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1 Introduction

Some scholars have recognized the benefits generated by publicly funded basic research [30],
mainly in terms of an increase in “the stock of useful knowledge” [30] for innovation and
economic growth [34]. That is why; we are interested in the research activities. To study
them, we made a field work in order to know how, the quality management (QM) systems
being implemented, influenced the formal knowledge management (KM) practices used by
these organizations. The information gathered was used as bases for analyzing the way in
which research projects are realized and propose an approach based on the capitalization of
the bibliographical work done by researchers. Then, the analysis of some bibliography in
sociology of science and our own observations, lead us to propose to focus on the support to
the management of scientific concepts. Finally, by analyzing the development of research
projects, we defined the specifications of a software tool. These were used for developing a
prototype of it, which we are currently testing.

2 Quality management (QM) in the context of research

During the last years, some research organizations (industrial and academic) have started
working on the implementation of quality management systems (QMS). Consequently, we
study the approaches used, while paying special attention to the possible effects on
knowledge management (KM). Our assumption is that quality management (QM) could help
introduce the principles of KM as a way of improving the process followed when realizing
research activities. To study the situation, we started by using a sociological approach in order
to know the reality of research organizations and to collect information on the difficulties
encountered when implementing a QMS. This work consisted in the collection of information
over a four-month period, interviews in seven research laboratories, transcription of
interviews and follow-up of the implementation process of quality management at a research
organization (RO). The complete results of this phase are presented in [15].

The observation has allowed us to note that several characteristics of the research activity
make difficult its management: diversity of activities, large quantity of records, multiplicity of
working methods, large turnover of researchers/designers, unpredictability of results and
difficulties in reconstructing previous projects. All these characteristics make difficult their
management and the definition of a standardized instrumentation. Moreover, we observed that



when implementing QM, the organizations deal with the improvement of their processes and
not directly with the improvement of their results. In addition, QM is primarily applied to the
administrative and/or the technical activities and seldom to the basic research activities. Even
if the main activity is the production of knowledge, the actual QMS are centred on the
formalization of certain activities, mainly the support activities, and on the management of
part of the documents, primarily the final research documents. Additionally, KM has not been
formally introduced, though the organizations recognize its importance and possible benefits.
Nevertheless, some of the actions that have been implemented could be classed as KM. Thus
we have verified a relation between QM and KM, as we will see hereafter.

3 Addressing QM and Knowledge Management (KM)

Several authors have worked on joint approaches addressing both QM and KM. For that
reason, we propose a typology of the different approaches we have found. It intends to
facilitate the comprehension of the existing approaches and not to strictly separate them.
Thus, we have found several works that could be grouped in four types:

1. Those that propose approaches integrating QM and KM: Zhao [41], Rodriguez-Ortiz [29].

2. Those that apply QM and show how QM supports KM: Johannsen [16], McAdam [21],
Linderman [17], Bénézech [4], Molina [23].

Those that use KM for improving the results obtained from QM: Galendere-Zile [11].

4. Those that apply KM and claim that the use of QM can help achieving better results: Tsai
[35], Pfeifer [28].

At the beginning of our project, our hypothesis was that QM, when applied to these activities,
would require KM. Consequently, at that moment, we positioned ourselves in the first group.
Nonetheless, the observation has not allowed us to see such an approach. Nevertheless, we
have verified relations between QM and KM, because the implementation of QM involves the
elucidation and sharing of knowledge. In this case, organizational knowledge related to the
know-how concerning the support activities. Then, this work could be classified under the
second group. The method used has basically consisted in the writing of documents
(operational procedures and documents). For their management, information systems, often
an Intranet, have been established [12]. However, these systems do not seek “the management
and the circulation of distributed knowledge” [12]. They just make it possible to find
documents or information (that guide the realization of activities). In general, the documents
produced during the research process are not managed by these systems.

