1.2 Human-related collaborative activities

This category comprises of activities that directly use knowledge possessed by other
humans in the patent handling process. Examples are asking colleagues internally and
externally for advice and expert judgements. It also includes asking individuals or
groups within or outside one’s own department and subject area. We found 55

human-related CIR activities (Table 1). The following are transcribed examples:

“X gets a visit from a colleague. They both discuss what applications X
will work on in the coming period. The applications should be within
subject area. Different strategies for searching and sources to be used

were discussed.” (Task 15 — observation note).

“A colleague from my group came today and asked me for advice on how
to proceed regarding the classification of a specific patent application.”
(Task 86 —“talk aloud” during observation)
In both cases, the patent engineers synchronously collaborated involving,
among other things, specifying relevant information sources, search strategies

and classification codes.

4.1.3 Summary

The findings definitely show that 1S&R tasks are not performed in isolation. In fact,
another result from the analysis is the development of the two categories of CIR
activities. Extensive numbers of collaborative events and activities have been
observed (Table 1). Furthermore, they do not only refer to direct activities between

humans, but are also related to document-based activities.



Table 1. Distribution of unique CIR activities by type across individual 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
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

Table 1 shows that the both document-related and human-related CIR activities
occurred in all tasks except for one task. A total mean of nearly 13 collaborative
activities was observed and thus, collaborative activities are an important and
essential aspect of the IS&R processes at PRV. The results also show that both
document-related (mean 8,3) activities per task and human-related (4,6) activities per
task are common. These are a fairly high number of events. Intasks 2, 5, 6, 8, 9, and
10 altogether 15-20 collaborative events were observed. This points to a dynamic and
interactive information handling process. Tasks 1, 4, 5, 6 and 8 show 50% or greater
share of document-based collaborations than human-related. In task 2, 3, 9 and 11, we

observe a minimal but notable bias toward human-related CIR events.

4.2 Collaboration in I SR processes

Our second research question investigates when collaborative activities do occur. 12
observed patent handling tasks related to roughly 3 main task phases in the whole
patent handling process and showed the following distribution: 10 were in the initial

phase, 6 in the middle phase, and 5 at the completion phase, which makes a total of



21. This distribution is explained by the fact that some of the 12 unique tasks were

observed during more than one phase.

We decomposed the IS&R activities into stages employing our patent CIR process
model (Figure 2). We then identified collaborative activities and mapped them to the
model. Basically, the process is described as containing the following levels from a
work task perspective:
Work task level
o TI - Task Initiation Stage;
0 TP- Task Preparation and Planning Stage;
0 TC - Task Completion Stage-Usage and creation stage.
IST - Information Seeking Task level;
IRT - Information Retrieval Task level, and
At the work task level, the Task Initiation stage (TI) involves classification and task
assignment; the Task Preparation and Planning stage (TP) involves reviewing new or
revised PA, structuring the task and formulating requirements for the task in order to
be soled. At the Information Seeking level (IST) the following sub-processes are
involved: information need formulation; source(s); relevance judgement. The next
level is the Information Retrieval level (IRT) that includes source selection, query
formulation and relevance judgement. The final main stage is the Task completion
stage (TC) and belongs to the Work Task level, involving activities such as
information use and creation. The framework in Figure 2 depicts collaborations at
different stages. The single activities within the whole process were counted and

categorized and then mapped to the corresponding stage in the IS& R process.



Table 2. Activities by collaborative categories along 1S& R process stages

The IS& R process stage Collaboration categories
Document- Human- Total
related related
# % # % # %
TI 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 2 shows how different categories of CIR activities were distributed across
IS& R process stages. We see that collaborative activities were observed at all stages
in the ISR process. Altogether 155 collaborative activities related to the 1S&R
process. In al, 65% of the activities were document-related which implies that the
patent engineers experience a need to (re) use document-based information created by
themselves or by others. This suggests that the patent system need to be designed
carefully to facilitate reuse of document-related information. Not surprisingly, the
task preparation (TP) stage shows a rather high score of collaborative activities (17%
document-related events and 29% human-related events). Furthermore, the
information seeking stage (IST) had the highest score of 43% document-related

events and 44% for human-related collaborative events.

