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Preface

This book is a comprehensive guide that bridges the gap between theory and practical
application in knowledge management. Its interdisciplinary approach, integrating
engineering/technology with organizational and planning aspects, is crucial in today’s
complex business landscape.

The diverse array of contributors sharing their expertise through different chapters
enriches the content by offering varied perspectives and case studies across sec-
tors. It is particularly valuable that the book covers various sub-disciplines such as
economics, finance, marketing, and decision and risk analysis, illustrating the broad
relevance of knowledge management principles.

The emphasis on demonstrating theory through real-world case studies provides a
tangible understanding of how these principles are applied in different scenarios.
Moreover, the progression from fundamental theories to more intricate decision-
making processes, especially when dealing with extensive data sets like big data, is
commendable. The inclusion of computational techniques, dynamic analysis, proba-
bilistic methods, and optimization strategies is crucial in addressing multifaceted
decision-making challenges within defined constraints.

Overall, this book offers a holistic view of knowledge management by combining
theoretical foundations with practical insights and advanced analysis techniques,
making it a valuable resource for professionals seeking to navigate the complexities of
modern business environments.

Fausto Pedro Garcia Marquez
Ingenium Research Group,
University of Castilla-La Mancha,
Ciudad Real, Spain

René Vinicio Sanchez Loja

Research and Development Group in Industrial Technologies,
Salesian Polytechnic University,

Cuenca, Ecuador






Chapter 1

How to Manage Knowledge
Supporting Stakeholders of
Smart Cities?

Jan Kazmierczak

Abstract

The chapter discusses a proposal to use a process approach to describe the trans-
formation of urban space into smart space. Such an approach was used as a basis for
discussing the need for knowledge resources and the availability of such resources in
Smart City knowledge management. Using the classical management model, a meth-
odology for carrying out the tasks of planning, organizing, and utilizing the knowl-
edge resources of various stakeholders in Smart City creation processes is shown. The
final section presents practical examples of complex problems in the area under
discussion. The sub-statement shows a subjective overview of the problems that need
to be addressed in further research work.

Keywords: Smart City, Smart City creation process, knowledge resources, knowledge
management, stakeholders of Smart City processes

1. Introduction

Since relatively recently, there has been a very intense, even exponential increase
in the number of publications appearing in various search engines after typing in the
keywords “Smart City” or “Smart Cities” (S.C.). For example, in the Mendeley®
search engine, the use of the aforementioned keywords resulted in finding 2579 items
in 2015, but in 2022 there are already 8827 items. Research devoted to the idea of a
Smart City has previously appeared in various research centers [1-3], while the
authorship of the aforementioned concept itself is quite commonly attributed to
scientists from the Massachusetts Institute of Technology [4, 5]. The idea of a func-
tional comparison of information flow networks in the city with similar flows in the
human body has sometimes been criticized for the excessive anthropomorphization of
such an approach, but at the same time, it has been correlated with the approach,
appearing in studies, dealing with the “urban organism” [6, 7]. The work published in
2001 [8], representing the current research on the problems of managing an intelli-
gent society in an urban e-environment is also worth mentioning.

Today, the term Smart City has moved beyond its original IT-related framework.
Perhaps the best way to convey the meaning of the term is to say that smart urban
space is the result of transforming an existing urbanized space (or the result of
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building such a space from scratch), in which users live better. The term “quality of
life improvement” is also used. However, the above statements contain a fair amount
of ambiguity, especially in defining the beneficiaries of such a better life.

The approach of the authors of many publications to this issue is, in a sense, the
fault of B. Cohen, who proposed [9] the following classification of Smart City creation
processes (referred to in this chapter as “S.C. processes”) using the “fashionable”
notation: Smart City 1.0, Smart City 2.0, and Smart City 3.0.

Cohen takes as the basis of his, perhaps oversimplified, proposal the assumption
that the participants in the processes of creating a better living space in cities are:

(1) providers of information systems that potentially give a city an intelligence value,
(2) the authorities of the cities where such systems will be implemented, and (3) the
residents of those cities. It further assumes that in successive classes of S.C. processes
(with increasing value of the index), individual groups of beneficiaries cease to be
objective and become subjective participants in activities aimed at creating Smart City
space and become leaders of S.C. processes. Such leaders in the Smart City 1.0 class are
system providers (group 1) and in the Smart City 2.0 class, the functions of project
leaders are taken over by city authorities (group 2). In the Smart City 3.0 class, there is
the involvement and active participation of group participants (3). Linking Cohen’s
proposal to one of the emerging approaches in the literature of the Smart City as a
“city of happy people” [10, 11] one can somewhat sarcastically conclude that in the
S.C. 1.0 process group, happy are the system providers (because they do good busi-
ness); in the S.C. 2.0 group, happy are city officials (because they get a good theme
for self-promotion); while in the S.C. 3.0 group, theoretically happy should be all
participants in the process, including, most importantly, city residents. However, it is
not known what it will be like in reality, as the level of S.C. 3.0 remains so far - in the
opinion of the author of this chapter - a futuristic entity.

B. Cohen, moreover, with his proposal, caused a certain limitation in the attention
of many researchers, especially on such issues as the categorization of knowledge
needed to manage a city (not only an intelligent one!) or the available and usable
sources of such knowledge (along with an assessment of the possibility of
obtaining it). Using Cohen’s concept, one should probably automatically assume that
the leader of the S.C. process from a particular group automatically has the knowledge
necessary to effectively manage the implementation of that process. This means that it
is assumed that, for example, the IT system provider who won the tender for the IT
equipment for the S.C. process in city X, just by virtue of that decision, has the
knowledge necessary to carry out the implementation. Similarly, the newly elected
mayor of a city has such knowledge as a result of the majority (voters) decision.
Problems such as the source or sources of this knowledge remain unknown. Moreover,
Cohen’s proposed uniformity does not facilitate consideration of the particularly high
level of diversity of potential sources of knowledge relating to any unique urban
organism and its unique environment when considering urban knowledge.

It is, of course, possible to identify repetitive areas in the functioning of urban
organisms (e.g., the organization of traffic, the organization of public transportation,
or systems for providing useful information). However, the effectiveness of such an
approach depletes with the increasing complexity, and at the same time with
individualization of the knowledge necessary for managing a specific sphere of public
services in a specific city, as well as in managing the city as a whole.

It is worth adding at this point that those ideas of “higher categories™ (i.e., 4.0, 5.0,
etc.) of S.C. processes have already appeared in the described studies, usually linking such
processes to Industry 4.0 and Society 5.0 concepts (e.g., [12] or Green Economy [13]).
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However, in this study, the author, in accordance with Ockham’s prohibition of multi-
plying entities, decided to limit his considerations to “existing entities,” i.e., Smart City
1.0, Smart City 2.0, and (if successful) Smart City 3.0 processes.

Referring to the search results of the studies cited above, it can be pointed out here
that for the set of keywords “Smart cities knowledge manager” in 2015, 86 items were
found in the Mendeley® search engine, and in 2022-183 items, so a very small
percentage of publications on smart cities. Only very recently have cross-cutting
studies appeared in the subject area, such as [14] or [15]. However, there are no
known works presenting a unified methodological approach to the management of
knowledge about (and for) a Smart City. Therefore, the author of this study decided
to offer the methodological proposals presented below, which assume that any action
or activities undertaken (including those related to urban knowledge) should
correspond to a previously identified need or needs.

Let us try, as a kind of guide for identifying the needs and determining the means
and ways of managing knowledge of an intelligent urbanized space, as well as
managing knowledge in such a space, to use the well-known and long-used (since
ancient times?) 5 W + H model [16], in which the starting point for solving the
problem are the questions: What?, Why?, Where?, When?, Who? and finally How?

According to this model, let us next attempt to clarify the content (elaboration) of
the above questions, relating them to the problems of knowledge management in a
Smart City. In particular, let us ask:

1. What (what - resulting from the identified needs - goal do we intend to achieve)?
2.Why (why do we feel we need to achieve the identified goal)?

3. Where (where are we going to implement the planned project)?

4.When (when do we plan to start and complete this project)?

5.Who (who will implement and/or participate in this project)?

6.How (with what means and ways will the venture be implemented?

Since the order in which the individual questions are asked is not, from the point of
view of the applicability of the methodology described above, important as an element
that determines the plan for the implementation of the task, when planning the
research intention described in this chapter, it was assumed that the question Q1 i.e.,
the question about the purpose of the activity, requires an answer. The simplest
answer to this question is that the goal is to identify the body of knowledge necessary
for the transformation of a selected urbanized space (city) into a smart space.

Let us then try to answer question Q3 i.e., the question about the place whose
purpose is formulated above. The simplest answer to the question, stating that such a
place is a city, is trivial. In contrast, an answer that includes the name of a specific city
also leads nowhere. Each city is, for obvious reasons, unique and unrepeatable, so
creating a methodology for such a unique object also seems pointless. However, by
analyzing any city as a complex organism performing various functions, we can find
repetitive elements in the ways these functions are performed. This can provide a
basis for developing certain patterns that can be used for various specific situations.
Thus, the author made an attempt, described in this chapter, to propose a certain
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model approach to the consideration of urban knowledge, usable not only in one
specific case of an urban organism.

Before moving on to the next section, let us further assume that the answer to
question Q4 is now and in the near future. The term “near future” here refers to the
practice of the processes of investment planning and implementation carried out by
city governments. In other words, the author assumes that the considerations in this
study do not refer to futuristic processes.

Concluding the introduction to this chapter, it is still necessary to point out that the
term “management” will be understood as the process of planning and organizing the
resources and activities of an entity in order to achieve certain goals in the most
effective and efficient manner possible. In this approach, efficiency in management
refers to the proper performance of tasks at minimum cost. In practical terms, we will
try to show a sequence of activities, including (A) planning, (B) organizing, (C)
motivating, and (D) monitoring the process of creating a Smart City. This chapter
highlights the first and second management task areas.

2. Identification of stakeholder groups as the basis of the city knowledge
acquisition plan

The next question that should be answered at this point is question Q5, or “Who?”.
It was decided to use the concept of “stakeholders” as the basis for formulating this
answer. The most popular definition of a stakeholder, by R. E. Freeman [17, 18] says
that a stakeholder is any person or group that can influence or is influenced by the
achievement of an organization’s goals.

It seems natural to assume that the undertakings discussed in this chapter must
involve as many stakeholders as possible in the processes of creating and using smart
urban space (Smart City). Thus, the author decided, as a first step, to identify the
groups of stakeholders participating realistically or potentially in the processes of
transforming urbanized space into smart space.

This study intentionally (see the above reference to question Q4) omits the
theme of creating smart urban space from scratch. Such a theme results in
visualizations available on the web, where we can see beautiful space and
urban solutions, beautiful buildings, and lots of greenery, while there are usually no
“down-to-earth” (or even “underground”) elements, not to mention the presence in
this space, the so-called normal (not idealized) residents. We do not see there, for
example, internal and external logistic routes, the problem of waste generated by
the urbanized area, the presence of sources of environmental pollution in the
urban space (dust, sewage, and noise), and many other, less pleasant effects of any
space inhabited by humans. We also usually do not see the presence of inhabitants in
such a space, treated not as an averaged population of a given size, but as a very
complex social group, whose - perhaps - only common distinguishing feature is resi-
dence in one area. Above all, we do not see actual human behavior, both individual
and group behavior, with the group generally representing only a part of the city’s
population.

In addition, it is worth noting that not only residents can be perceived as users of
the urban space which is intended to be transformed into a smart one. Such a space is,
after all, an area of various activities of newcomers from outside the city, so they
cannot be perceived as a homogeneous group. These include, in particular, people
associated with the education system at various levels (from kindergartens to
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universities), i.e., teachers and students living outside the city, people conducting
business in the city but living outside it, people employed in production and service
companies, including, for example, stores or restaurants, also living outside the city,
people visiting relatives and friends living in the city, and, finally, management
entities of a regional and national nature with delegations (representative offices,
offices, etc.) in the city, together with some of the staff coming from outside the city
to their place of work. In some of the cities included in the S.C. processes, a significant
group of public space users may also be tourists or pilgrims visiting places of worship.
This should also include individuals or groups of individuals managing, respectively,
facilities visited by tourists and places of worship with their infrastructure (e.g.,
temples). It is justified to ask whether these groups should also be treated as equal
stakeholders in the above-mentioned processes.

For the purposes of this study, it was decided to consider the following as stake-
holders in the process of transforming the city into a Smart City:

1. City authorities, empowered to make strategic planning decisions and budgetary
decisions, including usually:

a. Decision-making body: City Council.

b. Executive body: the Mayor of the City and his deputy or deputies, together
with the clerical structures that support him (City Hall).

c. Other entities whose participation in decision-making regarding the
operation of the city is conditioned by existing solutions of a legislative
nature.

2.Managers of entities responsible for carrying out tasks in the area of
broadly defined municipal management and the so-called own tasks of the city
(e.g., in Poland such a task is the organization of education at the level of
kindergartens and elementary schools) and managers of other public facilities
(e.g., health care facilities or facilities of a cultural and sports or recreational
nature).

3.City residents, both participating in the processes in question individually and
through appropriate structures of a representative nature (residents’
associations, NGOs, neighborhood councils, etc.).

4.Providers of technical solutions that can be used in S.C. processes (primarily, but
not exclusively, solutions from the ICT area).

5.Experts, supporting the activities of primarily the city government, but also
stakeholders from other groups. The term “experts” is used here to describe all
providers of knowledge complementing the stock of such knowledge possessed
by the internal stakeholders indicated above to the extent necessary for effective
city management.

The author decided not to include persons and entities “structurally external” to
the analyzed urban organism in the list of stakeholders of S.C. processes presented
above. Such a nature can be attributed, for example, to legislative bodies, creating the

5



From Theory of Knowledge Management to Practice

legal framework for the implementation of S.C. processes, or to control bodies,
authorized by law to check the correctness of the implementation of these processes,
both formally (e.g., compliance with the obligation to spend public funds in a tender
formula) and financially. However, it was deemed necessary to take into account the
participation of stakeholders from “external” groups (4) and (5) each time in the S.C.
process, whose knowledge should, by definition, fill in the gaps in the body of knowl-
edge held by internal stakeholders.

Each of the above-mentioned stakeholder groups has (potentially and realistically)
a certain amount of knowledge, concerning the functioning of “its” urban organism.
At the same time, it is reasonable to assume that such knowledge may not be sufficient
to initiate and carry out the tasks of this particular group in transforming this organ-
ism into a smart urban space.

In the considerations presented here, it is important to perceive such transforma-
tion not as a project, but as a process. The project approach seems unjustified here
insofar as activities aimed at transforming urban space into smart space cannot be
closed in a specific time frame. After all, we are observing the constant development
of all kinds of solutions, already used or possible to be used in space, defined by the
term “Smart City.” The assumption that the possibilities of such development will be
exhausted at some point seems unfounded.

Let us further assume that, in practical terms, the process of building a smart
urbanized space can be perceived in a discrete manner, that is, as a sequence of
discrete states of the process that follow one another, with a specific time step [19].
In this approach, we can conceive of the process as a film, and the instantaneous state
of this process as a single frame of the film. Consequently, this chapter uses the term
“S.C. process” in reference to the transformation of urban space into a smart space
(Smart City) in the sense presented above. The tasks carried out as part of the process
are sections of the film, in which the first frame shows the initial state and the last
frame - the assumed target state.

The initial classification of tasks, also in the process of transforming urban space
into smart space, should include:

I.To identify and describe a sequence of past states (the history of the process
under study),

IL.Identify and describe the current state of the process,

III.Determine, to the extent possible, the future of the process, e.g., using
appropriate forecasting methods [20-22].

Transferring the above set of tasks to the field of research on knowledge in and
about the Smart City, it is necessary to repeat the statement that the development of
science and technology offers more and more opportunities to apply innovative solu-
tions in making urban space more user-friendly (smarter?). The above statement
determines the necessity for stakeholders, especially decision makers of S.C. pro-
cesses, to keep up with such developments, also in terms of managing the knowledge
necessary for their tasks. Therefore, the task plan, aimed at managing such a body of
knowledge, should take into account, in addition to the need to initially identify the
body of available knowledge and determine the means and ways of acquiring,
collecting, and sharing it, the need to plan and organize adequate means and ways of
supplementing such knowledge.
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3. Knowledge of the city in the process of transforming this city into a
smart space

Now let us ask how the concept of a “Smart City” relates to any existing and
inhabited, larger or smaller city that has the ambition to be smart but is in a particular
“existing (current) state.”

As indicated above, three groups of stakeholders from those indicated above natu-
rally exist and function in any urban body: groups (1), (2), and (3). These are the
groups that make up the “social infrastructure” of a given city and have, through the
functioning of “structural” mechanisms, so to speak, for acquiring and collecting data,
processing this data to obtain useful information and, as a result, creating a certain
body of knowledge about that city.

Such knowledge primarily includes the history (in discrete process terms: a
sequence of previous states over a pre-approved time horizon) and the current state of
the city, identifiable in particular by:

A. Specific territorial conditions, such as the location of the city (region, country,
continent, and climate zone) and specific neighborhoods affect, for example, the
way municipal tasks are carried out. Nowadays, the formula of metropolises as
peculiar communities of local government units, established by a group of
neighboring units to jointly carry out specific tasks, is widespread. In the author’s
place of residence (the region of Upper Silesia in Poland) there is a
metropolitan structure (the Metropolis GZM), which unites 41 cities and
municipalities with a total area of 2.5 thousand square kilometers, in which 2.3
million residents live. Within the GZM, most of its entities are in contact with
each other’s borders, with the result that many cities border only cities (and not
rural areas). Such a structure of neighborhoods has led to the decision of the
Metropolitan Cities and Municipalities to delegate to the Metropolitan
Management Board to carry out its own tasks of organizing public transportation
in the entire area of the GZM.

B. Specific geographic, climatic, and geological conditions, that determine the
manner of land development. We are talking, for example, about the need for
specific solutions in the construction of buildings in earthquake zones, zones
threatened by frequent river flooding, or, finally, zones in which existing and
planned urban infrastructure may be threatened by the effects of such human
activities as underground mining (surface damage caused by ground movements
forced by mine operations) or open-pit mining (significantly affecting the state
of groundwater).

C. Urban conditions, i.e., existing residential and non-residential buildings,
historical monuments, green, recreational, and sports areas with their own
infrastructure, places of religious worship, industrial areas with production
facilities, etc.

D.Municipal infrastructure, i.e., road network, bridges, and viaducts, above- and
underground rail networks (streetcar, subway, and railroad), electrical
networks, gas pipelines, water pipelines, and sewage networks together with
their own instrumentation (transformer stations, switching stations, pumping
stations, and treatment plants)
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E. The social profile of the city’s residents (number of residents, age profile,
education, and property status).

F. Other historical and cultural conditions, such as the presence among the city’s
residents of adherents of different religions, national minorities, or clusters of
immigrants.

Such an existing reality conditions, on the one hand, an identified or identifiable,
to a greater or lesser extent, specificity of knowledge needed in managing such an
“urban reality” and, on the other hand, a specific set of end users, using such knowl-
edge to a different extent and in different ways. In particular, such knowledge should
be the basis for the initial decision to undertake the implementation of the process of
transforming a city space into a smart space.

It should be borne in mind, of course, that first of all, the body of knowledge of a
particular stakeholder group in a particular area is not, by definition, the same as that
of another group. This is primarily due to the dissimilarity of knowledge acquisition
channels. Secondly, on the other hand, the extent of knowledge collected and stored
by stakeholders is strongly related to the ways in which such knowledge is used.
Slightly generalizing, we can assume that stakeholders from the first group most often
and most willingly use knowledge based on statistical data, the individual city resident
is not interested in being an “average resident.” Instead, it is important for him to
have detailed knowledge about his immediate environment: family, neighbors, and
local community.

According to the author of this chapter, the factors differentiating the process of
creating a Smart City “from scratch” and the process of transforming an existing and
functioning urban organism into a Smart City are worth discussing at this point. Here
we can notice key differences, conditioning the possibilities of knowledge acquisition
and utilization.

In the first option, internal stakeholders - at least at the time of planning, organiz-
ing, and starting the process of building the target structure in practice do not exist.
The city, which is just beginning to emerge or is still in the planning and design phase,
has no residents, authorities, or municipal services, or has authorities in a seed state.
Without fear of making a big mistake, it can be assumed that the people employed by
the entity creating such a new structure will, for the vast majority, not be associated
with it ultimately. This brings on a moral hazard to treat the target stakeholders in a
maximally simplified and idealized way. This is evident in a great many studies
dealing with S.C. The authors of the process usually devote only limited attention to
the issue of the presence of residents in such a newly emerging urban organism. For
example, it is assumed that all residents will be equally well educated and heavily
involved in the S.C. process and that this involvement will be based on altruistic
attitudes [23, 24]. It can be somewhat maliciously stated that the creators of such
concepts most often wish that all residents of the newly created smart urbanized space
will be young, beautiful, healthy, and at least tolerate (and perhaps love?) each other.

However, in option two, when attempting to transform existing urban space into
smart space, we must face a much more difficult and complex problem. In particular,
we cannot arbitrarily make simplifying (and usually facilitating) assumptions, but
must take into account the “existing state,” both the state of the city’s inanimate
matter and the state of its population, along with all the factors that impede - poten-
tially and usually realistically - the S.C. process.

It is worth formulating a few more detailed questions at this point, such as:
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* Can the characteristics of smart space be obtained by existing urban space and
under what conditions?

* What means and ways can enable a city to achieve “smart” characteristics if such
f “f » L ?
a process starts from “found” conditions?

Sometimes it is also worth asking (which can be extremely important in practice,
especially for financial reasons):

* Can the process of a city acquiring the characteristics of “intelligence” be subject
to staging?

* Whether the implementation and possible staging of Smart solutions can and
should apply only to selected “sectoral” tasks (e.g., only the organization of
public transportation or the system of supplying residents with water linked to
the disposal of municipal wastewater)?

* What sectors of the city’s operations should and can be included in the
transformation first?

* What order of implementation (rank of importance/relevance) should be
adopted for each stage of the S.C. process?

An inquiry may also be warranted:

* What is the end goal of a given task in the S.C. process (what instantaneous state
do we intend to achieve)?

* What resources are needed to achieve this goal?
* What preparatory activities are required to start the implementation of the task

(e.g., change of the spatial development plan for part of the city, public
consultations, obtaining external funding)?

What is the deadline for achieving the end goal for this task?

It seems obvious that, just as the structures of any existing and functioning urban
organism are created and developed in stages, the city’s intelligence is also worth
building in a similar way. Since the S.C. process is multi-faceted, i.e., it involves many
different aspects of the city’s functioning (e.g., communications, security, and waste
management), the process stages oriented to these aspects can be implemented in
parallel or partially overlap in time. However, it must be remembered that each aspect
goal is part of an overarching goal: building a smart urban space. It is therefore
necessary to ensure that the sub-tasks are properly coordinated. It is unacceptable, for
example, if the implementation of a task from the area of implementing new trans-
portation solutions significantly impedes the implementation of a task from the area
of restructuring the system of water and sewage networks. In addition, if we have
grounds for predicting that the results of the implementation of a particular stage of
the S.C. process may change the rationale for the implementation of another “sec-
toral” stage, we should rather use a serial arrangement of such stages. For example, if

9
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we make changes to the road system, it is worth waiting until the completion of the
implementation of this work to take measures aimed at reorganizing the public trans-
portation system.

Let us also remember that the introduction of Smart solutions in the second of the
considered variants of the S.C. process is carried out on the “living urban tissue,”
which raises the necessity to take into account certain attitudes and behaviors of
residents (sometimes resistance of some residents). It is worth for decision-makers to
give all stakeholders time to get acquainted with and “get used to” the implemented
solutions. Again, it is worth remembering that altruistic attitudes in the real world are
the exception rather than the rule. City residents tend to consider proposals for change
according to the criterion of their own benefit from the solution proposed under the S.
C. project. Actions aimed at S.C. should therefore include, for example, specific
actions to convince unconvinced residents of the transformed urban space of the
benefits resulting from the introduction of new solutions, and then educate these
residents in the use of the introduced solutions.

Reports of S.C. deployments in various parts of the world abound in the literature
bases, such as [25-27], but the social dimension of such implementations is perhaps
not sufficiently appreciated (and studied and then described) by their authors. A kind
of fascination with technologies, especially ICT technologies, dominates the available
studies, while - in the opinion of the author of this study - too little attention is paid to
such factors as customs and culture at the place of implementation (taking into
account the size of the “cultural leap” needed to achieve the assumed level of Smart),
as well as the level of willingness of local residents to accept Smart solutions. Anyway,
the latter factor is related to elements of behavior and attitudes that are “beyond
geography” and “beyond culture,” such as fears stemming from technophobia,
observed especially in older people [28].

Education needs appear to be crucial to the success of implementations of the
type in question. It is still worth noting that while the available studies talk about
educating the population [29, 30], educating decision-makers at various levels is
extremely rarely mentioned. Similarly, an issue that is not very popular among
researchers is the identification of the sources of knowledge about a particular city
that may be available to the experts involved in the S.C. process (especially: external
experts).

Another important issue, and unfortunately overlooked by many authors, is eco-
nomic issues, for example, the amount of expenses required for the introduced solu-
tions or the sources of funding for such expenses [31, 32]. In particular, a theme such
as the ability of a city’s budget to bear the expenses needed for a given implementation
is practically not addressed.

It is now necessary to consider how to manage the city, and ultimately how to
manage the knowledge of the city:

A.Plan and organize activities aimed at inventorying the existing body of
knowledge about the city, which is assumed to be the subject of the S.C. process,
with identification of the gestors of such knowledge.

B. Plan and organize channels for acquiring missing knowledge before and during
the tasks that make up the S.C. process,

C. Create an entity (or entities) authorized to use the knowledge it has in
implementing the S.C. process,

10
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D.Provide means and ways to replenish one’s knowledge base.

In particular, the above summary was conceived as a starting point for creating a
list of knowledge resource needs necessary for effective Smart City management and
associating such a list of needs with knowledge resources that are or should be held by
participants in S.C. processes.

The matrix shown in Table 1 should:

a. Identify a specific knowledge resource or resources under the responsibility of
only one of the stakeholders considered at a given stage of the analysis.

b. Recognize a detailed knowledge resource or resources under the responsibility
of more than one stakeholder.

c. Identify such a body of knowledge among those deemed necessary at a given
stage of analysis, which is not currently available to the process stakeholders
being considered.

The last of the situations indicated above requires looking for managers of the
required knowledge resources outside the organization implementing the process in
question. Adding such managers in terms as in Table 1 will mean adding more rows to
the table, labeled “external participant (EP).” We will finish the procedure of
expanding the matrix when all the required detailed knowledge resources that we
have decided to include have a manager indicated in the first column. It should also
be assumed that external participants can contribute knowledge in areas already
“developed” by stakeholders.

In particular, the analysis of the matrix shown in Table 1 can provide a basis for
deciding whether it is possible and reasonable to modify the plan for the creation of a
knowledge resource (e.g., for the S.C. process) in such a way that the missing ele-
ments of the resource, initially recognized as needed, may not be used at a given (e.g.,
initial) stage of the activity with the assumption that they will be obtained and used in
subsequent stages of the process, if necessary. A negative answer to the above ques-
tion means, of course, that experts or other external participants with the needed
knowledge should be sought immediately.

Resource 1 Resource 2 Resource 3 Resource 4 Resource 5

Stakeholder 1 X X X
Stakeholder 2 X X
Stakeholder 3 x
Stakeholder 4 X

External Participants (EP)

EP1 X
EP2 X X
EP3 X

Table 1.

Diagram of the matrix linking knowledge gestors to their area knowledge resources (own elaboration,).

11
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If the process of acquiring detailed knowledge resources is complex and multi-
threaded, it may be reasonable to use a solution that combines both paths indicated
above. In particular, we can rank the needs [33] in terms of searching for managers of
knowledge that we do not have at a given stage of the process and abandon a given
resource at the current stage, at the same time launching a search for external partic-
ipants according to the adopted hierarchy of needs.

Let us apply the above approach to the process of transforming urban space into
smart space, i.e., to the S.C. process. Having made, described in this chapter, a
preliminary analysis of the needs, concerning the use of detailed knowledge resources
in the implementation of the process, and using the initially indicated set of partici-
pants (stakeholders) of the process, an attempt can and should be made to present
how to create an adequate knowledge resource and use such knowledge in the man-
agement of the S.C. process.

In presenting a proposal for such a way below, the author of this chapter has
primarily used his own experience related to:

* Many years of scientific and research work at the Silesian University of
Technology, associated with the implementation of numerous research projects,
including projects related to S.C. issues, as well as the development of
publications, original expert reports, and evaluation of project funding
applications, including those related to the broad topic of Smart Cities,

* Serving as a councilman and chairman of the City Council, and also as the deputy
mayor of his City,

* Serving as a member of the executive body in the regional representation of local
governments,

* Serving two four-year terms as a member of the Sejm of the Republic of Poland,

* Performing duties as a member of the Polish Parliament’s delegation to the
Parliamentary Assembly of the Council of Europe during the aforementioned
period.

4. Knowledge management in the process of transforming city space into
smart space

Let us take the following assumption as the basis for the considerations presented
below: knowledge about a particular city is the sum of the knowledge resources of
stakeholders operating in that city and its environment (closer and further). This
assumption is often repeated in scientific studies, the authors of which propose dif-
ferent approaches to how to integrate such knowledge. In the available literature,
there are often works dealing with this issue and embedded in the medical field. There
have also been studies of a review nature, such as [34]. Quite popular, for example, is
the ontological approach [35, 36]. However, in the opinion of the author of this
chapter, such proposals, although methodologically correct, have - in the perspective
of participants in S.C. processes - the nature of a contrived intellectual experiment.