Nonetheless, our objective is to improve the research activities. For this purpose, a possibility
is to use KM methodologies to manage the dynamic aspects of the research process, while
using QM methodologies for organizing the stable aspects. The experiences observed, show
us that it is possible to use QM for aspects such as the establishment of laboratory protocols,
the implementation of databanks, the definition of means to keep the information about the
publications made by the laboratory, and the management of technical instruments. This
shows us that QM can indeed be used for structuring some aspects of the research activity.
The question is if KM can also be used for improving the dynamic aspects of the research
activity and defining, concretely, how to do it. This work could be then positioned within the
third group, as the KM methodologies would complement the aspects addressed by the QM



system in order to obtain better results. Then, the question is how to do it. In the next section,
we will describe the concrete aspects we consider in order to treat this question.

4 An Approach for Addressing the Implementation of Knowledge
Management

We are interested in finding ways to profit from the knowledge produced throughout the
realization of research projects. However, Wunram [39] indicates that “the approaches that
start with the goal of capturing all the knowledge of the employees are predetermined to fail”.
It is thus necessary to define the knowledge that can be more beneficial to research activities.

4.1 Which Knowledge to Capitalize?

We carried out an analysis of the activities done with developing research projects, paying
special attention to the information used and generated by these projects. We concluded that
the knowledge produced during the realization of research projects usually remains barely
capitalized (in general, only the final results are capitalized). In this context, the concept of
artifact seems useful to us. Hutchins [14] says that artifacts are “repositories of knowledge...
constructed in durable media”. Michaux and Rowe [22] add that “artifacts contain a part of
the knowledge necessary to conclude a daily action with effectiveness: the other part being
held in a complementary way by men.” Therefore, for us, an artifact is an element having a
material form (or a virtual form, as it can exist only in a computer system) which can convey
a part of the knowledge held by its author, provided that its receiver knows the context in
which it was conceived and has the necessary knowledge for its interpretation. In this sense,
artifacts give a representation that can be stored and potentially, shared and re-used.

In the research context, we observed that within the realization of research projects there is a
great quantity of artifacts produced. Given that those convey knowledge, we will focus on
artifacts capitalization. The question is now: how to capitalize these artifacts like means to
facilitate the realization of other research projects? In order to answer this question, we
started by analyzing the means by which artifacts are produced during the realization of a
research project. This analysis is shown in the next section.

4.2 How Are Artifacts Produced?

Based on the sociology of science literature and on our own observations, we propose a
representation of research projects that is inspired on the SADT (Structured Analysis Design
Technique) modelling (see Figure 1). We added some additional formalisms that allow us to
differentiate, regarding the activities performed, between routine activities, semi-routine
activities and intellectual activities and, regarding the outcomes obtained, among main results,
secondary results and un-used documents.

In figure 1, we present one level of the model (in order to allow its visibility). It shows two
main aspects. First, the non-linearity of research projects, as researchers are frequently
obliged to go back to previous phases of the project. Second, the existence of routine and
semi-routine activities, even though research projects as a whole are essentially non
repetitive. This is very important for our purpose, because we can expect to be able to
introduce practices or tools offering some support to these activities.
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Figure 1. Representation of Research Projects

Additionally, there are two important aspects to note about this model. First, it is purposely
general and not centred in a specific research domain'. Moreover, as we are interested in the
artifacts produced, we focus on the arrows and not in the boxes contained in the model, as the
first ones show the artifacts produced during a research project. Second, thanks to the model,
we where able to identify 102 artifacts. For comprehension purposes, we classified them into
three categories: those related to the bibliography (publications, research reports, books,
researchers’ notes to documents, concepts found in documents, etc.), those related to the
management of the project (project plan, meeting reports, etc.) and those related to the
intermediate results (software and hardware developed for a project, data gathered and
treated, etc.). This description should help us find ways to capitalize these three kinds of
artifacts, which is the subject we will present hereafter.

4.3 How to Capitalize the Artifacts?

In our quest for means to capitalize the artifacts, we identified mainly two possibilities:
methodological tools and software tools. Regarding the methodological tools, we centred our
attention on the methods of capitalization such as the one proposed by Bekhti and Matta [3].
However, in spite of the existence of several methods for the capitalization of project
memory, those are not adapted to the characteristics of research projects, especially because
of the dynamic environment and the non repetitiveness of the projects. That is why we were
interested in the possibilities offered by information technology to capitalize artifacts as a
mean to facilitate the realization of research projects.