Altogether 55 of CIR activities (or 35%) were human-related. In this category, the
stages of planning the task (TP) and the information seeking stage (1ST) show a high
score of CIR activities (29% respectively 44%). However, very interesting indications
emerge in the information retrieval (IRT) stage in which a total of 25 (16%) CIR
events were observed for both the categories. This stage is normally believed to

involve individual activities of information processing, but as can be seen,



collaboration is frequent. Furthermore, a rather low number of human-related CIR
activities occur in the task completion stage (5%). In order to check the reliability of
the categorisation of the data, we performed an intra-categorizer reliability check.

Reliability was found to be 95% after a re-categorization of the data 3 months later.

Figure 3. Distribution of collaborative activities by |S& R process stage (N=155)
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35
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1 M T

I TP IST IRT TC
0 Document 10 17 43 17 13
O Human 4 16 24 8 3

Legend: TI=TasK Initiation; TP=Task Planning; | ST= Information Seeking Task;

IRT= Information Retrieval Task; TC=Task Completion.

In Figure 3 we can see the distribution of all 155 CIR occurrences over the IS&R
process stages. The results show that there are document-related CIR activitiesin all
sub-stages in the IS&R process. Clusters with the highest degrees of document-
related activities were found in the information-seeking task (43 events). We found a
relative high degree of document-related events at the task planning stage,
information retrieval task and information completion (TC) stage (17, 17 respectively
13). There is a high level of human CIR activities at information-seeking task (24)

involving e.g. formulating information needs.



Table 3: The distribution of CIR activities over IS& R stages

WT IST IRT
Ti tp,tc ist irt

# # #
Doc 40 43 17
Hum 23 24 8
63 67 25
% 41 43 16

n=155

Table 3 shows the distribution of 1S&R stages along the three major task levels of
patent handling. In al 41% of the CIR activities occurred at the work-task level
(ti,tp,tc) and 43%, respectively 16%, at the seeking and retrieval levels. If we
decompose the activities further into document- or human-related events we observe
an interesting pattern where 63% of all activities within the work task level were
document-related events. The same pattern can be observed at the information
seeking level (64%). Roughly, one third of the activities at all stages were human-

related.

Finally, we want to decompose the data further according to three categories earlier
proposed and described (Jarvelin & Repo, 1983; Bystrom & Jarvelin 1995; and
Jarvelin & Wilson, 2003): problem solving knowledge (PSK - deals with how
problems should be treated and what knowledge is needed to solve problems);
problem knowledge (PK - describes the structure and properties of the problem at
hand); and finally, domain knowledge (DK - which deals with known facts and
theories in the domain of the problem). Because severa types of knowledge can be
applied during one single collaborative activity, the numbersin Table 4 sum up to 222

activities.



Table 4: Distribution of document- and human-related activities across knowledge

types and main work-task stages

Work Task Information Seeking  Information Retrieval
(WT) Task (IST) Task (IRT)
DOC HUM DOC HUM DOC HUM
PSK 22 21 22 12 14 4
10%  10% 10% 5% 6% 2%
DK 22 13 39 21 10 3
10% 6% 18% 10% 5% 1%
PK 2 0 5 3 9 1
1% 0% 2% 1% 4% 0,5
Total 46 34 66 35 33 8
% 21%  15% 30% 16% 15% 4%
Total (doc,hum) 80 101 41
Total % (doc,hum) 36% 46% 18%

A total of 222 identified knowledge activities were recorded in the data. This means
that in some of the 155 individual CIR-activities, two or more types of knowledge
were exchanged. In order to check the reliability of the classification of the data into
knowledge types, we performed an intra-classifier reliability check. Reliability was

found to be 78-82% after a reclassification of the data 2 1/2 weeks later.

The analysis of the data clearly shows that on the work task-level, patent engineers
acquire both document-based and human-based problem solving knowledge (PSK),
while domain knowledge (DK) is mainly acquired through documents. Problem
knowledge is not needed at this stage. Regarding the information seeking stage,
domain knowledge is dominant, both in document and human-related activities (39
respectively 21 activities) followed by document-related PSK. At the retrieval stage,
collaborative activities are mainly document-based. These findings do not record the

length or duration of the exchanges.



4.3 Collabor ative characteristics

Finally, the third main research question focuses on the characteristics of the two
CIR categories. document-related and human-related activities. For this purpose, we
analysed all 155 occurrences distributed over the 12 patent handling tasks in detail.