It can be assumed that the vast majority of participants in such processes, in order to
understand, for example, the meaning of the term “ontology,” must reach for a

12
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dictionary. Therefore, in this study, an attempt was made to take maximum account
of practical aspects in the preparation and implementation of a specific S.C. process,
with particular attention to the difficulties and problems in knowledge management,
usually showing the gap between theory and practice.

Very often in the practice of S.C. processes, the starting point for the
planning, preparation, and “launch” of the process is the implementation of a
project aimed at developing a “Smart Strategy” for a given city. In order to
organize further considerations, let us assume here that we will consider only S.C.
projects falling within the group of Smart City 2.0 according to the proposal by B.
Cohen, i.e., projects that are conducted (coordinated) by the authorities of a given
city, and their implementation involves - to a greater or lesser extent - internal
stakeholders of S.C. processes. However, experts or institutions employing experts
(e.g., scientific and research entities) are often involved in the implementation of
projects of the type in question, i.e., participants usually coming from outside a given
urban body.

Smart Strategies are usually prepared for a specific time horizon and related to
higher-level strategic documents, such as a city development strategy or spatial
development plan. The Smart Strategy or related documents generally indicate the
objective(s) to be achieved, which are then broken down into tasks to which contrac-
tors are assigned.

Let us further assume that the Smart Strategy was developed and - most often -
adopted by resolution by the decision-making body (the City Council). Such a Strat-
egy should include guidelines for practical considerations for the implementation of
tasks, as indicated in the previous section.

In task (A), it is crucial to identify the city’s knowledge managers, which can be
facilitated if such managers participate in the preparation of the Smart Strategy for the
city. The next step is to assess the willingness of these managers to share their
knowledge. This issue is raised in available studies, such as [37, 38] Although - in the
opinion of the author of this study - the assumption that altruistic attitudes are the
basis for the readiness for such sharing is not fully justified. It can be assumed that
attempts to share knowledge, for example, by managers of municipal entities carrying
out tasks in the area of municipal management, may be enforced by an official order
issued by the governing body of the city. However, since employees with specific
knowledge may find it difficult to articulate it, especially in the required form of, for
example, rules, it may be reasonable, especially in the initial phase of the S.C. process,
to try to implement a “meta-knowledge” formula (e.g. [39-41]). In such an approach,
we take an inventory of knowledge managers while recording what knowledge assets
these managers possess. Such an inventory should also be aimed at identifying such
task areas for which the involvement of external experts is needed or will be neces-
sary. An example of the use of the matrix notation, proposed previously (Table 1), to
achieve such a goal is shown in Table 2.

The assignment of stakeholders to knowledge areas as in Table 2 undoubtedly has a
number of weaknesses. Undoubtedly, a major disadvantage of such an assignment is its
static nature, so that, for example, it is not possible to take into account the impact of
changes over time, affecting individual stakeholders, on the knowledge base held. The
most obvious reason for such changes may be the tenure of the city government, and
thus the impact of the emergence of new people in key decision-making positions (city
councilors, mayor) as a result of elections. Another factor potentially affecting the
knowledge resource of the stakeholder(s) of the S.C. processes in Group 2 is the mobil-
ity of employees, in this case, employees of the units implementing the city’s own tasks.

13
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“Daily Development  Public Waste
functioning” strategies,  transport management
of the urban investment

organism projects
Internal
Stakeholders (IS)
City authorities and City Hall X X X X
structures
Managers of entities, implementing X X X
tasks in the area of municipal
management and the so-called own
tasks of the city
City residents X x (?) x (?) X
External
Stakeholders (ES)
Municipal (metropolitan) association X X
Regional authorities X

Table 2.
Diagram of the matrix linking participants in the S.C. process to their area knowledge vesources about the city
(own elaboration).

The departure of an employee with a certain amount of useful, including for the S.C.
process, knowledge may result in the loss of this resource. Therefore, a decision to
create a formalized knowledge base, combining a description in the formula of “meta-
knowledge” (knowledge about knowledge) combinedwith a record of a set of
formulable rules, drawn up using knowledge engineering methods to assist the manager
of the knowledge resource in its articulation and recording in a form, adopted as the
basis for the knowledge base being created, may be justified.

Another problem, worth noting and considering, is the potential reluctance or
inability of individuals (from different stakeholder groups) to share knowledge, espe-
cially to articulate the knowledge they have (e.g., in the form of rules). The author of
this chapter, while appreciating the competence of knowledge engineers, does not
believe in their omnipotence. Also, the supporting role of the knowledge engineer has
limitations, if only due to the classic principle of “Garbage in, garbage out.” This
problem, in the author’s opinion, also requires the implementation and execution of
appropriate educational measures.

Finally, it is important to consider the nature of individual internal stakeholders’
knowledge about the city and the individual purposes for which this knowledge is
acquired and collected. A city resident accumulates individual knowledge, such as
facilitating his or her movement around the city area and the offer of different types
of transportation, knowledge of places for good shopping or successful recreation but
also knowledge of effective ways to break through various administrative barriers to
deal with day-to-day matters, especially administrative ones.

A body of knowledge is being created, which should also be available to city
managers and allow them to improve “office-citizen” contacts. These are often no-
cost or low-cost measures, and their successful implementation can significantly
improve residents’ assessment of the quality of life in their city.

In summary, in planning the S.C. process, one should:
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I.Plan and organize activities aimed at inventorying the existing body of
knowledge about the city, which is assumed to be the subject of the S.C. process,
with identification of the gestors of such knowledge.

II.Plan and organize channels for acquiring missing knowledge before and during
the tasks that make up the S.C. process,

III.Create an entity (or entities) authorized to collect and share, as well as protect
the knowledge held in the implementation of the S.C. process,

IV.Provide means and ways to replenish one’s knowledge base.

Composed of the above-mentioned elements, the action plan should lead to a state
in which the implementers of the S.C. process have a body of knowledge, recorded
and accessible according to knowledge management theory. However, at this point, it
is worth referring to practice, which often contradicts theoretical assumptions.

5. Subjective review of problems in the practice of urban knowledge
management

In the previous sections of this chapter, the main attention was devoted to the
analysis of conditions which, in matrix terms presented in Table 1 and Table 2, can be
described by the term “horizontal” (described by the rows of this matrix). Let us now
try to consider the problems, described in the columns of this matrix. In particular,
these are the problems shown in those columns where the body of “sectoral” knowl-
edge is held by more than one manager of such knowledge.

Consider, for example, the column of the matrix shown in Table 2, described as
“Daily functioning of the urban organism.” This column identifies the city govern-
ment as knowledge managers, supported by clerical structures (the City Hall) and
residents. Let us try to describe the peculiarities of the knowledge base of the two
mentioned managers.

The body of knowledge about the functioning of the urban organism, which is the
responsibility of the city authorities, includes knowledge about the history and cur-
rent image of this organism, generated both by numerous channels of information of a
statistical nature and by the recording of individual residents’ matters processed by
the City Hall structures. It is worth noting that information, generating the knowledge
resource of city decision-makers, should, as a rule, be open and accessible to city
residents (with exceptions defined by relevant legal regulations). The body of
knowledge of the city authorities is used in the procedure of individual matters of
residents, but first of all, it is the basis for activities related to the adoption of decisions
of a strategic nature by these authorities, such as budget decisions or decisions of a
planning nature (e.g., regarding the city’s spatial development plan), as well as the
basis for the preparation of strategic documents.

Knowledge, which remains the responsibility of each resident, is of a completely
different nature. The body of this knowledge consists primarily of personal experience
acquired during the period of residence in a given space, combined with knowledge
derived from the social relations existing in the space. It is also worth noting that such
“individual knowledge” usually contains a significant base of tacit knowledge and -
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especially in some cultural and political systems - a component of the base which the
author proposes to call “covered knowledge.” This term describes, in particular,
knowledge of relationships and dependencies, including family and social relation-
ships, allowing for faster and more efficient handling of official matters.

Comparing the descriptions of the knowledge resources of the two “city stake-
holders” presented above, one can come to the conclusion that these resources are
completely incompatible and cannot form the basis for joint action. However, in the
author’s opinion, attempting to find solutions (perhaps of an organizational and for-
mal nature) that would, for example, limit the needs of city residents to own and use
the above-mentioned “covered knowledge resource” would contribute significantly to
the overall goal of the Smart City, that is, broadly understood, to improve the quality
of life in the city. It needs to be noted that this is an example of improving the level of
intelligence of the city without the need to purchase and implement advanced ICT
solutions. Since the recommendation to make an attempt should be correlated with an
indication of who should make the attempt, the author is of the opinion that in the
search for an agreement between city authorities and residents, the initiating party
should be the first mentioned stakeholder of the S.C. process.

Another example to consider is described in the column of the matrix shown in
Table 2 “Development strategies, investment projects.” Since decisions of a strategic
nature obviously affect all stakeholders in S.C. processes, they should participate as
actively as possible in the preparation of the relevant documents. In addition, since
every urban organism functions in a certain environment, the need to take into
account knowledge of similar decisions in neighboring entities and at the superordi-
nate level (the city’s development strategy cannot be completely disconnected from
the development strategy of the region in which the city is located) seems obvious
when preparing the strategies and development plans. Hence, the demand for the
participation of external stakeholders (in Table 2 “municipal (metropolitan) associa-
tion” and “regional authorities,” respectively). Let us skip the description of the
detailed knowledge requirements, which are the responsibility of all the entities
included in this column, and focus on the postulate for the participation of residents in
the preparation of development strategies (in particular: Smart strategies). Such a
postulate seems obvious, but - as the author’s practical experience shows - it is
extremely difficult to implement. Hence, the question mark in the corresponding box
of the matrix shown in Table 2. In the literature we can find numerous studies
devoted to the implementation of the model of public participation in the activities of
public administration (e.g., [42] or [43]). However, practice usually looks different
from theory. In such practice, the participation of residents in all forms of public
consultations, the carrying out of which is often, for example, in the development of
strategies or changes to spatial development plans, a legal requirement, attracts a
small group of residents (in a city with a population of about 200,000 such consulta-
tions usually involve at most a few dozen people), usually belonging to one of two
categories:

a. Persons directly concerned, such as owners of land covered by the development
plan amendment under preparation,

b. Skeptics, that is, people who contest every solution according to the principle:
“No because no, we are attached to what is, we do not want novelty.”
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When preparing and implementing S.C. processes, we should also take into
account not only the lack of interest of the general public but also various forms of
resistance to change by some residents or groups of residents. It therefore becomes a
necessity to implement all possible ways of educating Smart Cities stakeholders, both
to involve them in the process of shaping their place of life and its surroundings and to
make proper use of its “smart” capabilities obtained in the S.C. process. Once again,
the city government should be the natural initiator of such activities.

Yet another type of problem is described in the matrix, shown in Table 2, by the
“Public Transportation”. At the intersection of this column and the “City residents”
row, a question mark also appears next to an indication of knowledge possessed by
city residents, useful in solving problems from the indicated area (an “x”). By analyz-
ing the sample competencies and knowledge resources of individual stakeholders:

* City authorities: issuing location decisions for public transportation
infrastructure elements and, most often, financing this infrastructure.

* Managers the aforementioned infrastructure: purchase and maintenance of
rolling stock.

* Metropolitan union: coordination of route network, timetables, passenger
information

We come across the problem of locating the routes of transportation lines and the
location of bus stops. Agreeing in principle with the need to implement public partic-
ipation in all activities affecting a city resident, the author believes that it will usually
be justified to adopt the use of solutions adopted arbitrarily in this case. Because, most
often, when discussing the location of the transportation line and stops, it turns out
that everyone involved wants the line to run not directly next to their property
(because of noise, vibration, and increased traffic) but very close (because then you
do not have to walk far). The same applies to the location of stops. Since it is impos-
sible to meet all such expectations, it may be worth limiting residents’ influence on
decisions until residents develop the right pro-community attitudes.

6. Conclusions

Research on the possibilities and needs for transforming urban space in such a way
as to make the space as friendly as possible to its users (city residents, but not
exclusively) covers more and more new problem areas.

In addition to problems such as the impact of large built-up areas on the local
climate (so-called urban heat islands [44]), research is being undertaken on socially
motivated phenomena, such as the occurrence of “exclusion” phenomena in cities
[45]. Quite a few studies are described, showing a view of the intentions to create a
Smart City from the side of communities, variously excluded or isolated (as well as
self-excluded and self-isolated) in the functioning urban organism. One can sadly
state that city authority, and, unfortunately, some researchers behind them, are eager
to show, for example, smart traffic light management, downtown parking space
management, or a Smart City information system. Hidden away, or perhaps only in
the realm of understatement, are the possible expectations and needs of residents of
parts of the city inhabited by ethnic minorities, or parts of the city where there is a
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phenomenon that can be enigmatically described as an “area with a reduced standard
of living space” remain hidden, or perhaps only understated. On the other hand, in
many cities, we are dealing with the phenomenon of creating enclaves of substandard
living, referred to by the term “gentrification” [46].

Therefore, the author of this chapter wants to clearly emphasize that the thoughts
presented herein are an attempt to describe the current state. Undoubtedly, however,
the problems of knowledge of the urban organism, the construction and management
of the resources of such knowledge, and the making of decisions based on this knowl-
edge are and will remain both the subject of research by scientists and the subject of
the practice of the stakeholders of the processes taking place in the urban organism,
such as S.C. processes.
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Chapter?2

Harnessing the Power of Culture
and Cultural Intelligence within
Knowledge Management

Leila Halawi

Abstract

As smart machines and artificial intelligence become more prevalent in the
workplace, organizations must prioritize building a culture that supports knowledge
management initiatives. However, cultural diversity may hinder effective knowledge
sharing, transfer, and collaboration. Organizations must cultivate cultural intelligence
to overcome these challenges and fully utilize the potential of culture. This chapter
investigates the role of culture and cultural intelligence. It examines the significance
of culture in knowledge management. It offers practical examples and best prac-
tices from organizations such as IBM and Unilever for utilizing culture to improve
knowledge management practices. The chapter examines the relationship between
culture and KM and discusses cultural intelligence, its importance, and its applica-
tion. Additionally, the chapter delves into strategies employed by IBM and Unilever to
cultivate a culture that supports knowledge management. By examining their success
stories, valuable insights and best practices can be derived.

Keywords: knowledge management, cultural intelligence, culture, IBM, Unilever

1. Introduction

Competing in the twenty-first century represents a paradigm shift compared to
the past [1, 2]. Markets have become increasingly dynamic, fluid, and uncertain,
while consumers exhibit higher levels of demand and discernment. Competitors
now possess enhanced agility and display predatory tendencies, while employees
are characterized by greater intelligence and transience. Consequently, competition
on a global scale has undergone dramatic changes, especially post-COVID-19, and
intensified over the last two decades. The dynamic forces of the globalization age
have forced organizations to search within for their full main capabilities to meet the
challenges of their imminent obligations. Nations around the globe reacted differ-
ently to the dynamic changes that are impacting their economies. The economic
language has also changed from seeking economies of scale based purely on produc-
tivity and return on investment to managing the “Age of Thinking and Resilience”
[3, 4] or, for some, the “Creative Age” [5] “Third Industrial Revolution” [3] or still
the “Knowledge Age”
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The continuous advancements in computing power, the Internet, information
technology (IT) infrastructure, and the integration of technologies from IoT to big
data revolution and production advancements that could potentially lead to a future
without work have resulted in widespread recognition of the power of information
and connectivity. The accounts envisioning a future without work in the coming years
draw inspiration from a body of research that argues that advanced technologies such
as smart machines (e.g., algorithms, artificial intelligence, and the Internet of things)
are progressively eliminating the concept of work, including knowledge-based task;
nevertheless, Karakilic [6] emphasizes the ongoing importance of human involve-
ment in knowledge work.

Multinational organizations face considerable challenges in managing knowl-
edge across different cultural contexts. An organization’s culture shapes employees’
attitudes and behaviors toward knowledge sharing and collaboration [7]. It sig-
nificantly influences how individuals and organizations create, share, and apply
knowledge. Cultural differences pose communication barriers; divergent norms and
values affect knowledge perception and collaboration; trust and relationship build-
ing are influenced by cultural nuances; power dynamics hinder knowledge sharing;
contextual differences impact knowledge application; and resistance to change arises
from cultural factors, emphasizing the importance of cultural Intelligence (CQ) in
overcoming these challenges and promoting effective knowledge sharing and collabo-
ration across cultural boundaries [8]. CQ represents the person’s capability to under-
stand and effectively network with individuals from diverse cultural backgrounds
[8]. In knowledge management (KM), CQ enables employees to navigate cultural
differences, adapt communication styles, and build cross-border relationships [9]. By
possessing CQ , employees are better equipped to comprehend and appreciate differ-
ent perspectives, leading to improved knowledge sharing and collaboration within
multinational organizations [10]. CQ also facilitates the development of cross-cul-
tural communities of practice, where employees from various cultural backgrounds
can collaborate and exchange knowledge [11].

Therefore, understanding the impact of culture and CQ on KM is crucial for devel-
oping effective strategies that promote knowledge sharing, learning, and innovation.

2. Knowledge management (KM)

Over the years, organizations such as Amazon, Microsoft, Apple, Nike, Siemens,
Unilever, IBM, Intel, Procter & Gamble, Boeing, Ernst & Young, Honeywell, Miter,
KPMG, and Ford Motor Company have undertaken many KM initiatives, developed
a knowledge base, developed training materials and offered training sessions on KM,
implemented knowledge management systems (KMS), created knowledge networks,
and created knowledge-sharing cultures to tackle the loss of explicit and implicit
knowledge. These initiatives can yield several advantages, including enhanced effi-
ciency, productivity, and customer service. KM is crucial in stimulating individuals’
thinking and influencing their actions.

KM is a main competitive advantage in the era of the knowledge economy or the
Third Industrial Revolution. KM encompasses a range of technological, cultural,
and procedural approaches that organizations employ to enhance the value derived
from knowledge [12]. This involves improving, identifying, collecting, sharing,
and utilizing existing organizational knowledge and accessing or developing new
knowledge through partnerships or ventures [13]. KM goes beyond the scope of
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information systems and technology, heavily drawing from social and cultural ele-
ments. It also intersects with organizational development, innovation, and competi-
tive intelligence [14-16].

2.1 Knowledge management process

Knowledge management processes exhibit diverse forms and can be implemented
in various configurations. Nissen [17] proposed a life cycle model that illustrates an
organization’s seamless knowledge flow, encompassing six phases. Wiig [18] pio-
neered a knowledge management process consisting of eight activities. Whitmore &
Albers [19] also identified a nine-step comprehensive framework.

Implementing KM within a business is undoubtedly a multifaceted process.
Nevertheless, its potential benefits make it a valuable tool for businesses of all sizes.
By diligently following these steps, organizations can embark on the path to success-
ful KM implementation and reap its rewards (Figure1).

1.Identification of knowledge needs: First and foremost, it is crucial to identify
the knowledge needs specific to the organization. This encompasses customer
information, product details, employee data, and other pertinent information
relevant to the business’s operations.

Identification
of Needs

Knowledge Knowledge

Management Capture

Knowledge
Sharing

Figure 1.
Knowledge management process.
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2.Knowledge capture: The captured knowledge needs to be effectively stored and
organized. This can be accomplished by establishing a comprehensive knowl-
edge base, developing training materials, or utilizing alternative methodologies
designed to capture and retain knowledge.

3. Knowledge sharing: Once the knowledge has been captured, the next step in-
volves sharing it with employees. Cultivating a knowledge-sharing culture within
the organization is essential, as it encourages employees to disseminate knowl-
edge actively. Employing KMS or utilizing other appropriate channels facilitates
the efficient and widespread distribution of knowledge among employees.

4.Knowledge management: Finally, managing shared knowledge is critical to en-
sure its relevance and accuracy. This includes regularly updating the knowledge
base, providing training sessions to address new knowledge, and implementing
appropriate methodologies to manage the knowledge repository effectively.

2.2 Knowledge management success factors

Within the established frameworks of KM implementation, several factors emerge
as crucial elements demanding focused attention for the success of KM initiatives.
However, if these factors are not properly and adequately addressed, they can transi-
tion from facilitators of KM into significant barriers that hinder the realization of
KM’s benefits [20].

The crucial factors encompass organizational structure, strategy, leadership,
technological infrastructure, culture, organizational processes, and measurement
[21]. When these factors are appropriately addressed and aligned with the goals and
direction of the organization, the likelihood of achieving KM success significantly
increases.

3. Culture

An organization’s culture emerges from its members’ shared fundamental
assumptions and beliefs. It operates unconsciously, shaping the organization’ self-
perception and perception of the surrounding environment [22]. Hofstede [23] intro-
duced a comprehensive definition of culture as the shared mental programming that
sets one group apart from another. He posited that culture finds expression through
symbols, heroes, rituals, and values, which manifest across multiple dimensions: power
distance, individualism versus collectivism, femininity versus masculinity, uncertainty
avoidance, long-term versus short-term orientation, and indulgence versus restraint.
Culture encompasses the values, principles, unwritten rules, norms, and procedures
that guide organizational behavior. Culture building is a slow process [24].

Culture acts as the binding force that unifies an organization and enacts a decisive
part in shaping the utilization of an organization’s knowledge assets. It dictates both
the capabilities and limitations of what can be achieved. As organizational theorists
acknowledge, culture plays a significant role in organizational performance and
long-term effectiveness [25]. Successful organizations embody a cohesive organiza-
tional culture, forming a harmoniously integrated entity where everyone’s contribu-
tions complement one another. Rather than solely relying on hard work, effective
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organizations emphasize working smarter. Within the organizational context, culture
becomes the determining factor that defines the realm of possibilities.

3.1 Culture and knowledge management

In the context of an organization, culture influences and is influenced by
infrastructure, strategy, and the organization’s mission, vision, objectives, and
goals. Malhotra [26] emphasizes the critical role of a healthy corporate culture in
the success of KM. KM is a critical organizational process that aims to create, share,
and apply knowledge to achieve corporate objectives. Culture is pivotal in KM as it
shapes employees’ beliefs, values, and behaviors related to knowledge sharing and
collaboration.

Organizations must cultivate a culture and environment that align with KM
objectives. Enhancing organizational culture should be a primary focus in strategic
planning efforts [27]. Innovation and knowledge creation processes are deeply rooted
in society and intricately tied to its culture. Culture significantly influences the
methodologies, philosophies, and individuals within organizations. However, cultural
variations can obstruct the effective transfer of knowledge [28].

By harnessing KM, competing and cooperating companies can effectively navigate
cultural differences and establish fruitful business relationships with individuals
from diverse countries. Achieving this objective entails understanding the intricate
interplay between KM and culture and recognizing the inherent value each brings to
the table [29].

To successfully implement KM processes, organizations must consider adopt-
ing a new cultural model or adapting their existing culture to foster sharing and
collaboration. However, it is crucial to ensure that this cultural change is seen as an
enhancement to employees’ professional and personal lives rather than an imposi-
tion. Developing a knowledge-sharing culture primarily relies on establishing a solid
foundation of trust among individuals. KM-enabling culture is a trusting knowledge
culture that actively encourages and rewards innovation, learning, experimentation,
critical analysis, and reflection [30]. Trust is vital in facilitating knowledge sharing
among organization members.

3.2 Cultural intelligence (CQ)

Cultural intelligence (CQ) is a complex framework encompassing knowledge
and understanding of effective interactions across diverse cultures [8]. The acronym
for cultural intelligence (CQ), short for cultural quotient, encompasses four dimen-
sions: “behavioral CQ, motivational CQ, cognitive CQ, and meta-cognitive CQ” [8].
Behavioral CQ pertains to the verbal and nonverbal behaviors employed to interact
with colleagues in multicultural environments, focusing on actions rather than
emotional or psychological factors. Motivational CQ reflects the interest and drives
to engage with and understand other cultures, encompassing intrinsic and extrinsic
motivation. Cognitive CQ encompasses systematic knowledge of practices and norms
in different cultures, which can be acquired through education or practice. Lastly,
meta-cognitive CQ involves advanced thinking skills [31] that enable abstract cogni-
tive strategies in diverse cultural settings [32].

CQ focuses on developing diverse skills applicable to various cultural con-
texts rather than solely acquiring knowledge about a single culture [33]. CI plays
a crucial role in KM, with a positive association between CI and KM processes
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[34]. Meta-cognitive CI helps establish cultural commonalities, while cognitive CI
enhances understanding of the international environment. Motivational CI promotes
enjoyment during cross-cultural interactions and facilitates knowledge sharing,
while behavioral CI enables effective cross-cultural communication and knowledge
acquisition [35, 36].

Several studies have confirmed the positive impact of CI on knowledge sharing
and standard and reverse knowledge transfer [37, 38]. Additionally, CI helps mitigate
the negative effects of language barring on knowledge obscuring and collecting,
leading to improved knowledge practices [39].

4.1BM

IBM, short for “International Business Machines,” is a globally recognized
American multinational information technology corporation based in Armonk, New
York. With over 175 countries, IBM has established itself as a prominent figure in the
information technology industry for over a century. In recent years, the company
has emerged as a global leader in cloud computing, data analytics, and artificial
intelligence (AI) [40]. Presently, IBM places great importance on the ability of Al to
deliver tangible value through collaboration with human interaction. This philoso-
phy underpins developing an Al-enriched knowledge management system (KMS)
designed explicitly for market and competitive intelligence. This system serves as a
tool that empowers business professionals across the organization to make informed
decisions based on available research assets. It is worth noting that this system is not
intended to replace human expertise but rather to complement and enhance human
capabilities.

IBM embarked on its knowledge management (KM) journey in the early 1990s
and introduced its initial KM initiative, Asset Management, from the Business Unit
Perspective, in 1994 [41]. The main purpose of this initiative was to create a reposi-
tory of knowledge and work-related information contributed by colleagues. This
knowledge base facilitated the reuse of assets and intellectual capital, enabling IBM
to deliver client solutions with improved quality and efficiency. In 2000, the company
established its KM Center of Excellence, which provides guidance and support to IBM
employees regarding effective knowledge management practices. Additionally, IBM
has developed various KM tools and products, such as Lotus Notes, IBM Connections,
and IBM Watson. IBM encompasses a range of KM initiatives, including social learn-
ing through the internal sharing and collaboration tool Yammer and diverse com-
munities of practice and knowledge repositories. IBM’s efforts in KM have garnered
recognition from industry experts, with KMWorld honoring IBM as the “Knowledge
Management Leader of the Year” in 2002 [41].

IBM has long recognized the significance of KM in driving organizational success.
Operating in culturally diverse settings worldwide, IBM faces considerable challenges
in effectively managing knowledge across borders. Acknowledging the pivotal role of
culture in KM, IBM has fostered a knowledge-sharing and collaborative culture that
is key to the company’s success. This culture of knowledge sharing and collaboration
has contributed to several business benefits for IBM, including improved customer
satisfaction, increased employee productivity, reduced costs, enhanced decision-
making, and increased innovation [42].

IBM has implemented various strategies to cultivate a knowledge-sharing and
collaboration culture. The company upholds an organizational culture of “THINK,”
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which emphasizes thinking and creating solutions. IBM’s cognitive quotient (CQ)
measures the company’s ability to acquire, process, and apply knowledge. To over-
come cultural barriers and promote knowledge sharing, IBM has established global
communities of practice that bring together employees from diverse regions and
backgrounds. These communities are platforms for sharing best practices, exchanging
insights, and collaborating on projects [42]. By facilitating cross-cultural knowledge
exchange, IBM encourages the development of innovative ideas and solutions that
cater to diverse market needs.

Furthermore, IBM leverages technology to facilitate knowledge management
across its global operations. Collaborative platforms and digital tools enable employ-
ees from different cultural backgrounds to access and share information easily,
irrespective of geographical boundaries [42]. This technology-driven approach
streamlines the flow of knowledge and fosters collaboration and collective learning
within the organization.

Additionally, IBM has implemented training programs and initiatives to raise
awareness about cultural differences and their impact on knowledge management.
With a strong knowledge-sharing and collaboration culture and substantial invest-
ments in KM initiatives, IBM maintains a high CQ. The company’s continuous
approach to measuring CQ involves data collection, analysis, and action to improve
[43]. This approach has helped IBM maintain its leadership position in the IT indus-
try. By promoting cultural sensitivity and understanding, IBM equips its employees
with the skills necessary to navigate diverse cultural contexts and effectively collabo-
rate with colleagues across the globe.

5. Unilever

Unilever, a global consumer goods company established in 1930, has a rich history
of innovation and has played a leading role in developing various product categories,
such as detergents, shampoos, and foods. Unilever, a global corporation with opera-
tions spanning over 190 countries, boasts a diverse workforce comprising employees
from more than 100 nations. The company fosters a culture of diversity, inclusion,
and respect, actively encouraging employees to share their ideas and perspec-
tives. Recognizing the significance of cultural Intelligence (CQ) in a globalized
environment, Unilever prioritizes the development of this essential skill among its
employees.