The Existing Software Tools for Knowledge Management:

In our quest for ways to structure artifacts, we started by looking at the KM tools actually
available on the market. Baroni de Carvalho R and Aratjo Tavares M. [2] have defined
knowledge management (KM) software as “a kind of software that supports any of the three
basic KM processes (Davenport & Prusak, 1998): generation, codification and transfer”. The
result of this work is presented in [15]. Here, we will only state that, we see that the situation
regarding KM tools could be briefly presented as follows:

e There are a number of interesting tools offering functionalities for project management,

! Nevertheless, this model is based on observations made mainly at an engineering laboratory.



e there are a few tools offering functionalities for data management, which could support
the management of data gathered and treated;

e finally, some tools manage particular aspects of the management of the bibliography:
Document management, management of references and visualization of references

Some Software Tools Developed by Research Institutions for Managing Research
Knowledge:

We have been able to identify some of the efforts done by researchers for the capitalization of
knowledge in scientific activities. Among these works, we find2: The Digital Document
Discourse Environment [6] that facilitates the process of peer review by allowing adding
annotations to scholarly documents and turning them into “a structured discussion
website”;ScholOnto [6], an ontology “designed to support scholars in making claims by
asserting relationships between concepts”; and ANITA [13], a tool that allows annotating
scholarly documents or parts of it. These tools present some very interesting features.
However, most of them don’t take into account the capitalization of the artifacts used and
produced while doing bibliographical research. For this reason, we decided to work towards
the definition of a tool that could support this activity.

5 The Design of a Tool for Capitalizing Knowledge from
Bibliographical Research

Given the absence of a tool allowing managing and capitalizing the artifacts used and
produced through the realization of bibliographical research, we have decided to concentrate
on the definition of a tool supporting this aspect. By bibliographical research we mean all the
relation a researcher, a project team and even a laboratory as a whole, have with
bibliographical sources. For that reason, we start by studying this relation and then, use it as a
basis for performing some analyses for defining the specification of the proposed tool.

5.1 The use of bibliographical documents in the scientific activity

In this section, we will look into some studies about the practices of scientists regarding
bibliographical documents. A first work we find useful is the one of Meho and Tibbo [20].
They propose a model of the information-seeking behaviour of social scientists, which we
will slightly modify for using it as a framework for analyzing the scientists’ practices related
to the bibliographical documents. Thus, we will analyze it at three stages: The identification,
the processing and the use of documents.

e The identification of bibliography: The first stage in the bibliographic research process is
the identification of possibly useful documents. The studies focused on this stage show
the importance of journal articles [9], [33], [5], particularly in electronic format [33], as
well as other sources of information, such as personal contacts [37], [5], [33]. In addition,
it shows the importance of personal collections of articles, maintained by researchers as
bases for their activities [37], [5].

2 Other interesting works are: Epistheme [26], the Software for Technology Intelligence System — STIS [18], the Knowledge
Sharing System being developed at Nectec [38] and the architecture proposed by Sarini et al. [31] for supporting biologists
work by using a system based on electronic notebooks.



e The processing of bibliographic information: This processing involves the reading of the
information gathered in order to assimilate its contents. The works on this stage show that
scientists spend increasingly important time reading [33] and that the basic element for
tracing the impressions had while reading is the annotations® [25], [19], [27].

e The use of bibliographic documents: The works studying this stage show the importance
of bibliographic research for: positioning the work, acknowledging colleagues’ works,
improving experimental design [40] and writing new documents, among others.
Additionally, it may help as one of the bases for conferring confidence in the new
documents written [40]. The latter is a process of re-aggregating pieces of information
[27] that may be collaboratively achieved by a group of researchers [8].

These aspects reflect the bases of the scientists’ practices regarding bibliographic documents.
We will use these practices as an input to take into account for establishing the specifications
of the tool. For that purpose, the first analysis we have attempted is the functional analysis,
which we present hereafter.