The following is a selected list of characteristics:

Document-related activities. Collaborative activities observed related to documents
can be classified as follows:
Sharing information objects/documents such as articles, patent applications,
working notes and reports. Working notes created by colleagues may be
informative and reflect on previous processes involving a specific document and
its connections and relationship to other documents. These documents may be part

of other information retrieval processes. (26 instances®).

Sharing different types of contextual relationships between individual, and sets
of, information objects. Means for describing the relationships between

documents may be through:

0 Annotations are content-based comments assigned to a document or

specific sections of a document.

0 References are assigned to refer to topical or content-based relationship in

abroader sense.

o Citations are made to point out relationships to more specific parts of

other documents and sections of documents.

* Each CIR activity may result in more than one instance, hence the larger number of instances.



These relationships are recorded on working notes or the actua patent
applications that are filed. These can be stored and used as independent
documents. (23 instances).

Sharing representations of information need. The representations of the current
information need may be stored and reused by other colleagues. Representations
may be of two kinds: through classification codes, synonyms, query terms and
qguery structures, and through a narrative description of the problem.
Occasionaly, these statements and descriptions are saved as a working note and

reused in information seeking and retrieval activities. (11 instances).

Shared information seeking and retrieval strategies. Different search strategies
can be shared in two ways: a search history can be written down by the searcher
to be used in later work-tasks, and log-statistics can be saved, processed and
inspected for future use. In this category we may find sources used, statistics on
time and number of sessions, documents inspected and documents printed out etc.

(21 instances).

Sharing decisions, judgments and assessments made on previous problem solving
tasks that are of interest in the current work-task can be recorded on working
notes or on copies of patent applications that are filed for archival purposes. “... if
this assessment have been done for this problem solving task, parts of it can be

used for avery similar task...” (task 111 —diary notes). (21 instances).

Communicating and sharing of personal and subjective opinions in written form
that, for example, reflect an immediate relationship between the document and its

“neighbourhood”. (8 instances).



Sharing the history of an information object. The history of an information object/

document may be of three types. (36 instances). It may be in the form of a

o0 Document history in which the document may belong to one or two
subject areas assigned by the PE to the document (on paper and/or
electronically) in order to be identified and re-used. On paper documents
there may be dates and stamps from previous investigations. Comments,
decisions may set a history for the document. For the electronic document,
annotations in electronic form or in paper form pointing to the * source’-
document may be added. The document then has some sort of history that

the current user can use for specific purposes,

0 Log history, which may involve that all databases and sources, search
terms, concepts, query term structure etc, may be stored and reused
implicitly or explicitly by other colleagues. They could serve as

recommendations or as precise pointers to a problem solving activity;,

0 Link history, which may refer to that the document of interest has links to
other documents and has links to itself from other documents. The links
made by the PE may be related to activities before the relevance judgment
of that document is recorded and could be used for strategy and context-
building activities. Also, the actual judgment activity may be recorded as

well as information on how the document is used for an end product.

We note that several of the observed and identified collaborative activities correspond
to general stages in the IR process (Figure 2). The patent work may not involve
identical information needs twice since they are unique to a great extent. However,

partia overlap is rather common and the patent engineers may share information



representations were parts of a related information need could be reused.
Furthermore, the data show that the activities in this section could be both explicitly

or implicitly stated for sharing.

Human- related CIR activities. Examples of human CIR activities are the

following:

Task cooperation. Sometimes there is a need to share a patent application task due

to various reasons. This could be done sequentially or in paralléel. (5 instances).

Sharing division of PA tasks. Colleagues verbally discuss and decide how to
divide the incoming patent applications among each other in the subject group or
if it is necessary to assign the PA to another group within the organisation. (6

instances).

Sharing search strategies. Search process/strategy was verbally shared and used
in a collaborative way if target documents are closely related. In this classification

we aso find sharing search terms and classification codes. (21 instances).

Sharing, or asking for, external and internal domain expertise. Patent engineers
use both internal as well as external expertise to help with problem solving.
Colleagues might internally be asked for domain specific knowledge as well as
for information retrieval specificities, while external advice might concern

clarification, law etc. (20 instances).

End product creation. In the final phase of a task, humans may collaborate to
finalize the end product of the problem-solving task. In the case of the patent
domain this is often a report covering the outcome of the search and its

applicability to the stated claims in the PA. (4 instances).