Unilever’s leadership team plays a pivotal role in promoting the culture of CQ.
Their commitment to cultivating cultural intelligence cascades throughout the
organization, which reinforces its importance and influences employees at all levels.
Unilever’s endeavors to promote CQ have earned recognition from various organiza-
tions. In 2019, Unilever was recognized as one of the top 15 companies for diversity
and as a leading Inclusion Index company with inclusive culture as an integral part of
growing a sustainable organization [44]. The Human Rights Campaign also acknowl-
edged Unilever as one of the best places to work for LGBTQ employees in 2017 [45].
Unilever’s dedication to fostering CQ aligns with its strategy for success in the global
marketplace. By cultivating a culture that embraces CQ, Unilever can attract and
retain top talent, cultivate strong relationships with customers and partners world-
wide, and effectively drive innovation. By prioritizing KM and CQ, Unilever is forg-
ing an agile and adaptable organizational culture that is better positioned to thrive in
the global marketplace.
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Unilever’s approach to KM is grounded in the belief that knowledge is a valuable
asset that can enhance the company’s performance, while curiosity is seen as a core
value. To effectively capture, share, and utilize knowledge, Unilever has implemented
several initiatives, including:

a. A knowledge-sharing portal: This platform enables employees to access and
exchange information, fostering a collaborative environment.

b.Communities of practice: Unilever facilitates the formation of communities
where employees with shared interests can come together to share insights,
experiences, and best practices; for example, within the culinary Category, and
through effective knowledge-leveraging strategies, Unilever has made documen-
tation, handbooks, and recognized professionals available, reducing time and
improving efficiency in designing, planning, and commissioning new construc-
tion projects. Additionally, Unilever has adopted a common flavor language to
facilitate seamless communication across regions, cultures, backgrounds, and
experiences [46].

c. Mentoring program: Unilever’s mentoring initiative pairs less experienced
employees with seasoned colleagues, providing an avenue for knowledge transfer
and skills development.

Unilever’s organizational culture is characterized by open communication and
collaboration, which nurture an environment conducive to knowledge sharing.
Additionally, the company emphasizes training and development programs, enabling
employees to expand their knowledge and enhance their skills.

Cultural intelligence (CQ ), the ability to understand and adapt to different
cultures, is a critical competency for employees working in multinational organiza-
tions like Unilever. To cultivate CQ among its workforce, Unilever employs various
strategies, including:

1. Training and development programs: Unilever offers comprehensive training
initiatives to enhance employees’ cultural understanding and sensitivity.

2. Cross-cultural assignments: Encouraging employees to work in diverse cultural
contexts helps broaden their perspectives and develop their CQ.

3.Exposure to different cultures: Unilever promotes travel and exposure to dif-
ferent parts of the world, enabling employees to gain firsthand experience and
understanding of diverse cultural practices.

CQ equips employees with several benefits, including:

Effective communication: CQ enables individuals to communicate more profi-
ciently with people from diverse cultural backgrounds.

Relationship building: CQ facilitates positive relationships with individuals from
different cultures, fostering collaboration and teamwork.

Cross-cultural collaboration: Employees with high CQ can work effectively in
cross-cultural teams, leveraging the diversity of perspectives and experiences to drive
innovation and problem-solving.
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Unilever is committed to cultivating a culture of CQ within the organization. The
company invests in comprehensive training and development programs to develop
employees’ CQ and encourages cross-cultural assignments and international travel
opportunities.

6. Insights and best practices

Organizations are intricate and dynamic systems that constantly evolve. They
must navigate various elements such as profitability, culture, politics, social net-
works, communities, individuals, values, ethics, and goals within their environment.
Knowledge databases become susceptible to rapid decay when sharing embedded
knowledge is not ingrained within a specific culture [47].

Both IBM and Unilever share similarities in harnessing the power of culture and
CQ within KM. To begin with, both organizations acknowledged the value of cultural
diversity in their workforce, actively seeking talent from various backgrounds and
promoting inclusivity. Next, they invested in CQ training programs to equip their
employees with the necessary skills to navigate and adapt to diverse cultural contexts.
Lastly, both companies instigated robust KMS systems and platforms to facilitate
collaboration, knowledge sharing, and innovation.

Despite these similarities, there are notable differences between the two cases. As
a technology company, IBM greatly emphasizes leveraging digital tools and platforms
for KM. They developed Al-enriched systems for market and competitive intelligence,
complementing human expertise. On the other hand, as a consumer goods company,
Unilever focused on aligning its organizational culture with KM goals and driving
innovation through curiosity and openness. They emphasized forming communities
of practice and adopting common language and practices to facilitate knowledge
sharing.

To harness the power of culture and CQ within KM, organizations can follow
a series of best practices: embrace cultural diversity and inclusivity; invest in CQ
training; leverage technology and AI; establish communities of practice; promote
curiosity and openness; encourage cross-cultural assignments and exposure; invest in
comprehensive training and development programs.

These practices collectively will drive innovation, collaboration, and organiza-
tional success.

7. Conclusions

The chapter unfolds structured, beginning with an introduction that sets the stage
for subsequent discussions. This is followed by an in-depth examination of knowledge
management, encompassing the knowledge management process and its critical
success factors. Part 2 of the chapter provides an overview of culture, including its
relevance to knowledge management culture and the significance of cultural intel-
ligence [CQ ] within the realm of knowledge management.

Sections 4 and 5 focus on the practical application of knowledge management,
exemplified through the strategies employed by IBM and Unilever. Furthermore,
these sections shed light on the pivotal role played by culture and cultural intelligence
in the success of these organizations.
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Drawing from these insights, the chapter closes by highlighting the implications
and presenting best practices for leveraging culture and cultural intelligence in the
context of knowledge management. Furthermore, the chapter is supported by a
robust reference section, ensuring interested readers can delve deeper into the subject
matter.
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Appendices and nomenclature

Al Artificial intelligence—a broad term that suggests smart actions performed
by a computer without requiring explicit human programming.
cQ The acronym for cultural intelligence (CQ ), short for cultural quotient—a

complex framework encompassing knowledge and understanding of effec-
tive interactions across diverse cultures.

IT Information technology—a set of tools that help work with information and
perform tasks related to information processing.
KM Knowledge management—creating, storing, arranging, retrieving, and

distributing an organization’s knowledge.

KMS  Knowledge management system—refers to using modern information
technologies to systematize, enhance, and expedite intra- and inter-firm
knowledge management.
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Chapter 3

Enhancing Well-Being
through Knowledge Sharing:
Participants’ Paths

Kei Aoki

Abstract

This study aimed to explore the mechanism of knowledge sharing as a solution to
utilizing individual knowledge that is still untapped, such as user innovation. Prior
research has indicated a positive relationship between knowledge sharing and well-
being. This study examined participants’ motivation and well-being and compared
two types of participants: income-oriented individuals (workers) and hobby-oriented
individuals (hobbyists). A questionnaire survey investigated the differences between
these two groups in terms of their motivation to engage in knowledge sharing (RQ1)
and whether there were disparities in their levels of well-being (RQ2). I found that
workers exhibited significantly higher altruism levels as motivation for participat-
ing in knowledge sharing, in addition to monetary rewards, compared to hobbyists.
Moreover, there was no significant difference in the levels of well-being between
the two groups. Overall, this study demonstrates that individuals can improve their
well-being by using their knowledge and experience to support others, regardless of
whether it is related to income, hobbies, or personal enjoyment.

Keywords: sharing economy, knowledge sharing, user innovation, well-being, PERMA

1. Introduction

With the rise of the sharing economy and the increasing diversity of work styles,
there are now more opportunities than ever for individuals to leverage their knowledge
and experience. However, the potential of individual knowledge and ideas remains
largely untapped. For example, user innovations could increase social welfare, but there
is currently no adequate mechanism in society to make use of them [1]. This study fills
this gap by highlighting the additional social benefits that can be achieved by utilizing
individual knowledge, specifically—that is, improving the well-being of those involved.

This study focuses on knowledge sharing as a mechanism for leveraging individual
knowledge. While previous research has examined knowledge sharing between
consumers and firms/public sector organizations [2-6], this study specifically
explores consumer-to-consumer (C-to-C) knowledge sharing. Moreover, this study
investigates knowledge sharing in both face-to-face interactions and through online
platforms. In C-to-C knowledge sharing, not only explicit formal knowledge is
exchanged, but also tacit knowledge inherent in individuals is shared through the
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exchange of experience sharing. In this study, “experience” is defined as tacit knowl-
edge and included in the scope of knowledge sharing.

Innovation by private individuals, referred to as user innovation [7] or household
sector innovation [1, 8-10] in recent studies, is the convergence of personal knowledge.
People try to solve some problems using their own knowledge and experience. As users,
they possess a deep understanding of the problems at hand and how best to address
them [9, 11, 12]. Consistent with previous literature, this study defines innovation as
problem-solving.

1.1 Market failure in diffusion of user innovation

User innovation research has long discussed how to elicit innovative ideas that
adhere to individuals [7, 13-16]. This is because most user innovators do not actively
disseminate their ideas, since they do not expect incentives appropriate to their
effort. Previous studies have indicated that this as a “market failure” [17, 18]. It has
been suggested that user innovators create financial value by using their time beyond
labor time [19, 20]. It is a great loss for society that even though user innovation could
increase social welfare, these are not functioning optimally in real terms.

One effective way to diffuse user innovation is through participation in a commu-
nity of user innovators [7, 13, 14], and participants’ motivations have been studied.
Although financial incentives have been shown to be partially effective [21, 22], the
main motivations of community participants have been the fulfillment of personal
needs, feedback from others, and enjoyment [21-24].

Based on the self-determination theory [25-27], Fiiller [21] described 10 categories
of motivation for those participating in online co-creation projects. The 10 categories
are divided into three subcategories: intrinsic, internalized intrinsic, and extrinsic
(see details in Table 1). It is revealed that motivation is dependent on the characteris-
tics of the consumer [14].

1.2 Knowledge sharing as a solution for diffusion of user innovation

Belk [28] has defined sharing as “the act and process of distributing what is ours
to others for their use and/or the act and process of receiving or taking something
from others for our use” and has demonstrated its effectiveness [29, 30]. Previously,
it was noted that knowledge sharing has contributed to the development of educa-
tion, culture, computing, and so on [31, 32]. With the development of the sharing
economy, various platforms have been established, making it easier for individuals to
disseminate and monetize their ideas. The same is true for user innovation, which can
be regarded as the accumulation of individual knowledge.

Aoki [33] found that knowledge sharing is a solution to the market’s failure in dif-
fusing user innovation. It seems that through knowledge sharing, participants may be
able to satisfy all the motivations Fiiller [21] indicated, including extrinsic motivation
of reward, as well as intrinsic motivation, such as enjoyment, and internalized extrin-
sic motivation, such as interacting with others and gaining recognition. This study
empirically confirms this through a survey of knowledge-sharing participants.

1.3 Relationship between knowledge sharing and well-being

Aoki [33] numerically demonstrated that knowledge-sharing participants do
not only receive rewards but also improve their well-being, using the concept of
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“flourishing” in positive psychology [34]. Well-being has been distinguished from
happiness in that it does not only deal with satisfaction with life or positive feel-

ings, but it is also comprehensive in terms of relationships with others, autonomy,
and achievement [34-37]. The process of knowledge acquisition and utilization by
individuals is a continuous process and could be highly congruent with the concept of
well-being. Aoki [33] visualized the nonmonetary incentives gained by knowledge-
sharing participants with various motivations, in terms of improved well-being.

Flourishing is a criterion for measuring well-being and consists of the follow-
ing five elements: positive emotion, engagement, relationships, meaning, and
accomplishment (PERMA) [34]. Positive emotion is the degree of happiness and
enjoyment [34] and is relative to enjoyment, which has been considered an important
motivation for user innovators [21-24]. Engagement is the degree of absorption in
something [34], or “flow,” as proposed by Csikszentmihalyi [38] and Nakamura
and Csikszentmihalyi [39]. When people acquire new knowledge or try to create
something with it, they may be absorbed in the act. Relationships refer to positive
relationships with others [34]. Interaction with others has been identified as an
important motivation for people to participate in innovation communities [21-24].
Furthermore, participation in knowledge sharing inevitably leads to interaction with
others. Meaning is the degree of satisfaction with one’s life, and accomplishment is
the degree of achievement of goals set by oneself. If their knowledge and ideas are
utilized or recognized by someone else, people may find meaning in it and feel a sense
of accomplishment. Thus, knowledge sharing in the form of diffusion of user innova-
tion and PERMA are considered to have a deep relationship.

Although it is generally difficult to measure nonmonetary incentives, Butler and
Kern [40] developed a PERMA measurement consisting of 15 questions (3 for each
element of PERMA) in which respondents provide ratings on an 11-point scale from 0
to 10 (for details, see Appendix Table A1). Aoki [33] showed that knowledge-sharing
participants were significantly higher than nonparticipants in four of the five PERMA
elements.

Why, then, do knowledge-sharing participants have higher levels of well-being?
Aoki [41] investigated this question through in-depth interviews with 10 knowledge-
sharing participants who were transferring their knowledge and experience through
activities using Lego bricks. She concluded that participants’ well-being was
enhanced through the following process:

1. Sharing knowledge.
2.Deepening the knowledge and experience they have cultivated over the years.

3.Finding meaning in passing on this knowledge and experience to the next
generation.

1.4 Knowledge-sharing positioning and research question

Knowledge-sharing participants include those who do so through work and as an
extension of hobbies. This study examines whether there is a difference in the paths
that the participants followed in either case. Prior research has indicated that mon-
etary incentives and social reputation are conflicting sources of motivation for shar-
ing [31]. Benkler [31] introduced a study comparing paid and free blood donation
programs, and the result was that the free blood donation campaign received more
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cooperation from the public [42]. In the field of psychology, extrinsic and intrinsic
motivations have been discussed as contradictory concepts since Deci [43], who
stated that monetary incentives could delegitimize intrinsic motivation. Behavioral
economics research has pointed out that when monetary incentives are introduced
into a market where social incentives function, the former ceases to function [44, 45].

Aoki’s [41] study included a mixture of those who were involved in Lego as a
hobby and those who became involved in Lego as a job after their hobby developed
into a career. She found no differences between the two groups in the process of
improving their well-being, such as satisfying their own intellectual curiosity
and a sense of mission to pass on to the next generation. It is necessary to confirm
whether this result is due to Lego or whether generalization is possible. This study
examines the differences between the two groups: “workers,” who are income-
oriented participants, and “hobbyists,” who are motivated by something other than
monetary rewards such as a hobby, in terms of motivation and well-being (Figure1).
This study focuses on addressing the following research questions.

RQ1: What are the differences in terms of motivation to participate in knowledge
sharing between “workers” and “hobbyists”?

RQ2: Are there any differences in the level of well-being between “workers” and
“hobbyists” in knowledge sharing?

1.5 Hypotheses

With respect to “workers,” who function for income purposes, the following
hypothesis is derived for RQ1.

H1: In knowledge sharing, while “workers” are more extrinsically motivated,
“hobbyists” are more intrinsically motivated.

As noted earlier, intrinsic and extrinsic motivation have been shown to conflict in
psychology and behavioral economics [31, 42-45]. However, it is necessary to care-
fully examine whether any difference exists in the resulting improvement in well-
being obtained by those who participate in knowledge sharing with their individual
motivations. Studies on the relationship between wealth and happiness have com-
monly shown that the more wealth one has, the higher the level of life satisfaction,
but at a certain level, a point of diminishing returns is reached [34]. The knowledge
sharing addressed in this study is focused on what takes place during nonlabor time,
and that income, if any, is an additional entity; therefore, the impact on well-being
is likely to be limited. This leads to the following hypothesis for RQ2.

H2: There are no significant differences in the level of well-being between “work-
ers” and “hobbyists.”

“Workers” (income-oriented participants)

e

“Hobbyists” (hobby-oriented participants)

Motivations Knowledge sharing

Figure 1.
Research framework.
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2. Materials and methods

1.To answer the research questions, a questionnaire survey was conducted with
knowledge-sharing participants using the following procedures: Comparative
analysis of knowledge participants and a control group (nonparticipants).

2. Comparative analysis of “workers” who participate for remuneration purposes
and other knowledge-sharing participants, the “hobbyists.”

2.1 Sample

The sample of knowledge sharing participants was collected through a research
agency via the proceeding steps. First, with the goal of securing a total of 1,000
participants, the following screening questions were asked to 50,000 participants
between the ages of 18 and 65 years (age, sex, and residential area in this age group
were in line with the population ratio of Japan).

1.Do you have experience in knowledge sharing within the last 12 months? Knowl-
edge sharing refers to using your knowledge, experience, and skills to earn remu-
neration, primarily money, whenever you want, such as during your spare time.
This includes even selling handmade works and so on using your knowledge and
skills.

2. Please select the closest match to your knowledge-sharing position.
a.Secondary occupation or necessary source of income
b.As a hobby or for fun
c. Volunteer work
d.Other

Those who answered “yes” to the first question proceeded to the second question;
those who chose a) for the second question were classified as “workers” and those
who chose otherwise as “hobbyists.”

Simultaneously, a control group of 1,000 men and women aged 18 to 65 years
(age, sex, and residential area in this age group were in line with the population ratio
in Japan) was selected.

2.2 Variables and measurement
2.2.1 Motivation to participate in knowledge sharing

To examine the difference in terms of motivation between “workers” and
“hobbyists” (RQ1), the data was collected using the motivation items presented by
Fiiller [21]. Fiiller [21] extracted these categories covering intrinsic and extrinsic

motivation from diverse literature, including psychology, research on open-source
software communities, word-of-mouth, and so on. Although participant motivations
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or incentives have been presented in knowledge-sharing studies [4-6], primarily
extrinsic motivations or incentives have been discussed. This study refers to Fiiller
[21] in order to focus on intrinsic motivation in addition to extrinsic motivation.

The motivation items were presented to the respondents in a manner consistent
with those of knowledge sharing, as follows (Table 1). Respondents evaluated each
item using a 7-point Likert scale.

Motive categories (Fiiller [21]) Description of this survey
Intrinsic Intrinsic playful For fun
Curiosity Satisfaction of intellectual curiosity
Internalized extrinsic Altruism Own knowledge is useful for someone else
Make friends Interaction with others who share common interests
Self-efficacy Opportunity to test own knowledge and skill
Information seeking Obtaining useful information
Skill development Improvement of one’s skills
Recognition Visualization of evaluations from others
Extrinsic Needed Requested, unique to me, and so on
Reward Income generation
Table 1.

Motivation items.

2.2.2 PERMA

To examine the difference in terms of well-being between “workers” and
“hobbyists,” (RQ2) the level of well-being was based on the concept of flourishing
comprising the five PERMA elements, as presented by Seligman [34].

Prior research has suggested that measures of well-being should be multidimen-
sional [35-37] and universal in their global applicability [37]. The scale of Butler and
Kern [40] has been validated through 11 quantitative surveys covering the Americas,
Europe, Asia, Africa, and Oceania; Aoki [33] used a Japanese translation of the scale
in her study after a back-translation process. In this study, a Japanese translation of
the questions was used in the same manner.

Respondents evaluated each item from O to 10 (see details in Appendix Table A1).
As recommended, the level of PERMA should be measured by the average of three
responses for each element [40], and this was followed here.

2.2.3 Control variables

As control variables, this study collected data on age; sex (male: 1, female: 0);
marital status (married: 1, never married: 0); employment status (1: unemployed, 2:
part-time, 3: full-time); educational background (1: junior high school, 2: high school,
3: junior college, 4: university, 5: graduate school, and 7: high school); ordinal measure
of the length of education (1: junior college/university, 3: university); and personal
annual income (ordinal scale; 1: 0 yen, 2: less than 1 million yen, 3: less than 2 million
yen, 11: less than 10 million yen, 12: less than 12 million yen, 13: less than 15 million yen,
14: less than 20 million yen, 15: more than 20 million yen).
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2.3 Analysis

To test H1, a mean comparison is made between workers and hobbyists for each
of the 10 motivation items. If the results show that workers exhibit higher levels of
extrinsic motivation while hobbyists demonstrate higher levels of intrinsic motiva-
tion, H1 would be supported.

To test H2, a mean comparison is made between workers and hobbyists for
each PERMA element. Prior to this analysis, a comparison of means is performed
between knowledge-sharing participants and nonparticipants for each PERMA
element. This step is necessary to ensure that knowledge-sharing participants have
higher levels of well-being [33]. If a significant difference is found, a multiple
regression analysis is conducted. The group dummy variable (participation to
knowledge sharing; yes: 1, no: 0) is included as an independent variable along with
control variables, and each PERMA element is treated as a dependent variable. This
analysis aims to determine if the significant difference persists even after exclud-
ing the effects of control variables. If the results indicate no significant difference
in any of the PERMA elements between workers and hobbyists, H2 would be
supported.

3. Results
3.1 Sample

As a result of screening, data were obtained for 1,025 knowledge-sharing partici-
pants and 1,042 in the control group. Since the latter group included 59 knowledge-
sharing participants, the analyses included them in the former group. After carefully
reviewing the responses and omitting those that were unreliable or did not meet
the definition of knowledge sharing for the purpose of this study, data from 1,031
knowledge-sharing participants (M, = 41.8 years, 58.9% male participants) and
983 nonparticipants (M,g. = 43.9 years, 49.5% male participants) was finally used
for the analysis. Table 2 breaks down the positioning of knowledge sharing among
the participants (n = 1031) as a result of the screening questions. Those who chose a)
in Table 2 were classified as “workers” (n = 419), and those who chose otherwise as
“hobbyists” (n = 612).

The participants’ knowledge ranged from creative works to languages and child-
related, etc. (Table 3).

n %
a. Secondary occupation or necessary source of income 419 40.6%
b. As ahobby or for fun 495 48.0%
c. Volunteer work 110 10.7%
d. Other 7 0.7%
Total 1031 100.0%

Table 2.
Positioning of knowledge sharing.
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n %
Creative works; videos, photos, handmade works, etc. 307 29.8%
Lifestyle; housework, cleaning, cooking, etc. 250 24.2%
Information technology 226 21.9%
Languages 187 18.1%
Design 168 16.3%
Child-related: childcare, education, etc. 158 15.3%
Others 133 12.9%
Note. Multiple answers.
Table 3.
Participants’ knowledge-sharing categories.
o Knowledge-sharing Nonparticipants t-value
participants (n=1031) (n=983)
M SD M SD
PERMA
Positive emotion 0.85 6.23 177 5.57 175 8.45 o
Engagement 0.85 6.46 1.62 5.63 161 11.57 o
Relationship 0.79 6.04 1.82 5.66 1.87 4.68 o
Meaning 0.82 6.03 1.83 5.18 191 10.16 o
Accomplishment 0.89 6.34 1.68 5.52 167 11.00 e
5 <001,
Table 4.

PERMA of the respondents.

3.2 Comparison of knowledge-sharing participants and nonparticipants

First, I compare the PERMA levels of knowledge-sharing participants and
nonparticipants: for the PERMA scale, it includes a Cronbach’s alpha slightly below
0.8, which is an acceptable level consistent with previous research; and the 15 items
of Butler and Kern’s scale [40] were used in the analysis. The results showed that
knowledge-sharing participants were significantly higher at the 0.1% level in all five
PERMA elements (Table 4).

Next, to verify the validity, multiple regression analysis was conducted with
the knowledge-sharing participation (yes: 1, no: 0) and the control variable as
independent variables and each element of PERMA as a dependent variable. Prior
to the analysis, the normality of the residuals for each variable was verified. Missing
values were also excluded for each pair. To avoid multicollinearity, “employment
status” with a variance inflation factor (VIF) greater than 10 was excluded from
the independent variables. The results of the analysis show that participation in
knowledge sharing significantly affects each of the PERMA components at the 0.1%
level, even after excluding the effects of control variables, for all PERMA compo-
nents, including Relationship, which did not reach significance in Aoki’s [33] study
(Table 5).
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3.3 Comparison of workers and hobbyists in PERMA (H2)

To examine H2, I compared the two groups on the level of PERMA, and there were
no significant differences between workers and hobbyists for all elements (Table 6).
Therefore, H2 is supported.

3.4 Comparison of workers and hobbyists in motivations (H1)

To examine H1, I compared the motivations for participating in knowledge sharing
between two groups and found that “altruism” (p < 0.05) and “reward” (p < 0.001)
were significantly higher for the workers than for the hobbyists (Table 7). While the
result for “reward” is in line with the hypothesis, the result for “altruism” is contrary
to the hypothesis. Therefore, H1 is not supported. The important implications of this
result are discussed in detail in the discussion section.

o Workers (n = 419) Hobbyists (n = 612) t-value
M SD M SD

PERMA

Positive emotion 0.85 6.27 1.84 6.20 172 0.61
Engagement 0.79 6.47 1.69 6.45 158 0.14
Relationship 0.81 6.02 1.96 6.05 172 0.26
Meaning 0.87 6.04 198 6.03 171 0.06
Accomplishment 0.84 6.42 173 6.28 1.63 1.29

Table 6.

PERMA of the knowledge-sharing participants.

Workers (n = 419) Hobbyists (n = 612) t-value
M SD M SD

Intrinsic playful 4.96 1.50 4.87 153 0.95

Curiosity 4.78 147 4.66 143 131

Altruism 5.04 1.50 4.83 142 216 *
Make friends 4.57 1.50 4.51 146 0.59
Self-efficacy 4.87 144 4.75 140 132
Information seeking 4.63 145 4.54 145 1.05

Skill development 4.98 146 4.82 146 172
Recognition 4.63 142 4.48 137 170

Needed 4.75 1.50 4.64 141 115

Reward 5.08 157 4.27 1.55 8.19 o

*p <.05 p <.001.

Table7.
Motivations of the knowledge-sharing participants.
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3.5 Motivations influencing well-being

The findings indicate that the level of well-being of knowledge-sharing participants
is significantly higher than that of nonparticipants, and there is no significant dif-
ference in the level of well-being whether knowledge sharing is positioned as a
secondary job or hobby, volunteer activity, and so on. In addition, there are no other
significant differences in the motivation to participate in knowledge sharing between
workers and hobbyists, except for rewards and altruism.

Which motivations for participation in knowledge sharing will influence the
level of well-being? Ultimately, multiple regression analysis was conducted with
each element of PERMA as the dependent variable and motivation to participate in
knowledge sharing and the control variables as independent variables. The results
showed that altruism significantly influenced all the PERMA elements; intrinsic play-
ful significantly influenced the four elements except accomplishment; Information
seeking significantly influenced positive emotion and accomplishment; and curiosity
significantly influenced engagement (Table 8). The motivational items demonstrated
by Fiiller [21] are ordered from intrinsic to extrinsic. The four items that were signifi-
cant in this analysis are concentrated in the first half of the motivational items. These
results suggest that intrinsic motivations influence well-being.

4. Discussion
4.1 Findings

This study aimed to explore the utilization of untapped individual knowledge,
such as user innovation, by investigating the mechanism of knowledge sharing as
a solution. Specifically, the study examined the differences in motivation and well-
being between two groups: “workers” and “hobbyists.” The study yielded significant
findings, which are summarized as follows:

Contrary to hypothesis H1, the “altruism” motivation was significantly higher in
the worker group (whose main objective should be rewards), than in the hobbyist
group, including those who engage in knowledge sharing as volunteer work. This
finding suggests that factors such as a stronger sense of responsibility or mission, or
arecognition of the value of one’s own knowledge and experience as a result of the
rewards. Notably, rewards serve as an objective evaluation of the value of personal
knowledge, in addition to their monetary value.

Hypothesis H2 was supported, as no significant differences were found in any of
the PERMA elements related to the level of well-being between workers and hob-
byists. This study extends the findings of Aoki [33], indicating that participation in
knowledge sharing enhances the well-being of participants across all five PERMA
elements, even when the primary motivation is monetary compensation.

Furthermore, an additional analysis of the relationship between participants’
motivation and PERMA revealed that knowledge-sharing participants enhance their
well-being by contributing to others while simultaneously acquiring valuable informa-
tion and satisfying their intellectual curiosity, in addition to personal enjoyment. This
result aligns with and quantitatively verifies Aoki’s [41] finding that knowledge-sharing
participants experience increased well-being when they find meaning in deepening
their own knowledge and passing it on to others, including future generations.
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In summary, this study demonstrates that individuals can enhance their well-being
by utilizing their knowledge and experience to support others, regardless of whether
itis for income, hobbies, or enjoyment.

4.2 Implications

This study makes several contributions to the existing research on user innovation.
First, while user innovation has been recognized as a means to enhance overall social
welfare [19, 20], the lack of appropriate incentives has hindered its widespread
implementation [17, 18]. Although public support has been suggested as a solution
[1], this study highlights the effectiveness of C-to-C knowledge sharing as an alterna-
tive solution. Individual ideas often possess niche appeal to specific target audiences,
and in the initial stages, C-to-C knowledge sharing, which directly matches supply
and demand, can prove more effective. Therefore, this study not only demonstrates a
pathway for the application of user innovation to enhance social welfare but also iden-
tifies the nonmonetary value perceived by user-innovators. While prior research has
suggested enjoyment, learning, and interaction with others as important motivations
[21-24], this study provides quantitative evidence using the PERMA scale.

Note that the additional analysis in this study identifies a significant relationship
between certain motivational factors and the elements of PERMA, but it does not
reveal the pathway. Further research is needed.

In the context of knowledge sharing research, this study diverges from previous
studies that have primarily focused on knowledge sharing between firms and con-
sumers, instead emphasizing C-to-C knowledge sharing. While prior research has
highlighted extrinsic motivation and incentives as driving factors [4-6], this study
suggests intrinsic motivation among participants. However, further investigation is
required to determine if the effects observed in C-to-C knowledge sharing can be
applied to knowledge sharing between firms and consumers.

The COVID-19 pandemic has significantly impacted people’s well-being [46-48]
and altered their work patterns. From a practical perspective, this study suggests that
knowledge sharing can serve as a secondary job, allowing individuals to contribute to
others while earning income. With the rise of remote work and the gig economy, many
employees face restrictions on engaging in secondary business activities. Concerns
about interference with company operations, intellectual property leakage, and trust
issues exist. However, considering the improvement of employee well-being, it is crucial
for companies to be open to leveraging their employees’ individual knowledge.

The pandemic has also damaged the sharing economy [49, 50], which has been
growing at an accelerated pace. Movement restrictions, logistics challenges, and
the need for social distancing have contributed to this decline. Knowledge sharing,
by contrast, has been minimally affected by these factors, with increased interest
observed in freelance work during lockdown periods [50].