5.2 The Functional Analysis

In order to start our search for a way of capitalizing the artifacts produced when carrying out
bibliographical research, we made a functional analysis (see Figure 2). We identified three
actors: The researcher working on an individual basis, the project team, where the researchers
interact and the laboratory as a whole, where the different project teams interact and share the
knowledge acquired. These three actors interact mainly with two entities for doing the
bibliographical work: The external and the internal sources of information; both of them are
continually enriched through the work done by the project teams for allowing its sharing.
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Figure 2. Functional Analysis of a tool for managing and capitalizing bibliographical work.

With this specification of the functions the system should respond to, we verified if the KM
tools already identified (see section 4.3) could respond to them. We concluded that there exist
tools that support some of the functions identified. However, they only offer a partial support
to all the interaction of a researcher with the bibliographical artifacts and they do not manage
them as a support to the development of research projects. Moreover, they do not address the

3 Sohn et al. [32] write: “annotation in a document environment consists of text added for the purpose of explanation,
description or emphasis on the subject of a document (Marshall, 1997, 1998b; Ovsiannikov et al., 1999). They are
illustrated with style types such as underline, symbol, and note (Marshall, 1997; O’Hara and Sellen, 1997). Nowadays
annotation technique is used widely in the electronic document environment (Roscheisen et al., 1995; Dymetman and
Copperman, 1998).”



management of the scientific concepts that appear in the bibliographical sources, which is
very important for the research activity. In fact, according to Dunbar [10] “many researchers
have noted that an important component of science is the generation of new concepts and
modifications of existing concepts.” That is why we intend to support this process by
supporting the bibliographical work linked to it.

It is important to note that what we intend is to facilitate the process that allows researchers
acknowledge the diversity of approaches found in the scientific literature for a same concept.
In fact, we have noted that part of the work a research project team has to do is precisely
accounting this diversity and defining if one of the identified approaches can be used or if it is
necessary to develop a new one. This process allows the team to build the conceptual
framework of the project and serves as a support to the other activities carried out during its
realisation. The objective is to share this work with other members of the organization as a
way of building a more comprehensible view of the domains in which the organization
develops its research. Nonetheless, it is important to mention that we do not intend to build
domain ontologies, but quite the contrary, we want to provide researchers a way of

acknowledging diversity.
5.3 The Model of the System with UML

In order to build a proposition of a functional specification of the system, we modelled the
system with UML (Unified Modelling Language — See Figure 3).

Link_Document-Project

+Part of 0..1
+Establishes ; 0..* RiDateL Document
Project 0..* BreD
o rel
e ‘ B Title
B Title 0.* &5 TypeD
+Is Responsible for 0..*E5Short_title — 1.+ P!
. L 0.1 B TypeCont
\ —|&Date_Creation BFormat
\ — 0..*|BDate_Completion +Prefers 0.*| &l anguage |0..1
\\ /+|s member of l%Descn‘ptioniP 3
\ | E¥Status . 0. —~ &iDate re
\ | 0. +AddedBy /| patet di
1\1 / . To.+ 0..*|E5Author
e 0.1 ™ EHKeyW ords
Researcher | +Is a SubProject &5Domain
BreR 0.7~ B Aailability
BLastName +Annotation_Project - -
ESFistName 1 +Establishes o+ Link_Concept-Project
EZPhone B5Datel
ESEmail 1 +Establishes 1
Blogn | o | -
BiPassword +Annotation_Annot - ‘
+Annotation Link_Concept-ZoneDoc
1 \ \\1 1\_Researcher g * 0* 0.* EEDatel
\\\ \ o Annotation 1 - ZoneDoc s related to | +Is @ SubConcept
\ \ — | E¥refA | 0..1|E5Page 0. [o.*
|\ &5 DateCre | Btypez 0.* 0-. Concept<
\ \ +Writes 0.* | B4 TypeA 0..* +Annotation_ZoneD |@3DescriptionZ B
\ - et o ref
\ EDescriptionA o o 0.. _|BiName_Concept
\\ +Annotation_Concept 0..1 |BEDate_Creation
\\0.."\ +Creates 0.. o B Type_Concept
\ T B¥Description_Concept
| +Prefers_Concept E5Domain
+ldentifies
+Annotation_Doc.