Communicating and sharing of personal and subjective opinions in verbal form
that for example reflects an immediate relationship between the document and its

“neighbourhood”. (6 instances)

Sharing internal experience. Ask colleague regarding earlier experience with
similar type of applications. This category involves a so issues such as procedural,

legal and strategic issues. (12 instances).

Human collaborative activities show a pattern that comprises of asking colleagues
both internally and externally regarding experiences, and search strategies. One
collaborative activity that was not present but expected in the data was the sharing of
knowledge about source selection. One obvious reason for the lack of thisis that the
PE’s has rather high knowledge about available resources and sources and thus they
do know what is there to be used. O"Day (1993a) described four levels of information
sharing in group situations. sharing results with other members of a team; self-
initiated broadcasting of interesting information; acting as a consultant, handling
search requests made by others; and archiving potentially useful information into
group repositories. Our data suggests at least two additional levels:

- Case-building activity: At this level, one collects and adds knowledge such as
internal and external documents, people that have been contacted in this
specific case, how the caseis filed and in what context.

- History building of an information object: At this level one collects all
information and traces made during the task performance process. It involves
gathering search terms, classification codes, documents viewed, decisions
made, relevance judgments made and how the relevant documents are being

used in final reports and the report creation itself.



In summary, we have identified a large set of document and human-related
collaborative characteristics involved in the IS&R process. Notably, these
collaborative activities do not only belong to the information seeking stage but also to

the information retrieval stage.

5. Conclusions

IS&R is more than just the interaction between a single user and a system. In this
article we have investigated the manifestations of collaboration in IR. The methods
used in the study contributed to arich and varied set of data. Although the study only
involves PA 12 processes, the in-depth analysis of our observations of CIR activities
within the patent domain reveals interesting results. We found that collaboration in
IS&R is frequent. More frequent than expected. Thiswas evident in all 12 cases. The
results suggest that collaborative activities are an important characteristic of IS&R

tasks in professional task-based IR.

We have, using a pragmatic and holistic methodology, pointed out that collaboration
is an aspect to be considered, and our empirical findings resulted in the devel opment
of a conceptual framework for the description of CIR activities in a professional
domain of the patent handling process (Figure 2). The framework points to important
aspects related to when, what and how collaborative activities manifest themselvesin
work-task performance. We have analysed and discussed two important categories of
CIR activities: document-related and human-related. Furthermore, we extracted a set

of characteristics describing each of these classes.



Based on the results, we have identified a set of issues that are important regarding

collaborative aspects of IS&R.
Planning tasks. Even if there is a formal procedure of structuring the work-
task, a patent application may contain aspects that lead to the departure from
that procedure. This may aso involve issues like how to approach the process
or how to consult information sources never used before.
Problem definition. Due to novel areas of invention and the complexity and
variation of the sub-problemsin a patent application, support is heeded to find
the right focus and core problem of the patent application. In complex cases
the core problem is hidden or divided into severa parts.
Search topic selection may also be a problematic area that results in
collaborative activities. Once the problem is defined, there may be a need for
support regarding query formulation. The ability to choose the right query
keys might be supported through reusing earlier query formulations. A
subject-based “query history” tool might support this need.
Regarding patent application belonging to arather well defined area, there are
reasons to reuse and share initial, baseline search paths and query
construction sequences.
When 2 or more subject areas were involved, relevance assessments had to be
made by several domain experts or senior experts. Due to the specific domain
(patent), there was a need to discuss the final outcome with colleagues as well
as to check with other information previously handled by the patent office

before task completion.



We find it necessary to develop analytic tools to collect and analyse data collected
from real-life setting involving collaborative IS&R processes. We also need
frameworks and models in order to develop systems and tools which carry us away
from the “single-user interaction” metaphor and viewpoint, and which may support
both synchronous and asynchronous communication, communication with colleagues,

sharing information such as search strategies and search results.

Future research should focus on what affects CIR processes. Possible research
guestions could deal with task variation, task complexity or type of task. Furthermore,
we need to develop information (seeking and) retrieval frameworks and theories that
include methodologies for evaluation of collaborative IR systems. Consequently, this
knowledge will also have an impact on the evaluation of IR systems. The issue of

relevance judgements will be affected as well by thoroughly understanding CIR.
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