Finally, the study discusses the results from a sustainability perspective. It emphasizes
that acquiring knowledge alone does not bring fulfillment; rather, the true value lies in
the application and utilization of knowledge. Using knowledge for the benefit of others,
whether through paid or unpaid means, not only deepens one’s own knowledge but also
enhances well-being. This study established a sustainable flow of knowledge acquisition
and utilization within individuals, applicable at any stage in life, including work, leaves
of absence, and retirement. The accumulated knowledge within individuals is truly
diverse. The study concludes with the hope that it will facilitate the transfer of individu-
als’ knowledge to society, fostering greater diversity in sustainable knowledge resources.
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Nomenclature
Innovation value creation for problem-solving
User innovation innovation by users involving general individuals

Knowledge sharing  providing knowledge and experience from those who own it to

those who need it

Well-being being in good health both mentally and physically
Appendix
Label Question Response Anchors
Al How many times do you feel you are making progress toward 0 = never, 10 = always

accomplishing your goals?

El How often do you become absorbed in what you are doing?
P1 In general, how often do you feel joyful?
N1 In general, how often do you feel anxious?
A2 How often do you achieve the important goals you have set for

yourself?
H1 In general, how is your health? 0 = terrible, 10 = excellent
M1 In general, to what extent do you lead a purposeful and meaningful 0 = notatall,

life? 10 = completely
R1 To what extent do you receive help and support from others when

you need it?
M2 In general, to what extent do you feel that what you do in your life is valuable and worthwhile?
E2 In general, to what extent do you feel excited and interested in

things?
Lon How lonely do you feel in your daily life?
H2 How satisfied are you with your current physical health? 0 = notatall,

10 = completely

P2 In general, how often do you feel positive? 0 = never, 10 = always
N2 In general, how often do you feel angry?
A3 How often are you able to handle your responsibilities?
N3 In general, how often do you feel sad?
E3 How often do you lose track of time while doing something you

enjoy?
H3 Compared to others of your same age and sex, how is your health? 0 = terrible, 10 = excellent
R2 To what extent do you feel loved? 0 = notatall,

10 = completely
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Label Question Response Anchors
M3 To what extent do you generally feel you have a sense of direction
in your life?
R3 How satisfied are you with your personal relationships?
P3 In general, to what extent do you feel contented?
Hap Taking all things together, how happy would you say you are? 0 = notatall,

10 = completely

Note. Of the 23 questions in this study, 15 were used in the analysis.

Table A1.
23-item PERMA profiler measure [40].
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Chapter 4

A Scrutiny of the Role of
Knowledge Management in
Employees’ Organizational
Culture, Motivation, and Success

Seyyed Mohammad Kashef

Abstract

Advances in information technology have swayed all of the aspects of human
life in contemporary societies. Organizations constitute one of the major groups of
the social entities, which have been influenced by technological developments. As a
result, they have made an endeavor to acclimatize themselves to the above-mentioned
advances in order to survive and to protect their competitive advantages. Among the
technology-induced measures which have been taken by the organizations, strategic
thinking has attracted considerable attention. This approach to manager empower-
ment focuses on the organization managers’ ability to integrate their creativity into
their intuition in order to manage their organizations strategically. Nonetheless, the
formulation and implementation of strategies depends on the managers’ ability to
manage the knowledge of their organization. Consequently, the concept of knowl-
edge management has been developed and has been characterized as the pivotal
asset of the modern organizations. Considering the significant role of knowledge
management in the amelioration of organizational performance, this chapter makes
an attempt to expound on the relationship between knowledge management and
employees’ organizational culture, motivation, and success.

Keywords: employee motivation, knowledge management, organizational
performance, strategic thinking, technological advancements

1. Introduction

At the present time, all of the modern and urbanized societies are making an
endeavor to acclimatize themselves to the advancements in the field of information
technology. Among the various entities of the societies, organizations are considered
to be the entities that have been extensively affected by the above-mentioned techno-
logical advances [1]. In general, organizations constitute the unified groups of people
who make an attempt to achieve a specific set of predetermined objectives including
the business-oriented objectives [2].
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A close examination of the behavior of various organizations in the past decades
highlights the fact that they have strived to take advantage of the most efficient
technology-based management methods and techniques for ensuring their survival,
dealing with the market-oriented challenges, and gaining competitive advantage [2].
The perusal of these methods shows that, most of them have focused on the stake-
holders’ (e.g., managers and employees) insight into the factors in the success of the
organizations [3]. More specifically, the organizations have given priority to their
managers and staff members’ proper understanding of the determining factors in
the survival and success of their developed and implemented plans [2]. Accordingly,
they have informed these stakeholders about strategic thinking as one of the most
efficacious techniques of organizational management in the era of information
technology [3].

The concept of strategic thinking has been characterized in different ways.
Mintzberg [2] provided a practical definition of this concept and argued that this
kind of thinking refers to the process of integrating intuition into creativity for
developing a unified and thorough understanding of the pertinent business. Likewise,
Kashef et al. [4] noted that strategic thinking comprises the managers’ capability to
predict the future on the basis of their background information and the dynamics of
the environment and to formulate and implement efficient strategies for ensuring
the survival and success of their organization in the market over the course of time.
Accordingly, Kashef et al. [4] noted that strategic thinking has to be considered as the
essential and functional prerequisite to strategic management.

Similar to the concept of strategic thinking, the construct of strategic management
has been delineated in various ways. Rigby and Bilodeau [1] averred that strategic
management encompasses the ongoing process of formulating plans, monitoring
the implementation of the developed plans, and evaluating the effectiveness of the
plans for ensuring the success of the organization. As they explained, in general, the
organizations in different parts of the world have made an attempt to take advantage
of the techniques of strategic management due mainly to their privatization and
their intention to join the World Trade Organization. Likewise, Kashef et al. [4]
pointed out that the above-mentioned reasons have prompted Iranian organizations
to focus on the concept of strategic management in recent years. According to them,
the organizations in Iran have realized that their access to organizational knowledge
constitutes the essential prerequisite to effective strategic management.

The significant role of organizational knowledge in strategic management has
been emphasized in the relevant studies in recent years (e.g., [5-11]). Kalseth [12]
noted that managers need to have access to useful and up-to-date organizational
knowledge in order to be able to develop a thorough understanding of their own
responsibilities and to make and implement important and major decisions in an
effective way. Considering this issue, he stated that the organizations have to consider
knowledge management as the most integral aspect of their strategic management and
have to apprise their managers of its critical role in the process of decision making.

A number of researchers (e.g., [13-17]) have made an endeavor to provide a clear
and precise definition of the concept of knowledge management. Among these defi-
nitions, Kalseth’s [12] definition has proved to be a practical definition and has been
used as a guide in the relevant studies. Kalseth [12] defined knowledge management
as the endeavor of the organizations to take part in the continuous and uninterrupted
process of gaining/creating, managing, sharing, and using collective knowledge in
order to ameliorate the process of their decision making and to ensure their success in
the competitive market.
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Badriazarin et al. [18] pointed out that knowledge management has become one
of the most essential aspects of strategic management in various organizations across
the word due mainly to the fact that it enables them to maintain their long-term
supremacy over their competitors in the market. As they explained, the organiza-
tions have changed their attitudes toward their main assets and have realized that
state-of-the-art organizational knowledge and its efficient management constitute
their invaluable assets. Likewise, Roos et al. [19] underscored the significant role of
knowledge management as a type of intangible asset. As they explained, tangible
assets constitute the physical and financial possessions of the organizations. On the
other hand, intangible assets comprise the possessions that do not have a physical
form. As a result, they may encompass the skills and knowledge of the staff members
which are likely to increase the value of the organization in the future. Roos et al.

[19] noted that knowledge management has proved to be one of the most important
intangible assets of the organizations that have a noticeable impact on their ability
to ensure their survival and to maintain their competitive advantage over the other
organizations in the market.

Considering the above-mentioned discussions of knowledge management and
its importance to the organizations in the era of information technology, the follow-
ing section of this chapter expounds on the role of knowledge management in the
employees’ organizational culture, motivation, and success.

2. Knowledge management in organizations
2.1 The role of knowledge management in employees’ organizational culture

An examination of the pertinent literature (e.g., [20]) highlights the fact that
organizational culture has been defined in various ways. Schein [21] provided a prac-
tical definition of this concept. As he explained organizational culture encompasses
a set of reasonable and valid assumptions that are made by the human resources of
the organizations including their managers and employees based on their experiences
and the challenges that are posed by the problems inside and outside the relevant
organizations.

Likewise, Ravasi and Schultz [22] pointed out that, organizational culture encom-
passes the organization-related assumptions, which have a major influence on the
behavior of the staff members in the organizations. According to them, these assump-
tions are considered to be the underlying principles of behavior in the organization.
Consequently, the new members of the organization are provided with organiza-
tional-culture-based education in order to be able to adhere to the above-mentioned
principles in a satisfactory way. As they concluded, the organizational culture of an
organization determines the interaction patterns between its stakeholders and the
degree to which the employees identify with it over the course of time.

Riches [23] argued that knowledge management has a profound impact on the
employees’ organizational culture. As he explained, providing the employees with
adequate information on knowledge management is likely to make them cognizant
of the significant role of group cohesiveness and may promote interaction among the
diverse departments of the organizations. Moreover, this kind of information can
remind the employees of the necessity of consistency in the performance of their tasks
and can result in the enforcement of strong discipline in the organizations. Likewise,
Bhatt [24] pointed out that the employees’ understanding of knowledge management
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procedures has a beneficial impact on the establishment of their high standards of
behavior and is likely to improve the efficiency of their pertinent organizations.
Lastly, Herder et al. [25] noted that the employees’ thorough understanding of the
dynamics of knowledge management in their organization encourages their innova-
tion and prompts them to formulate and implement innovative plans that are closely
aligned with the underlying principles of professional behavior in their relevant
organization. As they concluded, apprising the employees of the central tenets of
knowledge management is likely to have a profound impact on their motivation in
their pertinent settings.

2.2 The role of knowledge management in employees’ motivation

In humanities, researchers have always been concerned with the motivation of
individuals in various contexts including the occupational contexts. Radel et al. [26]
defined motivation as the reason behind the individuals’ initiation, continuation, and
termination of various behaviors at specific points in time. As they explained, motiva-
tion can be explained in terms of specific states that range from the strongest to the
weakest states. As they concluded, the stronger states are likely to affect the individu-
als’ behaviors in a more noticeable way.

Likewise, Ryan and Deci [27] pointed out that motivation constitutes the reason
for the individuals’ engagement in objective-oriented behaviors in the course of their
life. They distinguished intrinsic motivation from extrinsic motivation on the basis of
their nature. More specifically, as they pointed out, intrinsic motivation depends on
the individuals’ internal factors and determines the degree to which a certain individ-
ual enjoys the performance of his/her relevant tasks and derives personal satisfaction
from them. On the other hand, extrinsic motivation depends on the external factors
and specifies the extent to which the individuals engage in various types of activities
for gaining external advantages including rewards among others. According to them,
extrinsic motivation may have a positive impact on the individuals’ task performance
in occupational contexts. Nonetheless, it may result in their burnout over the course
of time. As they concluded, the individuals’ intrinsic motivation is likely to have
long-lasting beneficial impacts on their occupational performance in their pertinent
settings.

Lastly, Wasserman and Wasserman [28] pointed out that the individuals’ motiva-
tion may have instrumental or integrative orientations. As they explained, instrumental
motivation encompasses the motivational orientation that prompts the individuals to
perform their tasks in order to achieve their objectives. On the other hand, they noted
that integrative motivation refers to the motivational orientation that encourages
individuals to perform their tasks in order to be able to identify with their relevant
organization. They concluded that integrative orientation has proved to be more
beneficial for improving the employees’ performance in their settings in comparison
with the instrumental orientation.

Regarding the impact of knowledge management on employees’ motivation,
Rizwan et al. [20] pointed out that the employees’ ability to strategically manage
their organizational knowledge is likely to increase their intrinsic motivation in their
relevant organization. As they noted, this issue stems from the fact that knowledge
management gives the employees a deep sense of fulfillment and enhances their task-
performance enjoyment. Likewise, Ekmekgi [29] noted that providing the employees
with information on the knowledge management process makes them cognizant of
the fact that their behavior and decisions are considered to be determining factors
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in the success of their organization. As he pointed out, this type of understanding
enables the employees to take satisfaction from the performance of their tasks and
improves their intrinsic motivation.

In addition, the employees’ knowledge management capabilities are likely to exert
a profound impact on their motivational orientation in their relevant organization
[30]. Rotenberry and Moberg [31] pointed out that involving the employees in the
knowledge management procedure makes them aware of their consequential role in
the survival and success of their organization and empowers them to realize the sig-
nificant role of their organization in the society. As they explained, this issue prompts
the employees to identify with their organization in a stronger way and to support
its principles and policies. They concluded that, the employees’ integration into the
process of knowledge management is likely to influence their success in their settings
in a noticeable way.

2.3 The role of knowledge management in employees’ success

The concept of knowledge management has been introduced to the field of
management in order to positively influence the performance of the staff members in
different organizations [4, 32, 33]. Considering this objective, a number of research-
ers (e.g., [34]) have focused on the role of knowledge management in the employees’
success in the context of their organization. DeVitis and Rich [35] defined success as
the condition in which an individual is able to satisfy his/her own or the other individ-
uals’ expectations in an acceptable way. As they explained, the individuals’ success is
assessed based on contextual criteria. Consequently, success is likely to be defined in
various ways on the basis of the pertinent requirements in different contexts includ-
ing the occupational contexts.

Mostafapour et al. [36] argued that knowledge management is one of the factors
that may exert influence on the employees’ use of technological advancements in their
organizations. As they explained, the employees’ knowledge about these advance-
ments and their ability to use them in the process of task performance are likely to
have a beneficial impact on their success in their occupational settings. Likewise,
Rizwan et al. [20] noted that the engagement of the employees in the process of
knowledge management encourages them to take advantage of various sources of
information in order to gain knowledge about the dynamics of their organization and
prompts them to use different types of technological advancements including vari-
ous software in order to participate in the above-mentioned process in an effective
way. As they concluded, these measures are likely to enable the employees to develop
practical and technical skills which may have an advantageous impact on their success
in the context of their organizations.

3. Conclusion

This chapter made an effort to expound on the role of knowledge management in
the employees’ organizational culture, motivation, and success. It was noted that, at
the present time, strategic thinking and strategic management constitute invaluable
organizational assets and are likely to increase the value of organizations over the
course of time. Moreover, it was pointed out that knowledge management is the most
central aspect of strategic management and involves the process of gaining/creating,
managing, sharing, and using collective knowledge in order to ameliorate the process
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of decision-making in an organization and to ensure its success. It was concluded
that, involving the employees in the process of knowledge management is likely to
have a beneficial impact on their organizational culture, motivation, and success in
their relevant organizations.

Nomenclature list

information technology
instrumental orientation
integrative orientation
knowledge management
motivation

strategic management
strategic thinking
success

organization
organizational culture

Author details

Seyyed Mohammad Kashef

Faculty of Sport Sciences, Department of Motor Behavior and Sport Management,
Urmia University, Urmia, Iran

*Address all correspondence to: mm.kashef@yahoo.com

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

62



A Scrutiny of the Role of Knowledge Management in Employees’ Organizational Culture...

DOI: http://dx.doi.org/10.5772/intechopen.1002306

References

[1] Rigby D, Bilodeau B. Bain’s global 2007
management tools and trends survey.
Strategy &Leadership. 2007;35(5):9-16

[2] Mintzberg H. The Rise and Fall of
Strategic Planning. London: Prentice Hall
International; 1994

[3] Mirakhoori A. Developing a
Strategic Thinking Model Based on the
Islamic-Iranian Pattern: Case Study of
the Education Directorate of Tehran
Province (Master's Thesis). Tehran, Iran:
Payame Noor University; 2013

[4] Kashef SM, Ahmadi M, Kashkuli FE.
The relationships between strategic
thinking, knowledge management and
intellectual capital in the Office of Youth
and Sports of the selected provinces of
Iran. Sport Science. 2018;11:78-84

[5] Adam S, Fuzi NM, Ramdan MR,

Mat Isa R, Ismail AF, Hashim MY.
Entrepreneurial orientation and
organizational performance of online
business in Malaysia: The mediating role
of the knowledge management process.
Sustainability. 2022;14(9):508-521

[6] Ahbabi A, Ali S, Singh SK,
Balasubramanian S, Gaur SS. Employee
perception of impact of knowledge
management processes on public sector
performance. Journal of Knowledge
Management. 2019;23(2):351-373

[71 Ammirato S, Linzalone R,

Felicetti AM. Knowledge management in
pandemics: A critical literature review.
Knowledge Management Research &
Practice. 2021;19(4):415-426

[8] Granados ML, Mohamed S, Hlupic V.
Knowledge management activities in
social enterprises: Lessons for small and

non-profit firms. Journal of Knowledge
Management. 2017;21(2):376-396

63

[9] Tomé E, Figueiredo P. Knowledge
management and politics at the

highest level: An exploratory analysis.
Management Dynamics in the
Knowledge Economy. 2015;3(2):193-212

[10] Tomé E, Gromova E. Development
of emergent knowledge strategies

and new dynamic capabilities for
business education in a time of crisis.
Sustainability. 2020;13:45-68

[11] Zargar. The Impact of Intellectual
and Social Capital and its Role on
Organizational Effectiveness in Iranian
Sports Organizations (Doctoral
dissertation. Tehran, Iran: Islamic Azad
University; 2012

[12] Kalseth K. Knowledge management
from a business strategy perspective.
Journal of FID Review. 1999;1:37-41

[13] Adali F. Knowledge Management:
Movement beyond Knowledge. Tehran:
Andisheh Metacognition Publication;
2005

[14] Ayatollahi H, Zeraatkar K. Factors
influencing the success of knowledge
management process in health care
organizations: A literature review.
Health Information & Libraries Journal.
2020;37(2):98-117

[15] Benabdellah AC, Zekhnini K,
Cherrafi A, Garza-Reyes JA, Kumar A.
Design for the environment: An
ontology-based knowledge management
model for green product development.

Business Strategy and the Environment.
2021;30(8):4037-4053

[16] ChenY, Luo H, ChenJ, GuoY.
Building data-driven dynamic
capabilities to arrest knowledge hiding:
A knowledge management perspective.



From Theory of Knowledge Management to Practice

Journal of Business Research.
2022;139:1138-1154

[17] Haider SA, Zubair M, Tehseen S,

Igbal S, Sohail M. How does ambidextrous
leadership promote innovation in project-
based construction companies? Through
mediating role of knowledge-sharing

and moderating role of innovativeness.

European Journal of Innovation
Management. 2023;26(1):99-118

(18] Badriazarin Y, Seyedameri M,
Imanpoor A. Regression analysis of
the relationship between knowledge
management components and

human resource performance. Sport
Management Journal. 2013;4(15):35-50

[19] Roos ], Roos G, Dragonetti NC,
Edvinsson L. Intellectual Capital:
Navigating in the New Business
Landscape. London: Macmillan Business;

1997

[20] Rizwan M, Khan DJ, Saboor F.
Relationship of job involvement with
employee performance: Moderating role

of attitude. European Journal of Business
and Management. 2011;3(8):77-86

[21] Schein EH. Organizational
culture. American Psychologist.
1990;45(2):109-119

[22] Ravasi D, Schultz M. Responding to
organizational identity threats: Exploring
the role of organizational culture.
Academy of Management Journal.
2006;49(3):433-458

[23] Riches P. Organizational coherence
and knowledge management. KM Review
Briefing. 2004;7(4):10-22

[24] Bhatt GD. Knowledge management in
organizations: Examining the interaction
between technologies, techniques

and people. Journal of Knowledge
Management. 2001;5(1):68-75

64

[25] Herder PM, Veeneman WW,
Buitenhuis MDJ, Schaller A. Follow the
rainbow: A knowledge management
framework for new product introduction.

Journal of Knowledge Management.
2003;7(3):105-115

[26] Radel R, Pjevac D, Davranche K,
d’Arripe-Longueville F, Colson SS,
Lapole T, et al. Does intrinsic motivation
enhance motor cortex excitability?
Psychophysiology. 2016;53(11):1732-1738

[27]1 Ryan RM, Deci EL. Self-determination
theory and the facilitation of intrinsic
motivation, social development, and
well-being. The American Psychologist.
2000;55(1):68-78

[28] Wasserman T, Wasserman L.
Motivation, Effort, and the Neural
Network Model. Berlin: Springer; 2020

[29] Ekmekg¢i AK. A study on involvement
and commitment of employees in Turkey.
Journal of Public Administration and
Policy Research. 2011;3(3):68-73

[30] Brown SP, Leigh TW. A new

look at psychological climate and its
relationship to job involvement, effort,
and performance. Journal of Applied
Psychology. 1996;81(4):358

[31] Rotenberry PF, Moberg PJ. Assessing
the impact of job involvement on
performance. Management Research
News. 2007;30(3):203-215

[32] Dehghanpouri R, Kashef SM,
Khodadadi MR. Designing the maturity
model of knowledge management based
on business strategies in Iran’s sport.
Applied Research in Sport Management.
2020;9(1):25-48

[33] Shafiepour F, Yarmohammadian MH.
The organizational climate, job
involvement and organizational trust
with knowledge management culture:
Educational systems of Esfahan



A Scrutiny of the Role of Knowledge Management in Employees’ Organizational Culture...

DOI: http://dx.doi.org/10.5772/intechopen.1002306

City (Iran). International Journal
of Knowledge, Culture and Change
Management. 2008;11(5):63-76

[34] Hansen MT, Nohria N,

Tierney T. What's your strategy for
managing knowledge? Harvard Business
Review. 1999;77(2):106-116

[35] DeVitis JL, Rich JM. The Success
Ethic, Education, and the American
Dream. New York: State University of
New York Press; 1996

[36] Mostafapour M, Kashef SM,
Esmaeilpour HM, Akbarzadeh V. The
relationship between knowledge
management and the application

of information technology in the
departments of youth and sport
organization of West Azarbaijan
Province. Journal of Physical Education.
2014;2(1):29-34

65






Chapter 5

Reason and Interdisciplinarity
in Knowledge Management

Steven T. Buccola

Abstract

We take a tour of what a valid and useful knowledge management would look like.
To do so we distinguish between the two major types of organizational knowledge —
human and technological — and show how rationality is to be differently understood
in these two types. Human or personal reason is distinguished by a nonseparability
of its concepts owing to the intuitive manner in which they are unified in the act of
understanding, so that knowledge is a risky matter of interpretation and judgment.
Technology instead requires a separability of concepts essential for reducing them to
measurement, where they must stand visibly apart. We go on to show the paradoxical
but essential need of these two knowledge types for one another, shown in the duality
between unobservable and observable concepts necessary for judging an organiza-
tion’s value. We find that fact and counterfact, actual and possible, observable and
unobservable are brought together in organizational knowledge.

Keywords: analytical, counterfactual, ends and means, interdisciplinary, intuition,
organization, judgment, risk and uncertainty, technology, separability and
nonseparability, synthetical, value

1. Introduction

By one account, knowledge management is the assessment and control of the data
and know-how of an organization. Especially though, it is a matter of forming and
using the data and knowledge, as only then can they inform both strategy and the
processes of carrying it out.

Abstract definitions like this unfortunately only get us started. Few if any orga-
nizational improvements will be forthcoming from stated principles and purposes,
explaining why our emphasis is usually on case studies, which cut through the
generalities and offer a sense or feeling of what might work

Some insight however is to be had from asking what business knowledge is itself.
What is that we call knowledge? How does knowledge lead to understanding, which
must be knowledge’s final goal? How will we know the best way to build the orga-
nization we are engaged with and how can these ‘best-ways’ be made accessible? To
address these questions I step behind the important administrative and logistical
questions to look in the opposite direction: at the sources of the ideas and concepts by
which knowledge brings the understanding that effective management requires.
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I begin with rationality itself, since in the absence of reason there would be no
determinate solution to any organizational problem whatever, only a procession of ad
hoc rules justifying any idea we came up with. We can envisage three cognitive steps
in knowledge management, a reflection on: (i) rationality and optimality themselves,
(ii) the appropriate optimization and performance procedures, and (iii) their logistics
and administration. Of these I'll concentrate on the first while keeping the second
and third in mind.

2. Reason: fact and counterfact

Our interest is in knowledge management itself. But what is knowledge? This is a
metaphysical as well as epistemological question, bearing on the structure of reality
as well as the structure of how we know reality. So it’s worthwhile reflecting on both
these questions. Something hangs paradoxical over the topic of knowledge man-
agement, at least when the knowledge is technical. For the question of managing
something is simultaneous with, co-determined by, the question of how we value it.
And technical knowledge is at a disadvantage when raising or answering questions
of value.

2.1 Technology does not assess value, even its own

The difficulty is that value judgments can never be a matter of measurement; and
it is with measurement that technology principally occupies itself. Reflections on
measures and so on value are a matter of judgment. And judgment is a form of reason
that transcends — though at the same time includes — any observability or measurability.
Some aspects of the task before us therefore, insofar as we are forming judgments
about technology management, will not themselves be technological. We must be
economists, legal scholars, psychologists, or sociologists as well, and in some respect
philosophers. Each in its way is a concern for the possibility of knowledge. As Martin
Heidegger [1] put it, philosophy has for the past several centuries consisted mostly
of “reflection on knowledge itself and its possibility.” (297) And because, one way or
another, the work of the philosopher is to reflect on essences, Heidegger paradoxically
cautions us that “the essence of technology is by no means anything technological.” [2].

A prime question in modern knowledge management, both in theory and practice,
is the issue of the boundaries between knowledge fields. It is not just a matter of where
aboundary lies but more fundamentally in what any boundary would consist. Can,
should, and if so how and when might two knowledge disciplines be drawn together,
or at least brought into conversation? These are relatively easy questions to answer in
fields sharing a common epistemological attitude, where the standards for ‘how can
I claim that such-and-such is true’ are the same. It is more problematic when their
epistemologies or meanings differ, and even more so when their metaphysics do.

A crucial issue and theme of this essay will be the significance to knowledge man-
agement of cognitive nonseparability, which arises when one concept, assumption, or
finding cannot be made sense of without considering others. Nonseparability is often
indicated in multivariate equations when some interaction terms cannot be factored out
of the remaining ones. As we will see, separability is a signal property of technological
inquiry, and nonseparability a property found in the specifically human disciplines like
economics. Indeed, separability virtually defines technical know-how, as nonseparabil-
ity does human know-how. Yet the two fields cannot do without each other.
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2.2 Technology is judgment-challenged, economics is observation-challenged

To the extent human understanding involves nonseparable concepts, rationality
is something we can only dwell on rather than measure, since to measure is to stand
outside of, be separate from, the object measured. And as psychologist J. H. Van den
Berg [3] asked, “who could draw the line between the ‘objective’ and the ‘human’
world?” (99).

The object is; this means that the object in its abstraction is immediately and continu-
ally transcended into a whole of (human) interpretations, a whole which, eventually,
always encompasses the entire world.” (98).

Those entire worlds are what confront us, or invite us, in every choice we make. It
is what Van Dusen [4] calls being-in-the-world, (37) or as Medard Boss [5] puts it, “a
world-unfolding and world-opening being.” (85) A person is not then an ‘individual’
at all if by that is meant dissociable for inspection, which, Boss says, could “only be
maintained on the basis of abstract intellectual constructions.” (88).

For economics too, it is this same inner intuition, your sense of yourself-in-a-
world, that is the basis of your empirical judgments. This is so not only in econom-
ics. An intuition or sense, originating in an inner subjectivity and awareness of one’s
self in a given situation, is the center of any rationality. This claim can neither be
analytically proved nor empirically depicted. The reverse is so: it is the awareness of
yourself and situation, projected onto your possible future, that offers the under-
standability of what you are reasoning and observing. That is nonseparability in a
nutshell.

There is however a literal, empirical, and so entirely separable side to organiza-
tional thought — technology. As such, technology brings an important qualifier and
co-interpreter of economic reason. Every human thought and decision is accom-
panied with and influenced by, for instance, emotive affects. Empirical, technical
psychology is the study of these affects, as chemistry is of the environment and
bioengineering is of gene splicing. Together they constitute part of the setting in
which organizational analysis is conducted, the foundations of the supplementary
theories necessary for business inference.

Economic models — directed to persons in the immediacy of their sense of a
situation — therefore must buttress themselves with controlling factors from these
technical disciplines. Immanuel Kant [6], who first clarified this problem in terms
amodern ear can appreciate, wrote: “The sensible faculty of intuition is really only
areceptivity for being affected in a certain way with representations.” (A494, B522)
One can go on and form judgments from these representations. But judgments are
so closely connected to the initiating intuition that the reverse is also true: Kant says,
“the same function that gives unity to the different representations in a judgment also
gives unity to the mere synthesis of different representations in an intuition ... [and its
corresponding] analytical unity.” (153) The prime implication of these words, and of
the individuality or singularity of the person who forms the judgment, is that vague
abstractions are finally to be ruled out.

It is you who judge. The ‘I think’, says Kant, “and which is the foundation of one’s
conceptualizing, must be able to accompany all my representations.” Thus, “intuition
has a necessary relation to the ‘T think’ in the same subject in which this manifold is
to be encountered.” (B131-132) (163) Sense and concept go hand in hand and itisina
person that they do. These are nonseparable and why technology alone is never finally
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adequate to knowledge management, just as abstract ideas and groupings aren’t either.
This is not to say that empirics and generalizations cannot be stressed in particular
studies. They will be and must be.