Figure 3. Class Diagram for a support system for the realization of bibliographical work

We started by identifying the users as follow: (i) Individual Researcher, who locates the
contents containing interesting scientific concepts according to his/her area of research; (ii)
Researcher member of a project team, who uses concepts for treating a scientific question;
(ii1) Administrator, who might modify the information contained in the system.



For each user identified we constructed its corresponding use case diagram. This allowed us
to establish the different classes interacting in the system. The identified classes are: (i)
Researcher, who represents the users; (ii)) Document, represents the documents that can
contain concepts, (iii) Document zone, the zones of a document containing a concept or any
information considered interesting for the researcher; (iv) Concept, a definition or the
description of a concept, (v) Annotation, an annotation about one or more instances of the
identified classes; (vi) Project, which represents the spaces where the instances of the other
classes are used in order to produce new. When developing a research project, researchers use
these elements identifying, choosing, interiorizing and reconfiguring them according to the
phenomenon being studied through a research project. This process is represented through the
some additional elements representing the links among the identified classes. The interactions
among these classes are represented in the diagram shown in figure 3.

This model allows us to establish the basis for the specifications of the software tool
proposed. We will now present the scenarios of utilization we have foreseen in order to arrive
to a greater degree of detail in the specifications of the tool.

5.4 The Scenarios of Utilization

We have analyzed the scenarios where the tool would probably be used. For doing so, we
have started by looking at the activities already done by researchers when doing
bibliographical research, without any special tool for supporting their activity. This allows us
to identify eight scenarios:

e Researcher searching for documents

e Researcher reading documents: Identifies scientific concepts (may find similarities with
other scientific concepts), reads annotations previously done by other researchers, writes
annotations (to previous annotations, to the document, to specific document zones, to
scientific concepts)

e Researcher writing documents: Uses concepts, incorporates parts of other documents,
cooperates with other researchers, formats the document

e Researcher searching for concepts: finds documents containing the concept, finds projects
using or having used the concept, finds researches using or having used the concept

e Researcher developing concepts: Uses concepts and documents

e Researcher searching for other researchers: Finds researchers matching the research
criteria

e Researcher searching for projects: Finds the concepts and the documents used at different
stages of the project, finds the researchers that participate at its development

e Researcher participating at projects: Identifies scientific concepts and documents useful
for the project in general or for specific aspects of it

These scenarios can be represented by figure 4. This figure shows the different ways in which
a researcher could interact with the tool when doing its bibliographical research. We have
also represented the relations among the different elements that appear in this activity:
Researchers, projects, documents, concepts and annotations. This analysis, together with the
previous one we have performed (mainly the UML modelization and the functional analysis),



has allowed us to define the main functionalities that the tool should have for supporting the
researchers’ activities.
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Figure 4. Scenarios of utilization of a tool for supporting bibliographic research
5.5 The Functionalities of the Tool

We have started by defining three levels at which the interaction among the identified
elements can appear. That is: At an individual researcher level, at a project level, and at the
laboratory level as a whole. This means that a researcher may be working by himself or as
part or a project and in doing so he may share the result of his own bibliographical research
and profit from the one done by his fellows at the organization. This is coherent with the
position of Anell [1] about the three levels at which learning must occur’. At each of these
levels it is necessary to manage documents, concepts and annotations. For supporting the
researcher with these tasks, we have identified the main functionalities he would need and we
have represented them in a graph-like form. In figure 5 we show the identified functions for
the project level.
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Figure 5. Tool’s main functionalities

4 According to Anell [1] “learninig must occur at at least three levels. The first level is the individual level... The next level
is the group level....Learning must also occur on a third level which is, of course, the organizational level. If acquiring and
sharing new knowledge do not permeate the whole organization, it will become unbalanced and not be able to use the new
knowledge learning has created.”



These functionalities reflect some basic principles we consider fundamental: The tool should
support the researcher working individually, support the development of research projects and
improve knowledge sharing among all the members of a research organization. Additionally,
there are some features we think are essential. They are: Flexibility, easiness of use,
adaptation to the general researchers’ practices and maintainability. These features should
help us overcome some of the barriers that appear when introducing a software tool.