2.3 Economic reason unites observables with unobservables

All this was well understood by the late 19th century expositors of modern
economics. Leon Walras [7] for instance expressed nonseparability in the economic
notion of rarete, a sense of a thing’s scarcity, which remains the center of microeco-
nomic theory. Scarcity combines, nonseparably, what we might otherwise think to be
the most separable of all: the desirability of a good versus its availability. These two are
never separable in a human decision, influencing one another instead. Each therefore
has immediate implications for the other, so you can observe neither desirability nor
availability on its own. There are no data on them as such because neither is an ‘it’ that
can be isolated. Yet the greater your sense of scarcity the more you are willing to pay
for it:

Scarcity = Price (1)

By way of the marketplace on the other hand, prices are observable and measur-
able. Consequently the quantities of this good are observable and measurable too, for
how could a per-unit price be observed if the quantities received for it were not? We
also then have the relation:

Quantity = Scarcity ()

insofar as the greater the quantity on the market, the less its scarcity. Finally we
combine the two to form:

Quantity = Scarcity = Price 3)

and simultaneously

Price = Scarcity = Quantity. 4)

Now note something fundamental in Walras’ reasoning: what is unobservable
here, the scarcity, is what is giving meaning to what is observable — the prices and
quantities. In return it is these two observables that point to, and so help outline and
reinforce, the sense of the unobservable: the scarcity. They are essential to each other.
At the heart of both is what we would call an openness or receptivity to the decision
maker’s situation or ‘world), the future into which she is always stepping.

The synthetic a priori reasoning Kant helped us recognize in ourselves is the form
of reasoning we have outlined here and that Kant calls judgment. In it, our immedi-
ate sensible intuition of a manifold is formally (pre-empirically) combined into
a single representation so as to render it conceptual and therefore articulable and
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interpretable. Such judgments are never dogmatic. They are a priori only, so must
now be synthesized or tested in the presence of observable, empirical data. Scarcity
— part of Kant’s category of Limitation or finitude and in turn an element of what

he calls Quality - is one such purely formal concept that provides the foundation of
empirical work (B106). Because entirely formal, it is unobservable. But as represent-
ing a manifold of possibility, it is that by which we grasp and understand the prices
and quantities that we observe and measure.

It is in this spirit that James Buchanan [8] shows in the theory of cost a tentative
distinction between ‘subjectivity’, which is a matter of sense, and ‘objectivity’ a matter
of concept. In the former, and what Buchanan calls the logic of choice, (45) “cost
cannot be measured by someone other than the decision maker because there is no
way that subjective experience can be directly observed.” “Cost [therefore] must be
reckoned in a utility dimension.” (41) In what Buchanan calls the logic of prediction
on the other hand, (40) where objectivity and so measurability are essential, we have
“the familiar textbook diagrams, the objectively identifiable magnitude that is mini-
mized.” And as we saw in Walras, “this market value is reflected in the market prices
for resource units.”(40) * The unobservable then is being joined to the observable.

The highly specific nature of this conjunction of heterogeneous elements calls for
metaphorical language. Buchanan says, “properly interpreted, [cost] theory’s claim is
limited to making predictions on the ‘as if” assumption that men do so behave in some
average or representative sense.” (38) Metaphor is the only way, he concludes, that
the objective and subjective elements of a theory can be integrated. In cost theory, the
objective is only ‘standing in for’ the subjective. The business analyst is only ‘standing
in for’ the customer, the stockholder, the banker, the CEO, or the Board who make the
final decisions.”

Buchanan and I are employing synthetic a priori reasoning here ourselves, as
opposed to the merely analytical or merely synthetical (empirical) one. As Lanier
Anderson [10] writes in regard to Kantian epistemology in general, an implication
is that,

the distinction between analytic and synthetic judgments is fixed independently from
our strategies for forming concepts.... (32).

The distinction between the analytic and synthetic, in how each stands toward
or interrelates with the other, is already there in the structure of human reason so
cannot be rearranged to suit the reasonings of an arbitrarily identified discipline or
school. As Patricia Kitcher [11] discusses also from a Kantian standpoint, we cannot
choose to take the analytical side over the empirical side, say, of some question simply
by a nudge from the other. We cannot derive an analytical theory from a synthetical
finding, or a synthetic theory from an analytical finding. They come together instead
in every personal judgment.

2.4 The nature of counterfactual (interpretive) reason

Frank Knight [12] had, in more an economist’s or statistician’s than a philosopher’s
language, said as much in connection with the phenomenon of risk. “We have insisted

! Buchanan takes the word ‘objective’ to be synonymous with observable or ‘real’
% A valuable discussion of the use of metaphor appropriate to organization environments is in Richard
Moran [9].
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that there is a fundamental difference between ‘a priori’ probability on the one hand
and statistical” probability on the other. In the former the chances of something
happening “can be computed on general principles, while in the latter they can be
determined only empirically [synthetically]” (130) * This distinction of course bears
on the ability to construct, and on the purpose for constructing, a counterfactual and
so of the model that generates it.

Knight writes, “we must infer” by way of a model “what the future situation would
have been without our interference, and what change will be wrought in it by our
action.” (118) Keep in mind we aren’t speaking of just formal modeling here. Every
time you stop and think about a specific organizational situation, you are construct-
ing a model of it, where possibilities predominate over actualities. In sum:

To model something is to generate counterfactuals (possibilities).
To be a counterfactual is to be estimated in a model.

J-C Spender [16] adopts this same view in his assessment of what he calls orga-
nizational capital. In an extensive and careful critique of proposals to depict and
measure the features of an organization — of say a capital asset — Spender concludes
that none stand up to inspection. Indeed he remains a skeptic of any claim to
capture these phenomena in mere concepts. Our references to reality must then be
indirect, by way of pointing. There is no ‘thing’ out there that is ‘an’ asset, as it is too
entwined with neighboring ones. Spender says, of human assets in particular: “From
the theory side, one difficulty is the idea that either human or social capital can be
conceived, measured or theorized independently of the other” (8-9) For, “employ-
ees are constantly educating each other and increasing each other’s human capital in
ways that make it difficult to distinguish the consumption” side of knowledge from
the production side of it (6).

The underlying message is that, as in other human fields, business and economic
concepts are for the most part nonseparable from one another. Pervasive nonsepa-
rability is acknowledged in ordinary qualifiers like ‘sort of } ‘semi}, and ‘partly”
“Elements of the organization’s knowledge and skills are,” Spender writes, “semi-
public goods as far as that particular community is concerned.” (9) Insofar as public,
they cannot be reduced to any single ‘I think’, but achieve their public character when
one person’s ‘I think’ appeals to another persons I think’.

Efforts to escape or obscure such cognitive inseparability are frequent in the
knowledge management literature. But finance, marketing, and employee relations
are never really separate in the way that an assessment of one could simply be added
to the assessments of the others. Considerations of each will require re-referencing
every other in a step-by-step construction, as Westphal [17] demonstrates. Plans to
reorganize a product assembly line, say, will have consequences for a recent bank loan
agreement, in turn affecting a proposed new customer product, and around again to

3 Bruce Caldwell [13] has discussed in this vein the relative merits of an apriorist (analytical) versus an
empiricist critique of economics. He settles on Fritz Machlup’s [14] view that characterizations of ‘ideal
types’ of decision makers, as in Weber [15] and others, “emphasizes that ‘rational economic man’ isa
theoretical construct; that is, it does not refer directly to ‘the real world’.. that no consumers or firms
‘really’ act that way...that empirical studies can never establish nor falsify a theory,” but only to assist with
our judgments. (167)
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the assembly line problem. Joint, nonseparable phenomena of such sort are finally
what matter in business, government, and economic life.*

We will put this even more succinctly. Synthetic a priori reason, in which a person’s
intuitions of a certain setting organize themselves under articulable categories, is
nonseparable from intuitions of still other settings — unified as they are by the very
nature of intuition. And because all such cognition is a matter of possibility, of a
‘would be, it is a matter of a counterfactual, a ‘might be’. In short, counterfactual,
unobservable-but-estimable, and nonseparable imply one another.

3. Interdisciplinarity: economics and technology

In the above light therefore we ask more generally into the possibility of a valid
interdisciplinarity, in which the necessarily mechanical modality of technology
might, together with the a-mechanical reasoning of human personhood, help under-
stand human ends and choices.

3.1 Measurement can be unified with concept
Max Weber [15] draws an incisive distinction here:

The term ‘technology’ applied to an action vefers to the totality of means employed as
opposed to the meaning or end at which the action is, in the last analysis, oriented.
(160) The presence of a ‘technical question’ always means that there is some doubt
over the choice of the most efficient means to an end. The only considerations relevant
are those bearing on the achievement of a particular end .... (161).

Technology for Weber is pure measurable efficiency, the least costly way, in
measurable empirical terms, of attaining an end. Not so in economics:

There is, of course, an analogous principle governing economic action. But...it has

a different meaning (161). Account must be taken of the quality, the certainty, and
the permanence of the vesult....The definition of economic action must be as general
as possible and must bring out the fact that all ‘economic’ processes and objects are
characterized as such entirely by the meaning they have for human action in such roles
as ends, means, obstacles, and by-products. (158-159).

Economics’ distinctive role is to choose the ends, though the means and their
obstacles and byproducts are drawn into them. Ends are chosen for their quality and
reliability, characterized Weber says “entirely by the meaning they have” and where
prudence or judgment play a role.

What however will comprise quality and reliability? We have no sense in Weber
that technology itself will answer this question in any way but an “efficient means”

* Patricia Kitcher [18] emphasizes that the source of these insights is Kant. She writes, “empirical cognition
requires the simultaneous solution of two problems: (i) using the available sensible materials to represent
an object in objective space and time,”; and (ii) “using the apprehension of those sensible materials to
represent the empirical unity of a subject’s consciousness.” (9) Or as Kant says, “the understanding’s pure
synthesis ... lies a priori at the basis of the empirical synthesis.” [6] (B140) Even empirical knowledge then

is largely the internal act of the observer that we term judgment.
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to do something we want done. Furthermore, ‘want done’ is never fully specifiable,
extending itself in an indeterminate variety of directions, depending as it does on
future contingencies. Technology then demands strict observability, declining to
assert ultimate judgment but an element of the judgment’s empirical foundation. For
since it is not in a position to know a specific end for a specific person, technology is
not in a position to project her future either. Only the organization or business is in
the position necessary to appreciate a decision’s ‘by-products’ (opportunity costs) and
in that way its meaning. Only with a human view therefore - together with the accom-
panying data — can one point to the future, to the locus of judgment and purpose.’

Let us look more then at what this agency is that offers itself as a valuable auxiliary,
that promises to supply us with the most efficient way of achieving whatever ends we
have. Importantly, technology is not anything in-itself that you can hold up and liter-
ally look at. It is not your cellphone itself. It is a particular interpretation of it: what
will help you achieve what you wish. Viewed this way, a phone is thoroughly observ-
able in the literal way that ‘observable’ implies — empirical and measurable.

But it could be interpreted differently too. It could be among the organization’s
ends. There it is subject to, combined with, a whole manifold of other ends whose
possibilities concatenate without clear limit, one building on another and so neces-
sarily introducing uncertainty. Consider for instance the case of sourcing a newly
redesigned cellphone part. It could easily be, compared to others: (a) more expensive,
(b) more attractive, (c) more suited to a current advertising scheme, (d) easier to
install, (e) more breakable, and (f) not yet fully tested. The data science staff, the
engineers, the buyers, the stockers and inventory personnel, the accountants, are
now, as technologists, over their heads. You've just entered the domain of economic
reason if not the legal and sociological. The distinction between ends and means, and
so between economics and technology, is itself then a matter of interpretation. And
in the dimension of interpretation you are in the dimension of economics and other
human, transcendental thought — namely transcending, and therefore judging, what
can be literally observed. So if you regard yourself a technologist, keep in mind you
spend much of your day a law theorist, economist, and psychologist as well — even
if merely in crossing the street — where you are judging the net value of yourself and
your organization as an end as well as a means.

As we have made clear and as Kant [6], Heidegger [20], and others show, the
distinction between ends and means is co-relative to the distinction between a person
and a thing. This distinction in turn is metaphysical because it presumes person and
thing to be irremediably disjoint, that a person can never be a thing and vice versa.
What it is to be a person then will always be correlative to the question of what it is
to be rational, and because rational, conscious of uncertainty. To this uncertainty,
technology has of itself no access. Technology is useful for addressing uncertainty but
not in itself and as such. That only a person can do, as a person.

3.2 Fact and counterfact are synthetic a priori too: Buyer demand
We can then see why, in declining to put themselves ‘above’ their subjects, the

human disciplines must somehow bring together what is observable (e.g. prices,
quantities, technology) with what ultimately is unobservable (preferences). Only

° We should remember that Weber, an early sociologist as well, may be including sociology here, which
he pursued under an epistemology much like Georg Simmel’s [19], namely focusing on how individuals
comport with each other in particular kinds of settings.
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then can what is specifically human reveal itself. A central way economics does so is
in the Marshallian [21] and Hicksian [22] demand functions, the former relating the
quantity of a good desired to the money income 7 of the person desiring it, and the
latter to her preferences or utility # instead. Both demands respond also to observ-
able prices p. But while the income in the Marshallian is empirical to both buyer and
analyst, the utility in the Hicksian is empirical to neither of them.  is not observable,
even to the buyer.

Let us represent these two explicitly, the Marshallian quantity demanded as
y (p, m) and the Hicksian as % (p, #).% Now note, in addition to these demanded
quantities, that the buyer in the Hicksian case is equivalently wishing, at the given
prices p, to be minimizing the expenditures needed to achieve that given u. We will
call this minimized expenditure e(p, «). Substituting it for the money expenditure
m in the Marshallian demand y(p, m) gives usy[p, e(p, #)] = h(p, u), namely the
Hicksian again. That is, because people want to minimize the cost of realizing their
yet-unachieved dreams and preferences, we should depict their demand both in the
empirical Marshallian dimension and in the nonempirical Hicksian dimension tran-
scending the empirical. Each of these two demands is a check on the other.

Indeed they co-determine each other, since substituting e(p, #) for m —and vice
versa — will allow us to move back and forth between the empirical y (p, ) on the one
side and the nonempirical 2 (p, #) on the other. The unobservable is being ‘revealed’ in
the empirical, while the empirical is being critiqued and judged by the yet unobserv-
able coste(p, u) of realizing one’s preferences. Because however we cannot observe u
or therefore e(p, u) or i (p, u), the Hicksian ‘pushes’ us to include in the Marshallian
the observable factors z that may be correlated with the unobservable but judgeable
u. That is, the i (p, u) judgment is what lets us reflect on and specify the y(p, m) more
fully, which then, upon estimation, provides the empirical results. Let us refer to this
fuller Marshallian demand specification as y (p, m, 2).

Despite that such duality or mutual correspondence wasn't fully clarified until
the mid-20th century (by John Hicks [22], in fact), it was implicitly being assumed
by the late 19th. For the unobservable as well as observable dimensions of a decision
are part of our daily experience. A price for instance is a weight one bears, and so, as
a literal heaviness, is fully empirical. And income is countable money multiplied by
its countable purchasing power, so equally empirical. Utility in contrast is a judgment
of product usefulness or value and hence subject to the conditions of judgment —
one’s grasp of a situation and its possible conceptualizations. As possibility only, it is
nonempirical and nonobservable while at the same time offering the insight needed to
specify the fuller Marshallian demand y(p, m, z).” Here then, in the specification of z
and thus of the final demand y(p, m, 2) is the opening for psychology, sociology, and
political science, along with the technology and engineering needed — by reflecting on
e(p, u) —tounderstand y(p, m, ).

Note that business, law, and economics in particular must now judge the stabil-
ity and veracity of these other disciplines it is calling in to buttress themselves.

¢ See for example Varian [23] and Mas-Colell, Whinston, and Green [24].

7 Frank Knight, quoted by James Buchanan [8], refers to the same literal heaviness Anderson does when

he writes: “the cost of any value is simply the value that is given up when it is chosen; it is just the reaction
or resistance to choice that makes it a choice” (Buchanans italics). Every decision, by way of utility and its
corresponding judgment, therefore endures a counterweight, namely the decision’s antithesis. So it can be
initiated only from an empirical ‘spark’ like a price. This is the ‘matter’ Anderson [10] says that, for Kant, is
a decision maker’s access to a ‘thing itself” — the reality we encounter but never know as such.
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Historically the first to be called in was physics, in the form of equation structures
flexible enough to distinguish between an identity on the one hand and an equilibra-
tion (an insight, an effort, a risk) on the other. The second were the engineers and
biologists to detail the technical connections between inputs and outputs, in particu-
lar the input combinations x able to produce given outputs ¢° under a given technol-
ogy and from which the cost-minimizing ones are to be selected.

3.3 The hybrid (dual) character of supply

Now that we have settled on consumer demand, consider the hybrid, techno-
economic task of the supply side: isolating the input volumes — we’ll call them
x — that not only can produce the given ¢° but in the least costly way. This is
achieved by solving the producer’s cost minimization problem min, 7x(¢°) = min,
[r1x1(q°) + re2(q°) + ....,] yielding cost function C(q°, ), namely the least-cost
way of producing quantity ¢° at given input prices »® As you can see, this specifies
the desired input volumes (conditional input demands) x(q°, 7) — being the input
purchases at alternative prices that minimize the total cost of producing the given
output g°.

Note what we have done here on the producer side, as in the Marshallian and
Hicksian on the consumer, is to estimate counterfactuals, consumption and produc-
tion possibilities under various possible price and other conditions. Economics is more
concerned and involved with counterfacts than with ‘facts’.

For all this, technical knowledge has been, though not sufficient, a necessary ele-
ment. Technical contributions to economic thought and modeling include:

* By Discipline Area: science, engineering, statistics, depth psychology, empirical
psychology, and empirical sociology.

* By Application Area: environmental, medical, manufacturing, construction,
managerial, and financial.

Importantly, the technical possibilities these fields identify and generate can in
turn, if bounded and finite, be recovered from the costs the economic decision maker
incurs in their presence. That is to say, we have another duality. Technologies can be
reverse-engineered: re-discovered from economic cost data alone, though only if
the decision maker had been trying to minimize cost, as only then will the techno-
economist’s estimate of the minimum cost, and thus of the technology, be unbiased. It
seems no other joint discipline (econ and tech) can accomplish this task — of return-
ing, as digested and absorbed, the very information it had borrowed from another
field. And because technology is what is being borrowed-from and interpreted here,
and because cost minimization is economics’ mode of borrowing and interpreting, we
can say that interpretation is being integrated with the interpreted.

This integration or conjoining of the impersonal and technical with the personal
and economic is yet another instance of synthetic a priori reason, a formal schema
uniting the decision maker’ inner sense of a situation with his conceptualizations and
articulations of it, that Hume [25] first glimpsed and Kant [6] later confirmed. Here
then is the nonseparability of what is subjective and what is objective, the nonsepara-
bility where real persons are making real decisions.

8 For instance, Varian [23] (53).

76



Reason and Interdisciplinarity in Knowledge Management
DOI: http://dx.doi.org/10.5772/intechopen.1002289

3.4 Concluding comment: The plight of the counterfactuals

The initial or primal problem we have described here — in which technology is
drawn upon to help minimize cost - is, as we have said, a matter of an observable
pointing to a nonobservable: technology being the observable and empirical, and
economic preferences being the nonobservable and nonempirical. Can you see that
the dual problem then - reversing this direction by using the cost-minimizing input
combinations to rediscover the technology that had been used - is by this token a
matter of the unobservable judging the observable? As we have said, economics and
technology are in deep need of one another.

If so, it is an interesting thought experiment to reverse these two poles. It would be
to cast economics as the auxiliary, the external information-provider, and technology
the interpreter of the information. It would be, that is, for economics (or psychology
or sociology) to provide their services to technology. Economic findings then would
have to be of the same order as the technical, namely technological themselves. The
first thing to see about such a reversal is that the possibility of contextual, personal
readings of economic language would be given up. Broad generalizations, emptied
of the discrete, intuitive meanings that particular situations provide and that micro-
economics is engaged in modeling, then replace them. Persons, the dimension of
interpretation, judgment, and decision, are reduced to things.

What might, in an historical sense, explain such depersonalization? Two pos-
sibilities its seems to me. First, science and technology afford the unending stream
of new curiosities that the human disciplines lack. The plethora of data becoming
available in our era is, however, the second reason. Econometric structure, the
distinction for instance between endogenous and exogenous variables, initially gives
way to single-equation and other reduced-forms, where more abstract visions are
allowed. Statistical structure then stands in for theoretical structure. Distinctions
between cause and effect devolve into correlations. Generalizations, cut loose from
a sense of particular circumstances, get freer rein but at the cost of credibility and
meaning.

Yet the management of knowledge, especially of technical knowledge can never
finally be technological. If it were, no one would finally be interested as it would
have no human implications or meaning. Knowledge management therefore calls
for symbolic, ‘as-if” expression just as economics does. The way technical knowl-
edge is interpreted is finally, as Heidegger [2] was saying, a human question. And
to be human is to have a zone of privacy even from oneself. Not even the decision
maker can ultimately peer inside and see how her decisions are made, so knowledge
managers’ depictions of decision processes are metaphorical and symbolical only.
This is not to say metaphor is not effective. Quite the contrary, it is finally the
most effective of all. Efforts nevertheless are underway - in artificial intelligence
— to eliminate metaphorical, ‘as-if” expression. That, I surmise, will be AI’s chief
problem.

Nomenclature

Epistemology (Methodology)  The study of the methods we use to know something
and how the methods can be justified

Counterfactual A model estimate of what would have happened had
conditions been otherwise. In other words, the level
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Empirical
Endogenous Variable

Exogenous Variable

Reduced Form

Separability

Synthetic a Priori

Author details

Steven T. Buccola

an endogenous variable would have taken had the
exogenous been at levels different from those at that
same time and place

Observable with the five senses

A model variable whose value depends on others in
the model

A model variable whose value depends on no others
in the model but affect others instead

A single-equation simplification of what is pre-
sumed, in fuller reality, to be a multi-equation and
more complex one

An independence or dissociability among variables
implying each can be understood without reference
to the others

A modeling procedure that involves both, and
forms the unity of, conceptualization and empirical
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Chapter 6

On Structuring of Media
Information on Sensitive Issues

Dora Gelo Coli¢

Abstract

Structuring media information on sensitive issues is the optimizing process of
information content to integrate the essential tension between two contradictory
demands. In this case, it is a demand for openness, in other words, information of
public interest. On the other side is the demand for secrecy with regard to the sensi-
tivity of information with possible links to the specific parts of the national security
concept. The content of the term public interest is determined by what is widely
accepted as essential in terms of the long-term well-being of society and its members.
The topic is approached within the framework of semantic information theory in such
a way that the information published in the public media is analyzed in accordance
with theoretical guidelines in a concrete environment, and the analysis isolates the
elements of information that correspond to the given goal and those that do not.

Keywords: information, relevance, media, data quality, usefulness

1. Introduction

Structuring media information on sensitive issues is the optimizing process of
information content to integrate the essential tension between two contradictory
demands. One of them is demand for openness, demand to give access to information
that is critical for citizens, in other words, information of public interest. The other
one is the demand for secrecy with regard to national security.

The concept of public interest and its content could be debatable. However, it is
unlikely that subtle differences in the perception would significantly erase the impor-
tance of factors such as the relevance of information, its truthfulness, clarity, and
coherence of reporting.

“...there is the idea of ‘public interest’ as in the chapter title, used widely and
diversely, sometimes misused and escaping an agreed definition except in very gen-
eral terms (as a notion of the welfare of the public or society as a whole). However, Jay
Blumler did suggest (1998) a fairly clear view of what it would mean, in terms of three
key features: it refers to a vision of what is good for the many as instituted by some
form of legitimate democratic authority (as are certain other functions in society, such
as government or the justice system) and having an element of public responsibility as
a consequence. It is an idea that requires a long time span, which takes into account
the long-term needs and effects, thus of future as well as present generations.
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In addition, the notion of a public interest has to recognize conflicts of interest and of
perspective in implementation; it must permit compromise and adaptation to the
realities of the time and place” [1].

Is that a problem worth solving? By simply observing, we can notice lots of lines of
force in the public space. However, more often than not, we do not recognize their
source or even their mutual interference, goals, or source’s motivation. We might find
that all of these are the factors producing or empowering the media noise we witness
nowadays. It is not unfeasible to conclude that such media noise could be the reason
for the fear that humans feel while deciding whether to believe something they have
heard or not. Furthermore, that fear could be reflected in the opposite direction and
make people not believe something that they actually should. Nevertheless, to analyze
“what is what and who is who is the zoo” is not an easy task.

According to McQuail [2], media theory is a complex structure of socio-political
and philosophical principles. He sees it as the knowledge that organizes ideas on the
relationship between the media and society. In his classification, among a few other
theories, there is normative media theory that deals with the issue of what the media
should do rather than what they are really doing. Although the fact that McQuail
categorizes theory in a few basic varieties, he adds that, in reality, there are no clean
models; rather, what exists in a concrete society is a model combining theoretical
elements and media types. He also believes that basic principles of media activity can
be isolated as independence, diversity or pluralism, information quality, and the
preservation of social and cultural order. He warns that some of these principles are
conflicting but that one of the aims of regulation is managing tensions and settling
conflicts. The conflict in focus in this research is between secrecy and openness, which
we see as something that the national security system is entitled to do vs. the demand
of the public as part of the norm of a democratic society. But it is just one of the many
characteristics of this specific relationship between the system and the media. As
stated by authors Peter Gill and Mark Phythian [3], a part of their relationship can also
be marked by a combination of dependence, manipulation, support, and praise.
Besides that, the similarity between these two is something that is worth mentioning
as well. We can notice while looking at the relationship that both have specific
connections with the source, which opens up the possibility of fraudulent and illegal
behavior to obtain information that is not accessible to the public by regular means.
These appearances [4] are also directly connected to the possible negation of basic
principles like independence and information quality.

Can we solve it in the framework of science? We can exaggerate by saying that we
will find the one and only solution in the framework of science and that we will
resolve all of our problems with regard to media reporting. It is also possible to
exaggerate in another direction and argue that the solution is not possible, not by any
chance and not under any condition, but both perspectives cannot find a firm foun-
dation if we look at science as something in the middle of those two, something that
asks questions, seeks answers, gets partial answers, and tries again.

Is it applicable? It could be, and it will be presented in this paper. Firstly, a
theoretical analysis of fundamental terms of information sciences was conducted. The
results of the analysis were applied to a certain amount of units. By units, it is meant
sentences from the chosen media article. An empirical analysis after the theoretical
analysis filtered the applied results in a way that gave them space to live and be
accommodated within a certain environment. That resulted in a concretization of the
fundamental theoretical terms. The overall result will be shown in this paper, together
with the process.
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Is it real? In most of the discipline and not rarely in research, we do have that
practice-theory relationship problem. We can find the same in this particular research
and the discipline we lean on in this research. Information sciences, as in any other
discipline, could have a theory that seems not to work in reality and a practical
working solution that cannot be confirmed outside of the silent knowledge. According
to many sources, gathering information is no longer a problem in today’s world. As per
some estimates, open sources contain a high percentage of required information,
indicating an increased need to improve the decision-making process, mainly the
analysis process [5]. That would be place where practice and theory should constantly
meet, making each other real.

As a wide variety of problems in science, engineering, etc., can be posed as opti-
mization problems [6], the goal of a former model, and hopefully an optimization
algorithm in the future, is to calculate that right measure or the right language struc-
ture of the sentence and to optimize information, naturally following the results from
the research process. Secondly, an alternative to optimizing every piece of informa-
tion (in this research, information equals sentence) is to optimize the whole media
article by picking only sentences that fall in the range of calculated values that are
determined as those that legitimize publishing based on the scope and goal of the
research.

Taking into account the need to have the possibility to change this model, as this
particular optimization process must be understood as “learning by doing,” we are
thinking of using, for “very” further research, a learning process in the Artificial
Neural Network’s (ANN) context, that is, ANNs ability to learn automatically from
examples. This can be considered as updating network architecture [6]. With this
mode of applying the results, it is especially interesting that the ANN learns underly-
ing rules from the given representative examples.

2. Methodology

The methodology used in this research is mostly inspired by Florian Kohlbacher’s
design, which implies applying qualitative content analysis as an interpretation
method in a case study. Given the fact that the research in question is initial in nature
and its main purpose is the processing of semantic theory of information in the
context of its suitability for solving the given research problem as well as related
problems, refining terminology, operationalizing concepts, and creating an analytical
matrix of relationships between concepts, it is used a case study of the research
principle with admixtures of the description principle. The latter is used for the
purpose of transparency of empirical analysis, which should contribute to critical
observation of the research process and its results.

In accordance with the need to resolve the essential tension that this
problem contains and its multi-perspective, the needed methodological
framework is the one that will result in the resolution of the problem and all its
dimensions so that in future research, these dimensions can be specified more nar-
rowly, and thus more precise in research questions/hypotheses which will potentially
result in more precise answers.

The formulation of research questions is the first component of the research
design, and in this study, a total of four research questions were asked. The choice of
methodological strategy, including the type of methodology and methods, was previ-
ously explained, and here it should be emphasized once again that it was decided that,
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at this moment, it would be counterproductive and contrary to the basic goal of the
research to set hypotheses and use any type of standard statistical or other quantita-
tive methodology. For this reason, one cannot talk about a completed model of objec-
tive quantification of information but only about testing possible variables. In other
words, at this stage, this would be a representation of the model that is aimed for, the
model when all variables would be included in the calculation and more strongly
modulated.

Consequently, an iterative analysis method is used, and due to that, at this stage is
possible to talk only about an approximate solution and not the exact one as well as a
gradual reduction of the error after each step. Considering the complexity of the
system being processed, it is to be expected that a method of this character and scope
will be used in the following research, possibly in a more complex form by narrowing
down and determining the number of steps of information analysis and/or by intro-
ducing allowed limits of error reduction in the results in the sense of limiting the
legitimacy of the results.

Firstly, a theoretical analysis was conducted. The fundamental concepts of
information science were analyzed: relevance, usefulness, informativeness, data,
and information. The paper presents brief considerations and the results of the
theoretical analysis as initial settings for testing in the empirical analysis. Despite the
large number of definitions of the fundamental concepts and concepts related to them
and the many perspectives of their contents and relations, it was decided to use those
that, in terms of their formation, best fit the framework of the specific research. As
the goal of the research is to isolate an analytical framework for structuring informa-
tion of public interest subject to the requirement of secrecy and to examine the
adequacy of semantic information theory as a framework for establishing a balance
between the requirements of secrecy and openness, the first starting point was to
check whether semantic information theory is an appropriate framework for the
research problem.

To achieve the subsidiary goal, that is, isolation of a specific preliminary model for
testing the described publications in the media, it is examined:

a. whether truthfulness or informativeness is more important for the relevance of
information,

b. which elements/categories are sufficient for building this model, and
c. what are the relations between them.

In the second phase, the results of the theoretical analysis were applied to a
certain number of research units. They were analyzed by using structure analysis,
syntax analysis, grammatical analysis, and narrative analysis. The number of research
units for the empirical analysis was not determined in advance, but the analysis lasted
until a conclusion was reached on all examined categories and elements, that is, until it
was determined by the findings that the final conclusion could not be reached unam-
biguously.

In this particular research, a total of 34 research units were analyzed. The
sentences were selected from the chosen media article, per the defined theme frame-
work and based on the evaluation of the content in terms of participants, activities,
events, and venues by convenient sampling from the daily or weekly national news-
paper. In the selected article, research units (sentences) were selected as a
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representative part of the material (article) or a part of the material that was judged
suitable for examining a certain category or relation.

With the results of the empirical analysis that filtered the applied theoretical
terms, we created a matrix as the meeting point of theoretical terms and their empir-
ical usage. By picking patterns during the matrix analysis, we produced a table
containing formulas expressing connections between both empirical and theoretical
examined elements.

In the third phase of research, the analysis was done based on the produced table,
and the results were recorded. Considering the overall goal of the research, many
more units have to be included in order to achieve a bigger number of representative
examples.

Matrix results for relevance, usefulness, and average data quality are variables for
the publication test. Given that 34 research units were analyzed and that the obtained
values ranged from:

R=0-7.65 (1)
Kor = 0 — 105.65 (2)
KV(g) =0 — 66 (3)

The sentence would pass the publication test if cumulative results for R > 3.8 and
Kor>35.21 or cumulative results for R>3.8 and KV (g) > 22.

The choice is based on the evidence registered in the research. Relevance as one of
the underlying variables must be above 0.5 of the range. Usefulness as the second
fundamental variable is treated partially differently for the reason that we do not see
the information we are processing here as a product that should stimulate the reader’s
action or articulated activity, but rather as media reporting with an unspecified goal in
the context of the reader’s activity. For media reporting, it is primary that the infor-
mation is relevant to the highest degree possible, which means that it has a certain
amount of correct and precise data and that the ratio of verifiable data in the total
number of data it consists of is satisfactory. Usefulness is a category that is no less
important in this relationship but has less impact on the publication test for the
reasons stated above. Therefore, it was decided that any value above a third of the
range makes the information publishable. Data quality as an empirical category that
expresses the product of the sum of preciseness and correctness of data with the
nominal number of verifiable data in the information is set in the alternative test
variables, and its value must be higher than a third of the range for the information to
be published.

The decision to introduce an alternative test model in which information,
regardless of whether the usefulness is too low, if it has sufficient data quality, will
be published, was made in order to develop the trend of openness of the system
toward the public, and within the purpose of this research, to find the optimal
measure of reporting on specific issues given by this framework in the context of
public interest.

It is important to note that the publication test ranges of this preliminary model are
determined within the data processed here. In the case of expanding the data set, each
new result would potentially change the range and assessment of the information.

In the event that it turns out that standardized quantification is possible to some
extent, it is assumed that a very large number of data that could be processed in an
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automated way would need to be included in that set. However, given the significant
number of problems that exist in examining and evaluating information in this way, it
is currently more appropriate to test the model on several small sets and analyze

the possibilities of solving the underlying problems. Considering the fact that the
analysis procedure, which begins with the extraction of data and continues with its
characterization is more important than these simple hypotheses of calculations,
which are only a reflection of the behavior of the categories in the evaluated informa-
tion, even without presented preliminary result, expressed numerically, the average
reader doing this process could be more acquainted with the value of the given
information.

3. Theme framework

Considering the term “information” is often used to represent a variety of things,
events, or expressions, it cannot be interpreted as things, events, or expressions
themselves unless it is within a context and is understood meaningfully [7], so we put
the research in a specific context to examine theory. Theme framework accordingly
needs to be defined in order to create a scope for the research of fundamental
theoretical terms in information sciences such as relevance, informativeness, and
usefulness, and on the other hand, data and information.

The theme framework is related to the national security concept but in its specific
nonmilitary aspects, like the inner structural weakness of the system, the vulnerability
of the institution, and the vulnerability of the value system related to political stability
and social cohesion.

Layeredness as a characteristic of the state’s nature, and especially the
specific structures and circumstances of a given state, makes it open to
multiple threats. The idea of the state and its ideology are common targets of
political threats. This especially comes to the fore when it comes to states where ideas
and institutions are divided or opposed because such entities are highly vulnerable in
the context of political penetration. However, internal division is an element that is
not necessary but only contributes to vulnerability because even entities that are
strong and influential can be objects of political threats. They can sometimes descend
to a level where it is extremely difficult to distinguish whether it is an exchange of
ideas and information or a threat to national security. Here we are talking about the
issue of language, religion, and local cultural traditions that can also play a role in the
creation of national identity, and in that sense, they can be objects of attack and
necessary protection. Since political threats have become increasingly complex in
terms of performance, they often do not occur directly and visibly but in such a
way that external factors are involved in internal issues and discussions, taking
sides that represent goals that are closer to the goal of a particular political interven-
tion. In this sense, there are numerous variants of the process of influence and their
goals, from which we can often single out the use of weak states to balance the forces,
that is, to determine the patterns of the international order, at a given moment, by
more influential or stronger political subjects. It is possible to conclude that the
intertwining of types of threats and the scale of the vulnerability of a given society and
state is difficult to definitively define unambiguously and in the long term, but it is
possible and necessary to develop systems that would minimize the harmful conse-
quences of various attacks, i.e., detect the sources and processes of threats as much as

possible [8].
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Following the aforementioned points, situations when hybrid threat activity, by
applying combinations of tools, targets a state in the legal, diplomatic, information,
and political domains are included. Each tool and its combination can target one or
multiple domains, or the interface between them, by creating or exploiting a vulner-
ability or taking advantage of an opportunity [9].

Underlying idea of the theme framework is under the umbrella of finding a balance
between democratic standards and registering hybrid threats in a timely manner, as
the goal that is in this research considered as the goal of public interest.

4. Theoretical analysis
4.1 General definition of information

The general definition of information (GDI) is an operational standard that defines
information as an item that:

1.is composed of one piece of data or more data that,
2.is well-composed, and
3.has meaning.

By well-composed data, we mean data that are composed in accordance with the
syntax of a certain system, whereby syntax is seen as a term in a broader sense than
linguistics, which includes the determination of form, construction, composition, and
structure [10].

A primary characteristic of Floridi’s semantic information, though not self-
sufficient, is the meaning in a particular code, system, or language implying compli-
ance with the chosen code, system, or language.

The fundamental nature of the data is where we see x different to y, where x and y
are two uninterpreted variables, or in other words, the fundamental nature of data is
exhibiting the anomaly.

The GDI endorses the thesis: a datum is a relational entity. It implies taxonomic
neutrality due to the fact that nothing seems to be a datum per se, classifying it as a
relation. Although we have the slogan “data are relata,” the GDI is neutral with respect
to the classification of data with specific relata.

The second implication of the GDI analyzed in this research is typological neutral-
ity, meaning that information can consist of different data types as relata. Although
the typology is not yet fixed and standard, it is quite common to have five classifica-
tions. Depending on the analysis conducted and the adopted level of abstraction, the
same data can be understood as more than one type [11].

Considering the term “information” is often used to represent a variety of things,
events, or expressions, it cannot be interpreted as things, events, or expressions
themselves unless it is within a context and is understood meaningfully [7], so we put
the research in a specific context to examine theory. Therefore, my research results
are to be interpreted only as such. There is a strong possibility that the model would
work in other conditions, but that would have to be proven in other contexts. Even
this model will have to prove itself sustainable, and it is expected that it will grow and
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change as it is alive. This is also expected because we can anticipate changeable
circumstances in which relations exist.

4.2 Data characteristics

To calculate the categories that characterize the information, it is necessary to
evaluate the preciseness and correctness of the data that the information consists of.

The issue of assessing correctness and preciseness was solved during the
empirical analysis by applying the initial settings for data correctness and
preciseness. According to initial theoretical settings, incorrect data are considered
those that are destroyed by errors or inconsistencies. In regards to data preciseness
theoretically, precis is understood as a measure of the possibility of repeating the
collected data.

When one of the implications of the GDI as an operational standard is taken
into account, namely the taxonomic neutrality according to which the data are
related, it was concluded that the correctness of the data is established when, at the
sentence level, there is no contradiction between the data that the information con-
sists of. The contradiction is examined at all levels - syntactic, semantic, and gram-
matical. In addition to the context, the data can also be examined in relation to
external entities.

Due to analyzing data preciseness, the measure of data repeatability was also
examined at all previously mentioned levels. It was concluded that precise data in this
framework is data whose repetition brings meaningful value, and imprecise data is
considered to be one whose repetition, although possible, neither in the first, nor in
the second, nor in the tenth attempt does not bring meaningful value. As well as when
testing correctness, data preciseness can also be tested in relation to external entities.

In the example:

“The fact that after some time SOKO ZI decided on its own initiative to pay
penalties due to the delay of part of the delivery is also surprising.”

Defined context of the media article as whole:

“the state was damaged by the payments under disputed contracts”.

isolated data:

1. After some time, SOKO ZI decided on his own initiative
2.SOKO ZI paid the penalties after some time
3.The delivery was partially delayed

All data were assessed as correct because there is no contradiction between them at
any examined level. All the data were assessed as precise because, in relation to the
context, it is sufficiently precise that the decision was self-initiated, that the penalties
were paid, and why they were paid. However, all the data could be characterized as
imprecise in relation to external entities because in the first one, the duration of SOKO
Z1 deciding on its own initiative was not specified, so accordingly, it was not specified
when it paid its penalties. The third data is also not precise because it does not bring
content to the delay, i.e., it is not specified whether “partially” refers to the delivery
time or the quantity or the quality of the delivery. It was concluded that, in accor-
dance with the criterion of pragmatism, i.e., taking into account the constructive
contribution in the practical aspect of the research, they are defined as precise in

88



On Structuring of Media Information on Sensitive Issues
DOI: http://dx.doi.org/10.5772 /intechopen.1002541

relation to the context. That is due to greater usefulness in knowing about activities
and the reasons for these activities in a defined context than the harm that exists in
connection with the inaccuracy of this data.

Defining criteria for the verification of data is very important. It is strongly advised
not to keep a fixed number but to constantly update this list. Criteria naturally depend
on the data we want to verify, so we started with kinds of self-evident criteria, such as
the possibility of confirmation in transparent records, minutes, public reports, pub-
licly verified documents, public registers, and transparent actions of the involved
actors, such as direct tv interviews or any other similar direct source, five open
sources that confirm information (today is not applicable due to substantial amount of
web copying).

During the analysis, we observed a few more. In the examples below.

Data 5 Croatian citizens have started thinking about banks and the banking system
that can hide many secrets — verifiable.

Data 6 Croatian citizens have started thinking that the president could lie and be
connected to crime if he has an advisor who can lie and be connected to crime —
verifiable.

Data 7 Croatian citizens began to think of other things as well - verifiable.

We see that the author used a very general syntagm, “Croatian citizens.” We do
not know their age, region in Croatia, education, or even the number of people, so we
could apply very simple sociological research, take an undefined sample of Croatian
citizens (as here), and try to include 1000 people so the research could be considered
legitimate and verify/not verify this data. We can see that different data can be an
inspiration for an indefinite number of criteria.

Specific environment characteristics of the data publishing also turned out to be
crucial in defining the criteria for the verification. The examples shown here are from
the time when the Croatian Act on the right of access to information [12] did not exist
in the legal system. As Article 3 of the Act states, “The objective of this Act is to enable
and ensure the exercise of the right of access to information and the reuse of infor-
mation, as granted by the Constitution of the Republic of Croatia, to natural persons
and legal entities, through openness and the publicity of the activity of public author-
ity bodies.” Therefore, from the moment the Act is valid in the country, we have
many more verifiable data.

The criteria for data verification indirectly, through the category of truthlikeness,
strongly influence the calculation of relevance, so they have to be considered care-
fully. However, it is expected to have changes in the research results, even changes in
the model itself, due to environmental changes.

4.3 Relevance

Over time, relevance was explored in different directions, but it is possible to
summarize it into four approaches to the nature of relevance. We found that the
following emerged: systemic, communicative, situational, and psychological, and we
can add to these a fifth or interactive framework based on a layered interaction model
of information searching, where interactions include levels or layers. It is considered
that there is not only one relevance but an interdependent system of relevances, which
dynamically interact with each other within and between different layers or levels and
adapt when necessary. A categorization of the manifestation of relevance was pro-
posed, and it was cross-referenced with the system of relevance. It is considered that
relevance has a set of general features that characterize its nature, which include:
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a. relation
b. intention
C. context

d. inference by involving an assessment of a relation, often an advanced
assessment of the success or degree of enhancement of a particular relation,
such as an assessment of some information sought in relation to a context-
directed intention

e. interaction meaning an inference is achieved as a dynamic, interactive process
in which interpretations of other features can change depending on
understanding [13].

Following this, in this research, we consider relevance between the author of
the media article/its content and the reader as the element of efficiency
strongly related to the characteristic of data, of which the particular information
consists in the specific context. We find it is an unchangeable characteristic from the
perspective of the time index. Counting on the fact that average preciseness and
average correctness are not changeable, the only change we could expect in this is that
of truthlikeness.

4.4 Truthlikeness as the best possible truthfulness

We had not included the concept of truth because we strongly believe that,
because of its complexity, generally speaking, and especially in regard to this subject,
it would limit the scope of the research and its usefulness. Therefore we are content
with the term truthlikeness as the best possible concept one can work with.

As there might be a betweenness relationship among worlds [14] or even a fully-
fledged distance metric, we can examine what is closer to the truth. The essence of the
likeness approach is that the truthlikeness of a proposition is somehow dependent on
the likeness between worlds. Graham discusses three main problems for any concrete
proposal within the likeness approach:

a. an account of likeness between states of affairs — what does this consist of, and
how can it be analyzed or defined?

b. the dependence of the truthlikeness of a proposition on the likeness of worlds in
its range to the actual world: what is the correct function?

c. “translation variance” or “framework dependence” of judgments of likeness and
of truthlikeness.

The truthfulness [10] that is a changing measure on this scale is actually the degree
of realism of a particular claim or information, its proximity to the real state of affairs.
The problem is determining the proximity to truth/reality/information. Considering
what was mentioned earlier, it is concluded that the proximity to truth/reality/infor-
mation could be expressed as truthlikeness that is the proportion of verifiable data
from the total number of data.
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ST = PP : UBP (4)
PP — number of verifiable data.
UBP - total number of data.
and the relevance
R = (is + pr)xST (5)

ST — truthlikeness.
is — correctness of data (total points for all data in the information).
pr — preciseness of data (total points for all data in the information).

4.5 Usefulness

In defining logical relevance, Cooper distinguished relevance and usefulness (utility).
Relevance must deal with “what it is about,” and it is finally defined by way of logical
implication, while usefulness is a universal term that includes not only thematic con-
nection but also quality, novelty, probability, and many other things. Building on this
distinction, Cooper was the first to give an in-depth treatment of utilitarianism instead
of relevance as a measure of search efficiency. He built his argument on the assumption
that “the purpose of a search system is (or at least should be) to search for documents
that are useful, not just relevant. Elaborating further: The success of a retrieval system
must ultimately be judged on the basis of comparison of some kind involving costs and
benefits” [15]. As in the pertinence point of view, in the pragmatic point of view, the
approach was to divide the notion of relevance to differentiate and show that relevance
is one thing and pertinence or utilitarianism another, although they are related.

Starting mainly from the distinctions established in Cooper’s work, by examining
the sentence as the information carrier, in these specific conditions we look at the
usefulness of the information as something that is considered to be in the public
interest as it is defined earlier. That means that even when calculation is not very high,
the information could be in public interest and, therefore, useful for publication,
especially when it comes to exposing corruption that is not easy to verify in the sense
of data verifiability.

Kor = (KV(g) : IGP)x DxI (6)
KV(g) - average quality of data
KV (g) = PP(is + pr) @

is — correctness of data (total points for all data in the information).

pr — preciseness of data (total points for all data in the information).

D - time index (D - > 0 day-2 days = 10 points, 3-5=9, 6-8 = 8,9-11=7,12-14 = 6,
15-17 =5, 18-20 = 4, 21-23 = 3, 24-26 = 2,27-29 = 1, 30.. = 0) number of days from the
zero event day, or connected (thematically related to the zero event) event day to the
day of publishing the article.

IGP - total number of nouns, verbs, and adjectives in the information.

I — informativeness

1=10-X (8)
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X =1+ (SP/PRP) )

SP - secondary data.

PRP- primary data.

Here, a few things could and should be discussed. Why is it that calculating
relevance includes truthlikeness, which stands for the proportion of verifiable data
from the total number of data, and while calculating usefulness, we use an exact,
nominal number of verifiable data? The decision was made due to a discussion on
relevance and the possibility of partial relevance, which can be viewed as a range of
nuances. By including the principle of relativity in the assessment of relevance [16], it
is possible to find a measure that is not determinable in two extremes — yes or no - but
also as a sequential value. In this framework, relevance is measured, having as a
possible outcome a range within which the calculated values are observed in relation
to the highest and lowest values obtained in the analysis. The situational approach of
the Syracuse School, which considers the situation, social context, multidimen-
sionality, time dependence, and dynamics as the key elements and properties that
characterize the nature of relevance and the processes by which relevance relations
are established, also influences our choices. Relevance is “a dynamic concept that
depends on the user’s judgments on the quality of the relationship between informa-
tion and information needs at a certain moment” [18]. By this analogy, the user’s
judgments in this research correlate with the defined theme framework as explained
earlier. Finally, we concluded that it is important to include the relationship between
verifiable data and unverifiable data because it shows the situation in that the infor-
mation was published in, and in a way, it shows intention, relation, and connection to
that social context as well. The time dependence the group is working with while
exploring situational relevance was connected to usefulness, and the usefulness is
actually situational relevance for some authors.

Clearly, our choice is to divide usefulness and relevance based on previous discus-
sions, using more content of discussed terms rather than the terms themselves trying
to make them vivid in the given research framework.

Several things could and should be discussed here.

Why does the calculation of relevance include truthfulness, which indicates the
proportion of verifiable data in the total number of data, and the calculation of
usefulness dependent on average data quality includes the exact, nominal number of
verifiable data? The answer depends on two things. One of them is stated when
distinguishing the structure of the average data quality and relevance in the context of
decomposition using different coefficients in the formula proposals. Another reason is
in the discussion of relevance and the possibility of partial relevance, which can be
seen as a series of nuances [16].

Greisdorf also states that relevance is defined very differently, so he singles out
Goffman [17], who defines relevance as a measure of information delivered by a
document in relation to a query and determines that the connection the document has
with the query is not sufficient to determine relevance. Furthermore, since relevance
can be defined as a measure of information, it must depend on what is already known,
which is a fact that must be recognized in any assessment of the relevance of the
document in relation to the query. He concludes that for the assessment of relevance,
the connection of the document with the query is not sufficient, but the measure of
relevance is also evaluated in relation to the set of documents that contains the
document whose relevance is assessed. Therefore, if we include the moment of rela-
tivity in the assessment of relevance, there is a possibility to obtain results of
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measuring in a graduated sense and not in two extremes — yes or no. Consequently,
there is a way to find a gradation of relevance. There are many authors who analyze
the concept of graded relevance, but also a few who strongly advocate the position
that relevance exists or not, and that what supporters of graded relevance call degrees
should be categorized in a different way.

The situational approach of the Syracuse School, which considers situation, social
context, multidimensionality, temporal dependence, and dynamics as key elements
and properties that characterize the nature of relevance and the processes by which
relevance relations are established, also influenced the said choice. Relevance is “a
dynamic concept that depends on the user’s judgment of the quality of the relationship
between information and information needs at a given moment” [18]. Analogously,
user judgments in this research correlate with the determinants defined by the topic
framework. During the research, it was concluded that it is important to include the
relationship between verifiable and unverifiable data as an indicator of the situation in
which the information was published and indirectly as an indicator of intention,
relationship, and connection with the social context. On the other hand, usefulness as
an indicator of the characteristic “being in the public interest” increases with the
largest number of verifiable data, regardless of the total number of data.

A significant difference can also be observed in the dependence on the time of
publication on which the calculation of usefulness depends, while information, once
marked as relevant, if the circumstances that affect the assessment of data verifiability do
not change, is a time-resistant, that is, unchanging category in the context of the time
index. Consequently, in this research, relevance is considered a category that is strongly
related to the features of the data that a particular piece of information consists of in a
specific context. It is not viewed as a measure of concordance with the thematic frame-
work but as a measure of the amount of information found in relation to the given
thematic framework of the research in which, as previously stated, media articles are
selected in relation to activities, persons, and events, that is, as a “measure of the effec-
tiveness of contact between source and destination in the communication process” [13].

4.6 Average quality of data

To calculate the average quality of data, first we must identify the type of data. As
we mentioned earlier, the second implication of the GDI that interests us is typological
neutrality. It means that information [11] can consist of different types of data as
relata, and although the typology is not yet fixed and standard, it is quite common to
have five classifications. Depending on the analysis conducted and the adopted level
of abstraction, the same data can be understood as more than one type.

1.primary data — basic data stored in a database

2.secondary data — they are the opposite of primary data and represent their
absence (anti-data) — silence can be very informative

3.metadata - indicators of the nature of some other data, usually primary data
4.operational data — data on the operation of a data system as a whole

5.derived data — data that can be derived from some other data and then we
consider these other data as an indirect source
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Classifying data, that is, determining the type of data, is done in accordance with
the classification in connection with the second implication of GDI, that is, typological
neutrality, which means that information can consist of different types of data that are
relationships. Data within the framework of typological neutrality are classified in
relation to the context of an operating system. The context of the sentence is deter-
mined by the content analysis of the article in which it is found, and in this sense it is
the operating system in which it functions.

Following the aforementioned parallel, the primary data that is originally the basic
data stored in the database in this frame is the data as a set of words that are the core
of the context. Secondary data are the opposite of primary data and represent their
absence (anti-data), which in this framework means that the data tends to be primary,
but the given set of words nevertheless does not provide information, that is, the set of
words is an anomaly in relation to the previous state and tends to be the core of the
context, but does not provide recognizable content. Derived data is data that can be
derived from some other data, and then this other data is considered an indirect
source. In this framework, derived data are those that are not an integral part of the
context. During the analysis, a problem arose with the adjustment of the term derived
data, given that the type of data is determined in relation to the context. However, the
solutions during the analysis showed that they were extracted from the information
and classified in relation to the context. It was done in that way because it is only in
relation to the context that it is possible to determine that they are not part of it. The
fact that they exist in information makes them an integral part of the system in a
specific way. Accordingly, they, as such, derive from some other source but have a
specific function in the system. One of the results showed that they are in the function
of supporting the context but that they can also have the opposite effect.

In the sentence example.

“Rados$ assumes that the money that Croatia sent to Mostar during the war in 1993 and
1994 was nothing less, in fact, it could only have been greater because war costs money.”

the context is determined:

proving the international character of the conflict in BiH through Croatia’s
involvement in that conflict.

and the data are isolated:

1.Rado$ assumes
2.1993 and 1994 were war years

3.Rados assumes that the money that Croatia sent to Mostar during the war in 1993
and 1994 was no less (information in the previous sentence)

4.the money could only be bigger (information in the previous sentence)
5.Rados$ assumes that war costs money

and classify

1.derived — the conclusion that Rado$ assumes is derived from another source

2.primary — temporally determines the conflict in question, the international
character of which is proven
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As already mentioned above, given that data classifying is still not

standardized, sometimes some data can be classified as multiple types.

Given that this data could be metadata if the core of the context was strictly
interpreted. The conclusion regarding the specific classification was made as a
consequence of the interpretation of the core of the context in terms of temporal
and spatial determinants without which the context would be seriously damaged,
i.e., as a consequence of the interpretation that proving the international
character of the conflict would be incomplete if there were no data on the years
of the conflict.

3.secondary - the data tends to be primary, but the verb “assume” introduces
weakness into the set of words, that is, into the data;

The fact that we learn that the amount “was no less” than other specific amount
makes that amount determinable, but at the same time, introduces weakness in
the information that tends to be primary. A possible objection to this
classification could be due to the fact that the determination of the amount does
not necessarily have to be part of the core that proves or does not prove the
international character of the conflict through Croatia’s involvement in that
conflict, but could be characterized by supporting context. However, the fact
that derived data is considered to support the context does not lead to the fact
that every set of words whose composition and consequently content can

mean supporting the context should be considered derived data. The

essential determinant of the derived data is that the data is from another

source, and here it is unlikely that data 3 and 4 have a different source than
data 2.

4.secondary-"only bigger” has the same status as “was no less”

5.derived - if you look at the set of words “war costs” within the sentence to which
it belongs, it can be concluded that it is generalized view that any war costs
money, so in that sense it is derived from another source. It is not clear from the
sentence whether this is Rado$’s data, and further to data 3 and 4, when
classification could be done in such a way that this data is classified as secondary.
Another possibility is that it is a comment by the author. In the case that it was
Rado§’s data, the classification would go in the direction of secondary data
because the set of words, apart from representing an anomaly in the fundamental
sense, does not bring specific content in this context, so it cannot be primary data
in a sense — The war in Bosnia and Herzegovina costs X. Decision on type was
eventually done for all the above reasons, especially because of the greater
probability that is the general attitude of Rado$ or the author, which has its
source somewhere outside the core of the context. The functionality of this
derived data in terms of context support is questionable.

Following the parallel between the operating system and the context,
metadata as indicators of the nature of some other data, usually primary data, require the
least adjustments because the definition is directly applied to the scope of this research.
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Operational data, which are originally data about the operation of the data system as a
whole, in this framework are data that speak about the consequences of the context
content, the implementation of the context content and its internal functioning.

In the example sentence.

“The fact is that the contracts for the procurement of various spare parts for
Hrvatsko ratno zrakoplovstvo (HRZ) (Croatian Air Force), and the affairs behind
them, have led to the fact that today only one combat aircraft and one transport
helicopter are flying.”

the context is determined:

the state was damaged by the payments under disputed contracts.

data are isolated:

1. contracts were concluded on the procurement of various spare parts for HRZ
2.are having affairs

3.contracts produced consequences

4.affairs produced consequences

5.consequence is that only one fighter plane flies

6.consequence is that only one transport helicopter flies

1 - primary data.

2,3,4 — metadata — data about the nature of the primary data, which is such that
affairs are dragged on, that consequences are produced.

For data 4, the classification is questionable. In the case of narrow interpretation
of metadata, and if data 2 is correctly typed as metadata, data 4 would be metadata
of metadata. The conclusion is that data 4 is typified as metadata because in the very
definition of metadata, it is indicated that metadata is an indicator of the nature of
other data, and that it is most often primary data. Therefore, such a definition also
allows metadata as the type of data metadata could be an indicator of their nature. In
this framework, given that the data is isolated and classified in relation to the
context, that metadata 2 is an indicator of the nature of data 1 and that, in terms of
content, the affairs are directly tied to the conclusion of the contract, metadata 4 is
metadata of metadata 2, and in compared to primary data, it is metadata in the
second degree.

5 and 6 — operational data — brings content to the consequences or causes of the
content of the context and shows the internal functioning of the context.

After classifying all data in the information, we give points to every data for
correctness and preciseness and then add up all the points for correctness and all the
points for preciseness so we get the overall result for is and pr. We multiply that sum
with the number of verifiable data (PP).

KV(g) = PP(is + pr) (10)

is — correctness of data (total points for all data in the information).
pr — preciseness of data (total points for all data in information).
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4.7 Informativeness

The type of data is important for calculating informativeness. Although terminol-
ogy [11] is not yet standard and fixed, typological neutrality as another implication of
the general definition of the information consequently gives us five types of data
classification. They are not to be understood exclusively or rigidly because, depending
on the sort of analysis and the level of abstraction adopted, the same data may fit
different classifications.

I=10-X (11)
X =1+ (SP/PRP) (12)

SP - secondary data.

PRP - primary data.

Taking 10 as the maximum for informativeness as regards the interpretations fol-
lowing the perspective stating that the more the probability of the message decreases,
the more its informativeness increases, but when the endpoint is reached, the statement
implodes — Bar-Hillel — Carnap paradox (BCP) - this is too informative to be true [10].
Despite the fact we did not include in this research the truth concept but the concept of
truthlikeness as the instrument we can work with, we cannot deny that the truth is one
of the essential goals of the relevant information. Accordingly, we expect that 1 (or in
our case 10) is too informative to be true, so we calculate everything under 10 using x as
the changeable element while defining change as the changeable proportion of the
secondary data in the number of primary data in the particular information.