We have established the main functionalities, features and scenarios of utilization the
envisioned tool should have. The next stage is then the development of a prototype, which
should serve for demonstrating, in a practical way, the functioning of the tool.

6 The Prototype of the Tool

The analyses we have done have allowed the establishment of the specifications of the tool,
which we use for the development of a prototype. In this section, we will present the technical
aspects of the prototype and the results we have had in the first essays we have done with it.

6.1 The technical aspects of the prototype

One of the first aspects we defined regarding the prototype was that it should function as a
Portal. This allows avoiding inconveniences in the installation (as it is done only once),
facilitates maintenance and provides transparency for the users (as the prototype should work
through the Internet navigator, independently of the actual location of the application and the
documents potentially incorporated in it). This also facilitates the collaborative work.

Another important aspect was ease of development. In fact, in the actual stage of our research
we aim at analysing if the proposed approach could be helpful for researchers. We do not aim
the development of the actual tool. This, we hope, will be undertaken at a future stage. For
that reason, we chose the PHP language. In addition, we use MySQL for the storage of the
artifacts. This is one of the Data Base Management Systems commonly used for Web
applications. The combination PHP — MYSQL, was done by using EasyPHP. Additionally,
we used Macromedia Dreamweaver MX for the development of the portal.
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Figure 6. One of the screens of the prototype
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Additionally, for the management of annotations, we took advantage of the functionalities
offered by Adobe Acrobat 5.0 to add annotations to a PDF document. In this way, the graphic
aspect of the annotation can be managed with the functionalities offered by Acrobat, while
their contents (free text) are managed through the data base, in order to allow operations such
as registry, search, select (to a favourites list) and establish links among the different artifacts
contained in the data base. Figure 6 shows one of the screens of the prototype.

6.2 The results of the firsts tests of the prototype

The prototype allows adding documents and annotations to a centralized repository, to create
projects and concepts and to define document zones. These elements can be linked together in
order to use them for a particular interest. For example, a researcher can add a document
judged interesting. Then, he may define the zones of the documents considered to be the most
interesting ones, establish where in the document are the explanations of the scientific
concepts used by the author(s) and add comments to the document or to zones of it. The
researcher could also select some elements to keep in his personal list of favourites and
choose the ones thought to be potentially valuable for a particular project. The other team
members of a project could also include other artifacts thought to be useful for studying a
phenomenon, sharing in this way a part of their knowledge. Additionally, the elements in the
prototype are hyperlinked, to facilitate the navigation among them and the access to the
different artifacts. Nowadays, the prototype is installed on a server, which allows that several
users access it at the same time.

Until now, the essays have being done individually. For this purpose, we have presented the
tool and its functionalities to a potential user, who can then use it for a short period of time
(usually, no more than half an hour), then give us his impressions and afterwards continue
using it if he wants to. This procedure has been done with two senior researchers and six
graduate students. They all express a positive impression of the tool and the available
functionalities. Its functioning is easily grasped and learning the bases for using it is done in
only a few minutes because it is mostly intuitively understood. However, most of them have
chosen not to continue using the tool do so because of the “capture bottleneck™ [24]. This, in
spite of the recognized possibilities of the tool and the current inconveniences faced. Thus,
one very important improvement would be to facilitate the capture of the references in order
to diminish the time spent in this task and motivate researchers to exploit its full
functionalities.

7  Conclusion

We are interested in research organizations, as institutions committed to the creation of new
knowledge. We did a fieldwork to know the influence that QM implementation could have on
the introduction of KM practices. We observed a weak use of KM practices and a focus on
the capitalization of the final results obtained from research activities. However, we
acknowledge the importance of the capitalization of the knowledge produced and acquired
during the realization of a project Therefore, we propose an approach for addressing KM in
this kind of organizations focused on the capitalization of the artifacts produced when
carrying out bibliographical research, including the manipulation of scientific concepts. We
established the basis for the specification of the tool through the modelling of the system with
UML and a scenario-based analysis. We have used these specifications for developing a
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prototype of the tool. The first tests are encouraging and verify the possibilities the tool offers
for the capitalization of the bibliographical work done in the framework of a research project.
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