By using the number of primary data as the basic data stored in a database and the
number of secondary data as the opposite of primary data that represents their absence
(anti-data), we tend to confirm secondary data also as a carrier of informativeness. In
this research, as Beard [19] writes, “(it) might be said that a system is any entity,
conceptual, or physical, which consists of interdependent parts and that a systemic
approach consists in trying to look upon things as a whole. We need to be able to
appreciate the importance of both ‘detail complexity’ and ‘dynamic complexity’ at the
same time.” We were obliged to translate the definitions of particular types of data. At
the beginning of the research, we defined types of data with regard to the event (zero
events or any following event). Going further, it showed that the more logical choice
would be to define them in relation to the context. Sometimes, we noticed overlaps by
getting the same or similar results. Nevertheless, the conclusion is that the right analogy
would be system-context and not system-event. If we look at the sentence in context
and if it is written after the event, known or unknown, it happened in the system, that
is, syntax or context. The share of secondary data in the number of primary data should
show a relationship between data omissions and data presentations.

A problem we could and should discuss here is how data is actually defined, but for
now, we are satisfied with the fact that it was done consistently throughout the whole
research. Also, as mentioned before, there are general uncertainties about this neu-
trality, so we can consider this procedure as one of the ways to test it.

Furthermore, informativeness was shown as a characteristic that does not have
much impact on deciding whether a sentence should be published or not. As theories
already show, it is an interesting concept for research and can be the source of deeper
insight, generally speaking, but we did not attach any major importance to it in the
practical aspect of this framework.
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5. Example

Within the theme framework, a media article is chosen. One example of matrix

analysis (third research phase) will be presented in this paper.

It is important to emphasize that this research has been done in Croatian, so slightly

different results are expected regarding the parts inherent to the specific language. It is
doubtful, nevertheless, that the coefficient of the variations would be significant.
Example presented here have been done in Croatian and here we see only translations of
them and not the adaptation to possibly different rules for the analysis in English.
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Nacional 518/2005.
“Two investigations against Nobilo”

1.From the article, one to two sentences will be picked based on the narrative
analysis as one or two of them are representative of the article as a whole.
Sentences in this research are considered as information. The context of the
sentence will be defined simultaneously.

“The ‘Dubrovacka banka’ affair heralded the beginning of the end of Tudjman’ ten-
year rule, but in a way, it was an indication for revealing the affair that followed:
‘Banks and the banking system can hide many secrets’, ‘If the adviser to the
president can lie and be related to crime, why could not it be the president himself?’
These are just some of the things that Croatian citizens have started to think about.”

Context: The Dubrovacka banka affair overthrew the all-powerful HDZ

2.The next step is defining the zero event as the event that is the motive of the

published article. If we talk about serial reporting, it is necessary to register
connected events which happen after the zero event and which are the motive
for the published article.

Oevent: 26.02.1997. A stored secret partnership agreement by which partners
were to become majority owners of Dubrovacka Banka without investing a
single kuna in shares

3. Using structural analysis, syntax analysis, and grammatical analysis, we extract

data from the information

Data 1 The Dubrovacka banka scandal signaled the beginning of the end of
Tudjman’s ten-year rule.

Data 2 The scandal was, in a way, a starting point for revealing the scandals that
followed.

Data 3 Banks and the banking system can hide many secrets.

Data 4 If the president’s adviser can lie and be involved in crime, there are
suspicions that the president could be doing the same.

Data 5 Croatian citizens have started thinking about banks and a banking system
that can hide many secrets.

Data 6 Croatian citizens have started thinking that the president could lie and be
connected to crime if he has an adviser who can lie and be connected to crime.

Data 7 Croatian citizens began to think of other things as well
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4.Counting the total number of verbs, nouns, and adjectives in the information

IGP = 34

5.Checking the verifiability of data

Nowadays the right to access information does exist, which makes more data
verifiable. The chosen article is from the beginning of the 2000s when other
criteria were applicable and we had to adhere to that. Here we found two
unverifiable and five verifiable data.

Data 1 The Dubrovacka banka scandal signaled the beginning of the end of
Tudjman’s ten-year rule — unverifiable.

Data 2 The scandal was, in a way, a starting point for revealing the scandals that
followed — unverifiable.

Data 3 Banks and the banking system can hide many secrets — verifiable.

Data 4 If the president’s adviser can lie and be involved in crime, there are
suspicions that the president could do the same - verifiable.

Data 5 Croatian citizens have started thinking about banks and a banking system
that can hide many secrets — verifiable.

Data 6 Croatian citizens have started thinking that the president could lie and be
connected to crime if he has an adviser who can lie and be connected to crime —
verifiable.

Data 7 Croatian citizens began to think of other things as well — verifiable

6.Classifying data

Data 1 The Dubrovacka banka scandal signaled the beginning of the end of
Tudjman’s ten-year rule — primary.

Data 2 The scandal was in a way a starting point for revealing the scandals that
followed — secondary.

Data 3 Banks and the banking system can hide many secrets — derivative.

Data 4 If the president’s adviser can lie and be involved in crime, there are
suspicions that the president could be doing the sane — metadata.

Data 5 Croatian citizens have started thinking about banks and a banking system
that can hide many secrets — operational.

Data 6 Croatian citizens have started thinking that the president could lie and be
connected to crime if he has an adviser who can lie and be connected to crime —
operational.

Data 7 Croatian citizens began to think of other things as well — operational

7.Quality of data

Data 1 The Dubrovacka banka scandal signaled the beginning of the end of
Tudjman’s 10-year rule — is.
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Data 2 The scandal was in a way a starting point for revealing the scandals that
followed - is.

Data 3 Banks and the banking system can hide many secrets — is.

Data 4 If the president’s adviser can lie and be involved in crime, there are
suspicions that the president could be doing the same - is, pr.

Data 5 Croatian citizens have started thinking about banks and a banking system
that can hide many secrets - is.

Data 6 Croatian citizens have started thinking that the president could lie and be
connected to crime if he has an adviser who can lie and be connected to crime —
is, pr.

Data 7 Croatian citizens began to think of other things as well — is

8.Informativeness

I1=10 —x (13)
x=1+1:1=2 (14)
1=10-2=38 (15)
6. Results
ST=5:7=0,71 (16)
R=(7+2)x0,71=6,39 (17)
KV(g) = (7+2) x 5 = 45 (18)
Kor=(45:34)x0x8=0 (19)

7. Conclusion

The optimal structure of media reporting on sensitive issues related to national
security would be the optimal amount of information to integrate the essential tension
between two contradictory demands. Although these are preliminary formulas, this
research showed that it is possible to think about a certain kind of quantifying infor-
mation in order to decide on its value. We aimed to do it by using the tools from the
information sciences mostly, but also by including basics from other disciplines, such
as related philosophy, logics, and language. There are still open questions and a need
to go further to the possible extent in order to resolve uncertainties.

Basic conclusions are formed as answers to research questions. 1) Semantic infor-
mation theory, understood in a broader sense where the segmented parts of the
theoretical framework were applied, is the appropriate framework in the described
scope for the analysis of the research problem. After the selection of units for future
analysis, segmented parts of the theoretical framework were applied. The aforemen-
tioned selection was done in accordance with the assessment of purposefulness, i.e., in
accordance with the estimated anticipation of the result’s usefulness in the context of
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the research goal. The value of this framework is most evident in its comprehensive-
ness, which opens up space for in-depth analysis of the information. The general
definition of information is certainly not a precise definition that excludes a lot of
items and reduces the definition of the term information to make it precise, but this is
a consequence of the nature of the object of definition. It would be unnatural, unsci-
entific, and unnecessary to define any term arbitrarily without one being able to
defend it, not only theoretically but also empirically. In this sense, a large number of
authors try to encompass the content in different ways described in the theoretical
analysis. Each of the definitions considered here has left its mark on the results of
analyses. Besides using the general definition of information in this framework, with
some adaptation, information can be defined as a subset of data or a subset of data
extended by an additional part deduced or calculated or refined from that subset. In
the original definition, Fricke [20] defines information as a subset of relevant data
together with the results of conclusions derived from that data, so it clearly follows
that the subset can be enlarged by additional parts that have been derived or calcu-
lated from the subset. In this research, the category of relevance is linked to informa-
tion, not data, but in its calculation relevance depends on the characteristics of the
data it consists of. The definition is therefore adapted to this default, and thus does not
lose its value and essence, contained in the word subset. That conclusion emphasizes
the cohesive-reductionist property of information.

The compatibility of the theoretical framework and empirically established rela-
tionships are manifested in the empirical finding that a sentence does not have to be
useful to be relevant. In other words, results were found for the sentence where the
usefulness was calculated to be zero, and the relevance to some value above zero, but
there is no opposite result. Usefulness directly depends on the time index, and in this
sense, the value of information is variable. However, if the time index is greater than
zero, its growth is more influenced by the average data quality. Relevance does not
depend on the time index; therefore, it is a conditionally unchangeable value of
information. A change in its calculation may occur due to an external agent that would
have an effect on the verifiability of the data that the information consists of. Infor-
mativeness does not depend on the verifiability coefficient and has no significant
effect on the test of publication of information. If there is no primary data in the
information, its informativeness is not affected by the existence of secondary data.
The level of informativeness is positively influenced by a larger number of primary
data compared to the number of secondary data in the information.

Foundations for further research have been established, and depending on one’s
interest, investigations could go in different directions. Some of them have already
been outlined in the text, and some are yet to be identified, but nevertheless, we have
results we can work with in the future by confirming them, improving them, or even
negating them.

Abbreviations

R Relevance of the information

Kor Usefulness of the information

KV(g) Average quality of data

GDI General definition of information

ST Truthlikeness of the information

PP Number of verifiable data in the information
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UBP Total number of data in the information
is Correctness of data in the information
pr Preciseness of data in the information

D Time index

I Informativeness of the information

SP Secondary data

PRP Primary data
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Chapter 7

Enhancing BIM through Mixed
Reality for Facility Management
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Abstract

Implementation of processes in facility management asks for coordination and
collaboration among several factors, each implementing its own sub-process. This
goal must cope with several challenges caused by the fragmentation of the AEC
(architectural, engineering, construction) industry. In the specific case of facility
recommissioning, further constraints are determined by limitations posed by the
current status of the existing facility whose knowledge is often limited to coarse
preliminary surveys. In this chapter, the benefits determined by the integration
between BIM and mixed reality will be presented, along with a prototypical platform
that realizes an efficient, distributed collaborative workflow enabling asynchronous
collaboration among members of the facility management office, the owner, the
design team and technical specialists that may be appointed in recommissioning
workflows. Technically, this approach provides an immersive mixed-reality environ-
ment capable of seamlessly displaying project information, through which specialists
can evaluate and refine different recommissioning options. In addition, the platform
supports on-site enrichment of BIM models for a facilitated, yet asynchronous, col-
laboration between remote and on-site users. This technology was validated by means
of real-life experiments regarding a hypothetical recommissioning project of the Con-
struction Division of the DICEA Department at Universita Politecnica delle Marche
(Ancona, Italy).

Keywords: facility management, asset recommissioning, BIM, AR/MR, mixed reality,
efficiency

1. Introduction
1.1 Facility management

Facility Management is inherently a management discipline that is articulated
within the context of a very broad and disparate set of technical-operational domains.
Consider in primis the areas of maintenance, energy efficiency and sustainability,
safety and resilience, organization and usability of spaces. In addition to these purely
technical areas, there is the economic-financial management of both current activities
and new construction projects. Finally, at the top of this challenging pyramid is
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perhaps the most important organizational aspect, the management of the quality of
the day-to-day service offered by facilities in relation to their intended use and their
ability to adapt to the sudden changes in the operational processes that take place
there. Today, the holistic and managerial view of Facility Management, therefore,
accompanies every phase of the building life cycle and represents a key competence of
construction management engineering [1]. Although many studies have highlighted
the importance of consistency and interoperability in FM, the processes used in
facilities still lack an adequate conceptual framework to support informed and data-
driven decision-making. Like any management activity, Facility Management is data
intensive. A correct, complete, and timely information flow is of fundamental impor-
tance for supporting decision-making processes, extending from medium-term stra-
tegic level decisions to the real-time management of events [2].

1.2 The BIM promise for the FM revolution

Building Information Modelling (BIM) can play a key role as an operational
framework for coordinating FM operations. BIM has the potential to enable the facil-
ity manager to manage the complexity of processes through a structured, referenced,
and easily accessible data flow [3]. The BIM data interchange structure is based on the
official Industry Foundation Classes (IFC) standard. An IFC model can map a com-
plete facility model, topography, and technical systems, including 3D representations,
structural design, and all technical features. In its possible extensions, IFC allows,
through the CoBie MVD [4], handovers management and the inclusion of manage-
ment data, such as maintenance plans, technical specifications, operating instructions,
warranty and service contract information, and costs. From an ICT perspective, the
use of a BIM-based operational framework in a cloud platform has the potential to
integrate and make enriched data (e.g., from energy simulations or predictive main-
tenance assessments) accessible to all stakeholders [5]. Finally, from the pure opera-
tional standpoint, the virtualization of the facility model allows the evolution of the
operational workflow through the use of new mixed reality techniques [6].

1.3 Integrating BIM into FM workflows

The multifaced influence of the BIM technology in the Facility Management oper-
ational framework requires therefore a careful analysis to meet operational require-
ments. FM mainly concerns assets and processes operating on assets. BIM integration
in FM cannot be limited to information mapping, e.g. [7] because this narrow scope
fails to capture the real FM perspective. Assuming a systemic view of FM processes,
the requirements analysis must identify the operational context, as the set of pro-
cesses, assets and services oriented to support one or more well-defined core pro-
cesses, and on this basis characterize the entire information profile, according to the
four fundamental qualities of an information profile:

* What information is to be processed,
¢ How it is to be stored and retrieved,
¢ Where it is to be stored,

¢ When it must be stored and used.
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In other words, to meet the operational requirements of FM processes, not only the
information content must be defined but also the way it is stored and retrieved as well
as the storage location. Consider, for example, the asset management process, in the
context of sustainable Facility Management. In a circular economy perspective, a
building component, e.g. a window or doorframe, has a life cycle that goes beyond the
simple usage phase. It is in fact produced through processes that tend to minimize the
use of resources, used in such a way as to guarantee the best performance in terms of
energy, and recovered as far as possible in its materials or sub-components after its
disposal from the FM cycle.

Therefore, the asset’s information life cycle, while intersecting to a large extent
with the life cycle the asset management information profile has a much more
extended scope, involving both the production and the recovery phases, themselves
complex processes with highly articulated information structures. This scenario is not
purely conceptual. In fact, it has a definite impact on the technology that manages the
information. The transition of information from one phase to another involves the
transition between different management systems. At the practical level of the con-
struction production system, given the quantity of materials and the diversity and
spread of manufacturers, this transition is difficult to manage through communication
between different information systems for the usual reasons of standardization of
protocols and accessibility. More effectively realized is the embedding of information
in the component itself through inexpensive RFID tags [8-10]. Ultimately, the inte-
gration of BIM-based technologies into FM processes requires the extension of the
simple mapping of information into the IFC interchange structures and the inclusion
of the entire process workflow, making explicit the specific operations that emerge
from the adoption of a particular technology in the operational process, especially for
on-site processes.

In the next Section 2, the scientific background concerning the integration
between BIM and advanced visualization techniques will be reported, with a
specific focus on mixed reality and applications to facility management. Section 3
suggests an efficient cooperative workflow enabling asynchronous interactions
between remote and onsite users in the Facility Management context. This is the
premise for the development of a prototypical web platform for Asynchronous
Collaborative Onsite Survey (ACOS), which is the subject of Section 4, where its
architecture, GUIs, alignment, and onsite apps will be reported. Experimental
results and remarks about the management of a recommissioning project in a hypo-
thetical real-life test case are then presented in Section 5. Finally, Section 6 ends this
chapter with conclusions.

2. Scientific background about mixed reality

The basic technology requirement for Mixed Reality (MR) systems is that they
provide a sensory, visually coherent set of stimuli. This is fundamentally different
from other competing or complementary technologies [11]. The conventionally held
view of a Virtual Reality (VR) environment is one in which the participant-observer is
totally immersed in, and is able to interact with, a completely synthetic world. Aug-
mented Reality (AR) is characterized by digital content superimposed on the users’
real surroundings; Augmented Virtuality (AV) involves real content overlapped on
the user’s virtual environment.
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In Mixed Reality, users are placed in the real world and digital content is totally
integrated into their surroundings so that they can interact with both digital and real
content, and these elements too can interact [12]. The basic elements of a mixed
reality environment are interaction, lighting, objects, and the real environment [11].
They involve both hardware and software issues, such as the technical performances
of head-mounted displays and scene reconstruction combining both real and virtual
content.

Building Information Modelling is being increasingly used in the construction
industry not only to produce n-Dimensions data-rich models but also to promote the
use of on-site models. This application can enhance communication among all stake-
holders. For this reason, BIM and visualization technologies, such as VR, are inte-
grated to create an immersive environment to be used for assessment tasks. Examples
range from site layout and planning to the evaluation of construction scenarios,
inspection, and maintenance. Indeed, VR broadens the vision of potential end-users
about what output to expect after the completion of the project [13]. The potentials of
improved visualization enabled by BIM have been discussed from several points of
view:

* interactive MR visualization can connect virtual models and digital planning
information based on BIM with the physical building or production site for self-
inspection and self-instruction; this means, respectively, that workers on-site can
check their own working processes and results in collaboration with others, and
that actors on-site can be provided interactive guidance to prevent incorrect
actions, even helping workers to rectify errors immediately, if any [14].

* BIM can provide technical information as integration of management functions
supported by computerized maintenance management systems (CMMS) that can
facilitate data collection and data entry, as well as visualization when and where
needed; more specifically, the technical office can update the inspector with
information from the database or can monitor and advice him/her by sharing the
inspector view; in addition, data collected by an inspector operating on-site, such
as defects and their attribution, can be saved in the database and immediately
shared with the technical office [15].

* data from different sources can be linked within a BIM environment, provided
that a platform for big data management has been put in place; then, several
layers devoted to data extraction, integration, analysis, and man-machine
interoperability can facilitate several tasks in the facility management where
operators are usually involved, such as interacting with asset data in a 3D
environment [16].

As an additional application, advanced visualization provided by AR in a BIM
environment has been used as a tool to enable untrained individuals (ranging from
professionals down to unskilled personnel) to complete construction tasks [17]. These
tests found out that the use of such a technology can be of great advantage for all the
considered categories of workers, with some limitations to the simplest tasks for the
under-trained individuals.

Overall, mixed reality setups can allow the generation of distributed collaborative
construction processes, where personnel located on remote sites and equipped with
smart see-through glasses cooperate in the construction of a virtual 3D model combining
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tangible and virtual objects. Such a collaboration environment is characterized by mul-
tiple client instances, each of them defining the environment which will run at a remote
site. Those instances must communicate via a middleware allowing data flow
concerning three main types of data: real objects incorporated by means of the user’s
scene visualization; virtual objects and information that are retrieved from the con-
struction model and relocated to the remote site; the gesture recognition component
that informs about physical interactions with virtual objects [18, 19]. Another specific
application involves a BIM system, coupled with AR and integrated with a location-
based management system, to provide context-specific information on construction
projects, as well as evaluation of performance indicators on the progress and execution
of construction activities. Such information is displayed within head-mounted displays
put on by managers while they are walking through the construction site [20]. The main
challenges addressed by the authors are the integration between BIM and the develop-
ment environment, and the interface of position systems in the BIM environment.

The target of the solution showcased in the present contribution is to improve the
efficiency of planning renovation actions in asset management. This might concern both
repairs of built assets and replacement or changes of building sub-systems and compo-
nents [21]. More specifically, the data exchange processes described in the next para-
graph can be made more efficient thanks to enhanced collaboration between the
technical office and on-site personnel. In order to successfully apply MR technologies in
the field of FM, the full integration between reality and virtuality is required. The users’
perception of the real environment can be improved by showing information that users
cannot directly acquire otherwise. One essential requirement to use MR technology for
on-site FM purposes is the alignment of the virtual BIM model so that it perfectly
matches its physical counterpart [22]. Some applications (e.g. Trimble Connect [23, 24])
support model alignment functions. In the following of this chapter, four methodolog-
ical and technical challenges will be tackled. The first one concerns the development of a
workflow supporting recommissioning in facility management. The second one reports
the technical development of a web platform facilitating collaboration in facility man-
agement, which is an extension of some technology developed within the H2020 EU
project Encore (Id:820434) [27]. The third challenge presents the details of a technique
to align virtual models over virtual facilities during on-site surveys. Finally, the use of
the platform is showcased in the case of a hypothetical recommissioning project.

3. Workflow and information model

In order to fully exploit the potential of novel technologies, it is of paramount impor-
tance to have a clear understanding of how they impact existing workflows, understand
what tasks are eased or even automatized, and who will benefit from such innovation. In
the following, the workflow of Facility Management is described as a collaboration among
several actors, each implementing its own process. Next, the activities that are supported
by the presented approach are exploded and analyzed in detail.

3.1 Workflow for facility management

Recommissioning can be described as the interaction among three main actors: the
client, the facility management office, and the design team. The former is responsible for
expressing the project needs, allocating the budget for the project, and has the final
word about which design should be accepted among the several alternative ones.
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The facility management office receives the needs of the client and through careful
analysis, the process isolates the set of requirements that the recommissioning must or
should meet in order to satisfy the client’s needs. Such requirements express both
technical constraints or desiderata (e.g. as in the case of seismic or energy retrofits) as
well as non-technical ones (e.g. as in the case of budget constraints or safety regula-
tions).

The facility management office is in charge of managing the overall
recommissioning project and coordinating several technical specialists on behalf of the
client. Most of the time, indeed, the latter is not able by itself to identify how the many
possible technical solutions may impact the ability to meet the desired needs. In the
recommissioning workflow, a tight interaction between facility management office
and one or more design teams is needed. For the sake of simplicity, and without loss of
generality, in this work, it is assumed that there is only one design team responsible
for producing the desired design options. Finding the best design, that is able to satisfy
the client’s needs, is an iterative process. One attempt is never enough, and thus
usually a sequence of design options is produced by the design team and then assessed
by the facility management office. The main purpose of this loop is only the design
team and the facility management office and its purpose is to set a great amount of
technical and non-technical details, ruling out solutions that do not fit in the client’s
budget or that do not meet the client’s needs. Usually, after some attempts, the design
team and the facility management office agree that a small set of the produced design
options meet all the relevant requirements, and the facility management office decides
that they are ready to be presented to the client which in turn is in charge of selecting
the final design (Figure 1).

Even the process of selecting the final appointed design can be iterative, since the
client can ask the facility management office and the design team to provide different
solutions, thus causing a new round of generating new design options and assessing
them. If the presented design options, on the other side, satisfies the client’s expecta-
tions, the client itself is able to select one of them as the appointed design, thus passing
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Figure 1.
Recommissioning workflow.
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it over to the next steps (e.g. involving a call for tender, selecting the constructor
company, executing the designed project, and so on).

The degree and quality of the interaction among the involved parties in the
workflow strongly determine the realizability of the overall recommissioning project
and the quality of the final renovated building or infrastructure: on one side, each new
loop between the client, the facility management office, and the design team may
introduce a delay in the project schedule; on the other side, a superficial assessment of
the design options may speed up the project schedule in the first stages at the cost of
overlooking significant design flaws that will be caught only at execution phase,
causing increments of the project costs and even greater delays in the overall project
schedule.

This motivated the definition of the aforementioned methodology called ACOS,
assisting the parties during two critical steps of the overall recommissioning
workflow, viz. the design assessment involving a tight interaction between the facility
management office and the design team, and the final design selection, which involves
a tight interaction between the client and the facility management.

3.2 Workflow about the usage of the information platform

The ACOS platform usage workflow depicted in Figure 2 begins with the facility
management office creating a recommissioning project in the platform itself,
collecting the requirements elicited analyzing the project needs as expressed by the
client. The recommissioning project is then shared with the design team, which in
turn is required to produce and upload design options that should meet the given
(technical as well as non-technical) requirements.

The design team usually works with a wide range of BIM authoring tools in order
to produce design options. The ACOS platform is compatible with all the BIM
authoring tools that can export the produced design options as IFC files. For every IFC
file, a new design option can be created in the ACOS platform, within the given
recommissioning project, and the IFC file is uploaded into the just produced design
option. Once the IFC dataset is imported, the platform triggers an automatic conver-
sion service extracting two different pieces of information from the IFC file: on one
side, a 3D model representation is saved as a GLTF object, while on the other side a

Regisier N
T
3}

Cremz aTos
et

-t

cURmE  aeoH

PrTT——

[rrr A< €in-Skn ki e Felang i citho the Frci by anngement (i ne e Gk Tonm, a1k ean s b ihe Gl sl

Figure 2.
The ACOS platform usage workflow.
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JSON document represents the graph of objects contained in the IFC model (walls,
windows, doors, furniture, ...) together with their properties and relevant IFC meta-
data (e.g. the GUID identifying each object). After this stage, the facility management
office or any appointed technical specialist can go on-site, wear the MR headset and in
turn exploit WiFi and Internet connectivity in order to select the design option that
she wants to assess directly on site.

Once the onsite user assessing the project has some comments to do about one or
several components, he/she can point at them exploiting the capability of the MR
headset of interpreting the user gestures and start recording an audio comment as an
MP3 file which is then uploaded onto the web server and linked to the pointed GUID
of the assessed design option. The uploaded comment will be wrapped onto an anno-
tation that in turn is linked to the specified GUID of the current design option. The
assessment activity ends when the facility manager or technical specialist in charge
has no more notes to leave.

Let us underline that while it is very likely that in medium or big organizations the
client does not show up on the site of the building or infrastructure to be
recommissioned, nothing prevents the clients from using the same technology in case
they want to assess in first person the options that have been designed. In this case, the
client can wear the same MR headset, add annotations and contribute to the BIM
enrichment process that will link extra information to the objects present in each
design option.

Remotely, both the remote users of the design team and the facility management
office, as well as the client itself, are able to access the web interface of the platform,
display the 3D representation of the enriched BIM, and listen to the recorded annota-
tions. The enriched project information model obtained using the ACOS platform
becomes a key enabling factor for increasing the quality of interaction among clients,
facility management office, design team members, and appointed technical special-
ists. This in turn translates to a better recommissioning process and helps intercept
design flaws during the early stages of the overall recommissioning project, reducing
the cost of fixing them.

4. Technology implementation
4.1 Architecture

The ACOS methodology has been implemented on a platform whose architecture
is depicted in the UML component diagram in Figure 3. One of the main purposes of
the platform is to ease the collaboration between two types of users: Remote Users
and On-Site Users. The former has at its disposal tools to be used on a desktop
computer, while the latter can work on the field using wearable devices such as an
MR headset and mobile devices such as a smartphone or a tablet. The synchroniza-
tion among the tools is made possible using Internet and JSON web services
implementing a RESTful API. The latter offers a unified view of the information in
the system, allowing all the distributed tools to access the most updated information
available.

The components in the server are deployed realizing a microservice-based archi-
tecture, where each offers a separate service and runs on a separate environment
called container. This architectural pattern has several known advantages that pay
back for the added complexity required in the configuration phase.
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Aprchitecture of the ACOS platform.

First, running services on separate containers make each of them more secure and
able to protect its own datasets from intruders or non-authorized users trying to steal
sensitive information about the managed projects. Second, the architecture is more
scalable and can rapidly migrate from deployment on a single server to deployment on
a pool of servers where each component runs on a separate machine, globally achiev-
ing higher performance levels. Third, it eases the maintenance activities of the ser-
vices themselves over a longer period of time, because each service can be replaced by
any other better implementation of the same service, as long as the service interface is
respected by the new implementation. Fourth, services running in containers gener-
ally ensure a higher availability to the service clients, because one of the main charac-
teristics of containers is that they can be easily programmed to be restarted even when
critical errors happen, thus limiting the disconnection time for each service and
allowing to reach the so-called “five-nines” availability target, i.e. ensuring that a
service is up and responding for 99.999% of the daytime.

All the aforementioned features are very desirable for cloud-based architectures
that may transition from being a prototype in a test environment to being an actual
business service in a production environment.

The platform organizes information in objects known as entities that are stored
persistently on a database. Each entity has a type, called entity type, and entities are linked
among themselves through relations. Figure 4 is a UML Entity-Relationships diagram
documenting the core entity types and relations used to implement the platform.

The core entity types are Users, Projects, Design Options, Conversions, Annotations,
NFC Tags, and NFC Readings. An instance of User stores some basic metadata about
the users allowed to access the platform, in order to implement standard authentica-
tion and authorization mechanisms (e.g. username, password, first and last names,
contact information, ...). Projects store information concerning the overall facility
management project (e.g. project name, owner, contact information, project begin
and end dates, ...). Design Options are developed by the design team using their
favorite authoring software tools, and can be updated in the form of IFC files on the
platform. Conversions store the 3D object model in the form of a GLB/GLTF file
together with a JSON representation of the product objects that are described in the

113



From Theory of Knowledge Management to Practice

@ User

* username : text

first name : text
last name : text

M ki *
e ' g
-7 4 X
A
@ Project @ DesignOption | @ FileConversion
e uuid : text | SRl Kaxt * uuid : text
name : text a'::)h:;;“j:;'_a;';i{ f;;t»“ﬂ(” author_username : text «FK»
owner : text Ea“ﬁe Taur created : datetime
manager_username ; text «FK» e 3d model : GLB/GLTF file
location : text created : datetime objects : JSON file
: l-o< model : IFC file b ’
£
X ™
i 1
@ &
N M
- NFCTag ® Annotation
‘ (B) NFCReading I /
- ® serial_code : text ® uuid : text
1 * id : number sgenerated» project_uuid : text «FK» author_username : text «FK»
\when : datetime producer : text design_option_uuid : text «FK»

| tag_serial_code : text «FK» #-G< IFC GUIDs : list «text» created : datetime

Figure 4.
Entity-Relationship UML diagram of the data model implemented by the platform.

original IFC file. Both the GLB/GLTF file, as well as the JSON file, are generated
automatically using the IFC Converter component described in the architecture.
Annotations wrap audio files recording the comments of On-Site Users expressing
their opinions about specific objects of the IFC model they are assessing. The IFC
object is referred to through its GUID, detected when the user points to a virtual
object in the AR/MR Headset App. Finally, NFC Tags store information of each tag
deployed on the facility that is used to complete the model alignment procedure, while
the NFC Readings store the serial identifier of tags that are scanned using the Mobile
NFC Scanner, as well as the timestamp of the scan operation. Later, in Section 4.3.1, it
is explained in further detail why, for alignment purposes, it is more suitable to rely on
NFC tags rather than other RFID technologies.

4.2 Desktop/remote tools

Through their desktops and browsers, Remote Users access the Web Application
through a web GUI obtained by combining HTML and Javascript. The Web Applica-
tion component is realized using the Python Django framework and is deployed on the
server. The purpose of the Web Application component is to generate the web GUI
that the Browser displays to the user.

The web GUI allows the Remote Users to access the Web Application entities
(projects, design options, ...). Different users can have different privileges over the
platform, and thus they can see or modify different entities, depending on the autho-
rization they have been assigned to. For each entity type in the platform, the user has
several operations available: list all the entities of the given type, search and filter the
list of entities, create a new entity, change an existing entity, and delete an existing
entity. In Figure 5 the Remote Users can see the available entity types they can
operate upon, while in Figure 6 the same users can edit a single entity, in this case, an
Annotation containing an audio comment uploaded from the On-Site User through
the AR/MR Headset and linked to the IFC GUID the comment is referring to.
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The web GUI shows the available entity types to the Remote User.

4.3 On-site tools
4.3.1 The alignment tool

For successfully applying mixed reality technologies on field, the full integration
between reality and virtuality is required. In MR devices, this integration requires a set
of enabling technologies [25, 26], namely: displays, calibration, tracking, registration,
and interaction. Among these, the tracking and registration tasks are the most chal-
lenging and play a key role in Facility Management. Tracking task is strictly connected
to the registration problem, which aims to achieve a precise real-time alignment
between virtual and real elements. Especially indoors, due to the absence of an abso-
lute tracking system, there is an unknown offset between the coordinate system of the
virtual model and one of the 3D representations of the environment.

Feature recognition could be exploited for tracking and registration tasks when the
visible features can be exactly matched with the virtual model, but this is not always
the case, for instance during building construction. The currently adopted approaches
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The web GUI allows to view and edit a single entity (in this example, of type Annotation,).

for addressing the registration issue by the commercially available devices, such as
Trimble™ XR10 for Microsoft™ HoloLens, are the semi-manual alignment and the
markers-based one. The first method consists in aligning any two surfaces in the
model with the corresponding real ones. Then, a manual scaling and rotation of a cube
for fine-tuning are required. This method produces a rough but acceptable alignment,
provided that two conditions are fulfilled. First, the user must be aware of his/her
position in the virtual space; secondly, he must be enabled to visually select any item,
even those usually hidden by other holograms. Moreover, such an alignment method
can be applied only with reference to virtual elements that have their physical and
stable counterpart in the real world. Such requirements could be hard to meet in AEC
scenarios that continuously evolve (e.g. during work progress) and may not offer
stable references. The markers-based alignment method overcomes those issues by
aligning the BIM model based on the user position, retrieved by scanning a real and
visible marker, e.g. a QR code or a target image, having its virtual replica [23, 24].
Although the correctness of visual markers’ positions must be verified before each
scanning, this method ensures a pretty good model alignment.
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In this chapter, the Microsoft™ ™ HoloLens 2.0 device is adopted for addressing all
the above MR requirements, except for the registration that is achieved by means of the
tracking capability of the MR device, together with an offset elimination procedure
(that we call model alignment) that must be implemented for each specific model. The
developed approach uses RFID tags together with a handheld device (e.g. a
smartphone) capable of reading them. We assume such tags have been previously and
once for all embedded in the building (e.g. during the construction or during the first
on-site survey). They can be also embedded in building components thus making them
not visible and persistent through the whole building life-cycle. In addition, this
approach overtakes the need for having the real counterpart of a virtual element, which
is compulsory for the manual/semi-manual alignment methods. This improves and
generalizes the alignment process both in terms of efficiency and quality of results.

Various RFID technologies can be exploited for model alignment, but MIFARE-
type (ISO/IEC 14443A and ISO/IEC 14443) Near Field Communication (NFC) family
tags have several advantages over others: they can be read only at short distances, thus
allowing their location in space to be more accurate (within a few centimeters); they

Figure 7.
First-person view of the expert while reading an NFC tag.

117



From Theory of Knowledge Management to Practice

do not require batteries since they are passive and powered by the reader; both the tag
and the reader are very small and inexpensive compared to other technologies; fur-
thermore, their packaging can be very strong and durable, thus allowing persistent
incorporation within building components. The counterpart of the first advantage is
the need to know almost exactly where they are located in order to read them, but this
problem can be overcome by including them under small notable elements (e.g., near
corners) or under nameplates usually attached to certain elements (e.g., doors, equip-
ment, electrical panels, etc.).

Alignment of models with the physical world is made by means of a visual localiza-
tion of the handheld device when reading a tag and calculating its relative position w.r.t.
the model (Figure 7). The offset between its position in the model and its actual
position is used for aligning models over the physical world. When the NFC scanner
embedded in the mobile detects a NFC tag, it sends a request to the RESTful API to save
a new NFC reading entity. The latter stores the tag serial code together with the
timestamp of the reading event. If the communication with the RESTful API is success-
ful, a target image is shown on the display of the mobile that is recognized by the MR
application that precisely and rapidly localizes it in space b¥ exploiting capabilities of an
AR engine; in our application, we have embedded Vuforia™ engine for this purpose.

Since the detected distance from the observer is highly sensible to scale variations
of the target image, only the observer direction is used for image detection and the
actual distance is measured by exploiting the raytracing capability of the MR headset.
The resulting position is then always snapped to the observed surface regardless of
image scaling issues.

The alignment procedure based on NFC tags assumes that at least two NFC tags
have been placed in known positions in the BIM model of the building with their
GUID as identifier. The same tags must be registered in the web GUI under NFC tags
in order to link the GUIDS with the serial codes of the corresponding tags.

For the sake of simplicity, but without loss of generality, the model is assumed
horizontal since the inertial sensors of the MR headset are usually accurate enough to
ensure this. Therefore, the remaining degrees of freedom to align the model with
reality are just four: three for translation and one for rotation around the vertical axis.
This implies that just two reference points are enough to perform alignment: the first
point allows to translate the model and the second one is used for rotating it.

In the beginning, the loaded model is placed in position P with respect to the right-
handed reference system of the MR device. When the image target is visually detected
for the first time, its position in space i; is returned by the MR headset and the
handheld device sends the serial code of the NFC tag to the server for matching it with
the model and retrieving its GUID and the position of the tag?; in the model. Since the
two positions should overlap, the first alignment operation is a translation of the
model by the detected offset P = P + (iy — t7).

Then, the user looks at the second image target in position i, at which corresponds
to the tag in position ¢, in the model. The distance vectors among a couple of image
targets in reality 751==i, — i1 and a couple of tags in the model ,1=t, — t; are then used
to determine the rotation that overlaps also the second tag. The horizontality assump-
tion allows us to project them to the horizontal plane and to perform just a rotation
around the vertical axis.

By denoting the projections of vectors iy and £ on the horizontal plane with iy
and 7,1, and by defining their unit vectors i=iy /||iz1|| and t=f»1/ ||tz respectively, the
rotation matrix that rotates i onto 7 by a counter clockwise angle @ is given by

118



Enhancing BIM through Mixed Reality for Facility Management
DOT: http://dx.doi.org/10.5772 /intechopen.106186

c - 0

R= s ¢ 0 ||, wherev=i x f is the cross product of the two unit vectors with
0 0 1

module s=||v|| = sin6, c¢=i - = cos@ is the dot product of the two unit vectors.

Since the two vectors are applied to a common point #; = ¢; generally not placed at
the origin, this pivot point must be placed at the origin before rotation by applying
translation P’ = P’ — t;, then the model must be rotated with rotation matrix R
(eventually regularized by the use of the corresponding quaternions), and at the end,
it must be translated back to the original position by P’ = P"" + t;. Due to unavoidable
uncertainties, the distance between the image targets will always be slightly different
from that one between the tags in the model. Once the planes containing the tags and
the one containing the image targets overlaps, the two remaining degrees of freedom
are used to fine-tune the position of the model by moving it along this plane in order

to minimize the distance among the two couples P =P+ (i—1)/2

In order to avoid unnecessary computational burden, for the implementation in
the MR device, all the transformations are done on a not rendering dummy game
object and, only at the end of the alignment, they are applied to the building model. In
case more than two reference points are detected, the procedure can be repeated by
considering the most significant couple of tags (e.g. the last two or the farthest). A
regression approach can also be implemented for progressively refining the alignment
when many tags are considered simultaneously.

4.3.2 The MR app

The MR application for Microsoft HoloLens has been developed under Unity3D
2019 environment with Microsoft Visual Studio 2019 and Mixed Reality Toolkit
(MRTK) for Unity. The on-site app is a client for the ACOS server that hosts all the
information used and produced by it. As reported in Section 4.2, at least one project
and one design option must be loaded via the remote tools into the server and the
corresponding “Conversion” entity must be generated.

The assessment task starts as soon as an expert gets on site and establishes Internet
connectivity. Then, he/she wears the MR headset, logs in into the device and runs the
app. At this time a virtual menu appears in front of the user that is enabled to switch
across different alternative options by selecting the desired project (Figure 8a) and,
within it, the desired design option (Figure 8b). After the selection of the design
option, the MR app queries the RESTful API for the related "Conversion" entity
(GLTF object and JSON document). Once the download has been completed, the
“Assessment menu” pops up (Figure 8c) for managing the loaded model that is not
displayed on the MR app, yet. This menu is made of several virtual buttons that allow
the user to manage the model, align it via RFID tags, adjust it manually, or to hide/
show specific IFC categories of objects. As shown in Figure 8c, by using the buttons in
the last two columns of the menu, any components corresponding to pre-defined IFC
types can be hidden/shown in order to keep visible only those parts of the renovation
options that are useful to perform the assessment task and to hide objects that may
obstruct the observer’s view with respect to model parts to be assessed.

Moreover, every component of the virtual model can be selected by gazing it and
performing an “air tap” gesture. The selected object is highlighted, and a new virtual
menu is shown (the “Recording menu” of Figure 8d) that enables the user to record a
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Figure 8.
Main menu to select the project options (a) and design options (b); the virtual menu to navigate on-site (c) and to
attach an audio comment to an IFC object (d).

voice comment as an audio file. Once the recording phase is over, the file is sent to the
ACOS server together with the GUID of the object at which it should be attached, and
it is shown as an available file on the right side of the “Recording menu” (Figure 8d).
As a result, the final assessment of a design option will be made of a set of Annotation
entities attached to IFC elements of the available design options. Each such entity
wraps an audio file that can be played back both on-site by technical specialists, using
the MR application, as well as remotely and asynchronously by the facility manager,
using the web GUL

5. Experimental results
5.1 Case studies

This ACOS web platform can support various types of case studies that have been
tested by the authors. Among them, it is worth mentioning:

1. productivity improvement in maintenance processes, thanks to on-site localization
and visualization of components, retrieval and display of information relevant for
repairing; previous tests regarding a scenario of potential failure of a
communication plug in an office room showed that, once the virtual model of the
communication system has been aligned over the real asset, an operator using the
MR app and aiming at the switch-board, can query the model to single out which
switch in the board is connected to the failed plug [27];

2.enabling the asynchronous cooperation between designers and specialists
involved in the assessment of a set of alternative renovation projects of
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residential buildings, which asks for the evaluation of some factors that can be
assessed only through on-site surveys; in particular, a group of volunteers was
committed to test how efficient an MR application is in the on-site display of
renovation design options regarding a residential building located in Caceres
(Extermadura, Spain); those renovation options were assessed and some
constructability issues were found and fixed in order not to hamper the
execution of renovation works [28];

3.this paper section reports real-life tests regarding a facility management scenario,
carried out in the construction division laboratory of the DICEA Department at
the Engineering Faculty of Universita Politecnica delle Marche (Ancona, Italy);
these tests highlighted the validity of the automatic alignment approach carried
out by means of the alignment tool; in addition, appointed technical specialists
were shown to be able to check and enrich models of recommissioning projects of
the asset, and gradually enrich and refine such models by wondering throughout
the asset and generating annotations.

More specifically, the last scenario mentioned in the above list concerns the
recommissioning of two laboratory rooms of the Construction Division at the DICEA
Department (Figure 9a). Such a recommissioning involves three categories of actions:

* installation of a new air supply system in both rooms and modifications of the
ceiling;

* construction of a new partition that creates a new shared entrance room leading
into the two laboratory rooms;

* installation of two doors as the new entrances into the laboratory rooms.
The changes listed above are also depicted in Figure 9b, where the addition of a

new shared entrance with two doors and the new air supply system are visible in the
model. Both models have been uploaded on the web platform as shown in Figure 10a.

(a) (b)

Figure 9.
Current layout of the two laboratory rooms (a) and renovation model (b), both developed in a BIM authoring
software tool.
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Comparing the two sides of Figure 9, possible critical issues that might emerge
after an on-site assessment may relate to conflicts between the new partition and
secondary elements of existing electrical and communication systems (e.g., switches
and plugs). Also, the installation of the new modular partition requires that connec-
tions with existing prefabricated modular wall panels have been put in place, that
must be constrained at specific locations and that may intersect other non-compatible
elements. In addition, unacceptable clashes between the new partition, the air supply
system and other systems accommodated in the ceiling panels may be detected. From
a functional point of view, the size and relative positions of doors must be assessed in
relation to the actual use of the shared room. In this regard, an immersive view, as the
ones shown in Figures 10b and 11a, is required. In particular, the view in the second
picture is able to show a clash between the virtual air inlet included in the
recommissioning and the existing light appliance embedded in the ceiling. Finally,
Figure 11b shows how the operator usually relates with the environment where he/
she is immersed, thanks to the capability of selecting components and enriching them
with annotations. In other words, this case study allowed developers to test the
reliability of a step-by-step enrichment of the initial recommissioning model with
specialists’ opinions and other information helpful to refine it and converge towards a
correct and approved version of the model.

o

i
FYERE

H

i

(a)

Figure 10.
Alternative design options uploaded on the web service for each project (a), and first-person view of the operator
while wandering in the voom and looking at the “Renovation Demo” design option for “UnivPM” project (b).

(a)

Figure 11.
First-person view of the on-site operator while checking a clash (a) and while recording an annotation with audio
comments about the observed clash (b).
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5.2 Assessment of results

As described in the previous section, the case study concerns two laboratory rooms
of the DICEA Department at the Engineering Faculty of Universita Politecnica delle
Marche (Ancona, Italy) (see Figure 9a). For some reason, the dean of the faculty (the
client) presents to the facility manager office the need to renovate the two rooms by
creating a new shared room before the entrances of the two rooms, by installing two
new doors in the new partition and a new air supply system.

The FM office, using the Desktop/Remote tools (see Section 4.2), creates a new
project and registers the two NFC tags already placed inside the building by means of
the web GUI in Figure 5. After an appropriate selection procedure for the design
team, it hands them the requirements and a reference BIM (Figure 9a). This model
also includes the NFC tags embedded in building components; in this, a couple of tags
have been embedded in each partition wall.

After some time, the design team produces a design option (Figure 9b) that is
submitted to the facility manager for approval. The latter uploads this option into the
previously created project (Figure 5), and this event triggers IFC conversion into 3D
holograms. The facility manager tells a technical specialist to evaluate the
corresponding solution directly on site and provides her/him with a summary of the
evaluation task (e.g. drawings with annotations in PDF format) in which tag locations
and major renovations are highlighted.

The technical specialist, as soon as possible, goes onsite with the MR headset and
the smartphone, selects a project among the available ones and then loads the renova-
tion option through virtual menus depicted in Figure 8a and b. With the support of
the drawings, It looks for the first NFC tag by sliding the smartphone over the wall
and, when this displays a target image, the MR app surrounds it with a transparent
blue square (Figure 7) and the user makes a tap gesture on it in order to lock the tag
and store its position. Then, the same procedure is repeated for the second one (see
Section 4.3.1).

After the second tag is locked, the holograms of the design option are automatically
displayed superimposed on reality and the technical specialist is in an immersive view
(Figure 10b). Wandering inside the building, the user checks the location and
appearance of the new partition wall and door inside each room. He also checks that
the new furniture does not interfere with the door opening space and wall plugs,
which are not modeled in the IFC file. Then, he hides the countertop holograms (by
air tapping the corresponding button of the virtual menu in Figure 8c) to uncover and
check the new ventilation system above it. He notices that a ventilation outlet partially
overlaps an existing light fixture (Figure 11a) and decides to leave an annotation for
the facility manager. By making an air-tapping gesture on the socket, this object is
highlighted and the recording menu is displayed (Figure 11b); then the operator
selects the microphone button and starts talking.

After some time, the technical specialist decides to close the assessment as no
problems with the other elements are detected. The facility manager, notified by the
specialist of the conclusion of the assessment, opens up the Desktop/Remote tool
(Figure 5), selects the “Annotation” entities, and checks the results of the assessment.
By exploiting the embedded viewer, the user can browse the construction elements
with annotations and listen to the audio comments by using the multimedia controls
and the model viewer in Figure 6. The facility manager then asks the design team to
fix the problem and to provide a new solution that could be eventually object for new
assessment.
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When the design options are finalized, the client itself can ask for an on-site
survey in order to better evaluate the proposed solutions and to better make the final
decision.

It is noteworthy that, as is often the case, due to lack of information at the design
stage, the problem was only discovered on site. In fact, many elements of the building,
such as lighting fixtures, plugs, etc., are fully defined only as built and are subject to
many changes during the building’s life cycle. Since time and resources are always
limited, it is not possible to capture all the details of the existing building during any
preliminary surveys. This case study demonstrates that this situation is successfully
solved by the ACOS platform, avoiding future constructability problems of the
planned renovation and improving the final result in terms of execution time and
quality.

6. Conclusions

One of the tasks of facility managers is the adaptation of facilities to the sudden
changes they may undergo over their everyday operational process. This may trigger a
recommissioning process that involves several parties, each implementing its own
process, all steered by the facility management office. In order for this process to be
successful, the ACOS platform implements mixed reality technology in a BIM envi-
ronment to generate distributed collaborative construction processes and to ensure a
timely information flow and enhanced collaboration among the parties. Technically,
an information platform and an MR application supporting the most critical steps of
the workflow were developed. The platform enables asynchronous collaboration
between remote users (e.g. facility manager and owner) and on-site users (e.g. tech-
nical specialists). Thanks to the mixed reality app, appointed technical specialists can
work in an immersive environment to enrich and refine BIM recommissioning pro-
jects directly on-site. Then, the outcomes of this task constitute the basis for the
decision-making process charge of the manager and owner. Validation tests showed
that the ACOS platform allows a better assessment process for the recommissioning
workflow; it helps intercept design flaws at the early stages of the workflow and, as a
consequence to that, it reduces efforts and costs involved in the recommissioning
process.
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Chapter 8

Knowledge Dynamics: Educational
Pathways from Theories to Tangible
Outcomes

Saba Qadhi

Abstract

In the intricate dance between theory and application, “Knowledge Dynamics:
Educational Pathways from Theories to Tangible Outcomes” delves into the
transformative journey of knowledge from conceptual understanding to action-
able execution within educational settings. This investigation highlights modern
education’s progressive pedagogical approaches and methodologies to address the
disparity between theoretical knowledge and its practical implementation. This
story emphasizes the need to cultivate flexible learning environments by thor-
oughly examining case studies and analyzing current trends. These educational
settings provide students with fundamental theories and enable them to develop
the necessary abilities and self-assurance to use this information effectively in their
specific areas of study. This chapter is a crucial resource for educators, policy-
makers, and scholars who seek to effectively manage and enhance the dynamic
relationship between theory and practice within the ever-changing educational
environment of today.

Keywords: education administration, knowledge era, education systems, educational
policies, adaptive learning

1. Introduction

The educational environment is experiencing a significant shift, driven by tech-
nological developments and the growing need for practical skills that align with the
constantly changing job market. Consequently, there is an increasing trend toward
reassessing the longstanding conflict between theory and practice to achieve a harmo-
nious equilibrium that equips students with a comprehensive grasp of concepts and
the ability to apply them in practical scenarios [1]. The idea of “knowledge dynamics”
involves the dynamic and fluid transition between different forms of knowledge,
emphasizing the importance of educational pathways that balance a solid theoretical
foundation with the ability to generate practical and significant results [2].

Theories serve as a fundamental basis for comprehension and a structure for
analytical reasoning. However, it is via practical implementations that these ideas
are examined, questioned, and frequently enhanced. According to Fullan and Scott,
the task involves establishing an educational setting where students can seamlessly
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transition between theoretical concepts and practical applications. This approach
aims to cultivate a more comprehensive and well-rounded comprehension of the
studied subjects [3]. Furthermore, considering the increasing complexity of global
challenges such as climate change, public health crises, and socioeconomic inequality,
educational institutions need to modify their curricula to incorporate the skills and
knowledge required to tackle these issues [4].

This chapter aims to investigate the developing methods, approaches, and
technologies that enable a smooth transition, utilizing illustrative examples and
case studies from diverse educational sectors across the globe. By doing so, the study
aims to offer educators, scholars, and policymakers’ valuable insights and recom-
mendations to improve the effectiveness and pertinence of current educational
practices.

2. Theoretical background

Knowledge dynamics is grounded on recognizing that knowledge is not fixed but
undergoes constant evolution through its interactions with many elements such as
technology, culture, and societal demands. According to Drucker [2], knowledge has
been highlighted as the paramount economic resource in the post-capitalist society.
This perspective underscores the shift from conventional capital and labor to learning
as the principal catalyst for productivity and expansion.

The phrase ‘knowledge dynamics’ inherently implies the presence of motion,
development, and transformation within the knowledge domain. According to
Robinson & Lee [1], within the realm of education, there exists a notable change in
the paradigms governing instructional methods and knowledge acquisition. This
underscores the necessity for an educational strategy characterized by flexibility and
adaptability. This method encompasses the transmission of academic knowledge and
the cultivation of creativity and invention in learners, equipping them with the neces-
sary abilities to traverse a dynamic and constantly evolving world.

Tapscott & William’s study [5] argued that a more nuanced exploration of their
interplay can challenge the conventional perception of a strict dichotomy between
theory and practice. However, it is essential to note that a continuum exists in which
approach influences practice and vice versa. The interaction between theory and
practice is particularly significant in contemporary educational environments, as
they require individuals to possess a solid theoretical basis and the ability to apply and
modify that knowledge to address real-world difficulties successfully [4].

Theoretical foundations of knowledge dynamics highlight the interconnectedness
between theory and practice within educational environments. As individuals in the
field of education, it is crucial to acknowledge and encourage this dynamic process,
guaranteeing that students are adequately equipped to use their knowledge and abili-
ties effectively and meaningfully in practical contexts.

2.1 Evolution of knowledge dynamics in the digital age

The advent of the Digital Age has played a crucial role in facilitating the transi-
tion toward knowledge dynamics. The notion of the “wikinomics” model was pre-
sented by Tapscott & Williams [5], who argued that the Internet and collaborative
technologies have facilitated the democratization of knowledge, hence dismantling
conventional boundaries and hierarchies in the realms of education and business.
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In the contemporary context, the distribution of knowledge is not solely reliant on
hierarchical structures but rather involves a collaborative process of co-creation,
refinement, and widespread dissemination.

One of the primary consequences of the digital revolution on the dynamics of
knowledge is the increased accessibility and facilitation of knowledge retrieval and
dissemination. The theory of connectivism was developed by George [6], which
suggests that in a digitally networked world, learning takes place in complex and
dynamic contexts characterized by the formation of networks rather than traditional
hierarchical structures. In the context of George, the acquisition of the capacity to
establish correlations among various sources of information and make prompt deci-
sions assumes a pivotal role as a valuable cognitive aptitude.

In addition, Seely Brown and Adler [7] put out the notion that the advent of the
Web has facilitated a transition from a focus on acquiring knowledge to a focus on
developing one’s identity, highlighting the significance of active engagement and deep
involvement in the learning process rather than passive reception of information. The
increasing popularity of Massive Open Online Courses (MOOCs) and other digital
learning platforms has resulted in a convergence of formal and informal education,
prompting educators to reconsider conventional pedagogical approaches to fully use
the capabilities of digital tools [8].

To effectively navigate this ever-changing environment, educators must stay
updated on technological innovations and the resulting changes in learning
mechanics. The task at hand necessitates not only comprehending but also critically
assessing the ramifications of these alterations on the dissemination and generation
of knowledge.

2.2 The role of educators in facilitating the integration of theory and practice

Educators encounter a dual set of obstacles and prospects in an era marked by
the swift dissemination of information and the erosion of conventional educational
boundaries. One of the primary duties involves facilitating the extensive reservoir of
information, equipping students with the necessary skills to assess and utilize knowl-
edge in practical situations.

The concept of communities of practice was first presented by Wenger [9], who
emphasized the significance of social learning in developing individuals’ understand-
ing and expertise. Within these communities, wisdom transcends individualism and
becomes a collective endeavor wherein learners engage in navigation, negotiation,
and collaborative knowledge construction. In this particular environment, the educa-
tor assumes the role of a facilitator, guiding students. At the same time, they engage
in intricate problem-solving activities, promoting teamwork and prioritizing the
application of knowledge rather than mere memorization.

Dewey [10] previously addressed the significance of experiential learning, assert-
ing that authentic education emerges from the interplay between knowledge and
experience. In modern education, educators are responsible for designing educational
encounters that correspond with real-life situations, enabling students to apply
theoretical knowledge to practical obstacles [11].

Moreover, following the progress of technology [12] posited that digital tools
present a distinctive prospect for establishing dynamic and interactive learning
environments. Nevertheless, the effectiveness of these tools lies not in their novelty
but in their capacity to replicate real-world obstacles, enabling students to engage
in experimentation, experience failure, acquire knowledge, and engage in iterative
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processes. In doing so, these tools serve to connect theoretical concepts with practical
applications.

Educators, as custodians of knowledge dynamics, have a responsibility beyond
the simple transmission of information. Educational institutions should cultivate
conducive settings that facilitate the development of critical thinking, teamwork,
and practical application skills, thereby equipping students with the necessary
competencies to tackle the complex and diverse challenges prevalent in contempo-
rary society.

3. Modern pedagogical approaches in knowledge dynamics

The evolution of educational thought, especially in the last few decades, has
witnessed a remarkable shift toward innovative pedagogical strategies that align with
modern knowledge dynamics and prepare students to navigate the multifaceted chal-
lenges of the real world.

3.1 Project-based learning: a nexus of theory and practice

Project-based learning (PBL) is an educational approach that promotes student
learning via active participation in authentic and personally significant projects.
According to Thomas [13], PBL is an all-encompassing pedagogical approach that
actively includes students in exploring genuine problems during classroom instruc-
tion and learning activities. This educational approach enables students to acquire
theoretical knowledge and comprehensively understand its practical implementation
in real-world contexts, effectively bridging the gap between knowledge and practice
[14]. As we transition into an information-driven era, applying theoretical knowledge
practically has become paramount. PBL provides an ideal platform for this. Bell [15]
notes that PBL helps students develop skills for living in a knowledge-based, highly
technological society. The process enables students to think critically about and solve
challenging, real-world problems [16]. Unlike traditional learning methods that rely
on rote memorization, PBL emphasizes developing problem-solving skills, critical
thinking, and collaborative team efforts. Helle et al. [17] also pointed out that PBL
can significantly improve content retention and cultivate a genuine enthusiasm for
lifelong learning.

3.2 The role of flipped classrooms in cultivating independent inquiry

The concept of ‘flipped classrooms’ was presented by Bergmann & Sams [18].
In this pedagogical approach, the usual teaching method is reversed, enabling
students to engage with lectures and instructional materials outside of the physical
classroom environment, often utilizing digital platforms. This educational frame-
work facilitates classroom time for engaging in interactive exercises, facilitating
group discussions, and cultivating a more profound comprehension of the subject
matter. It promotes the development of self-directed learning and offers avenues
for cooperative problem-solving. Bishop and Verleger [19] found that flipped class-
rooms can increase student satisfaction and improve learning outcomes. Moreover,
Tucker [20] noted that flipped teaching provides a more significant opportunity for
students to work at their own pace and engage with materials tailored to individual
learning styles.
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3.3 Interdisciplinary studies: fostering integration in the contemporary
knowledge landscape

In the contemporary period, knowledge is not confined to isolated domains but is
intricately interconnected throughout several fields of study. Interdisciplinary studies
involve integrating knowledge and methodologies from several academic disciplines,
synthesizing multiple approaches comprehensively. This educational approach pro-
vides pupils with an expanded viewpoint and promotes adaptable cognitive processes,
essential competencies in the contemporary and ever-changing global landscape.
According to Klein [21], the advantages of employing interdisciplinary methodologies
in education have been underscored, particularly emphasizing its capacity to foster
creativity and innovation. Mansilla & Duraising [22] argue that interdisciplinary
instruction allows students to perceive and analyze complex systems more holisti-
cally. Such a broadened perspective prepares students to tackle real-world challenges
by drawing insights from multiple disciplines, fostering a more rounded and holistic
form of problem-solving. It also promotes flexibility in thought, a more valuable skill
in a rapidly changing world.

3.4 Adaptive learning systems: individualized approaches to knowledge
acquisition

The educational landscape has been transforming because of the emergence of
adaptive learning systems, which may be attributed to technological advancements
[23]. These systems employ algorithms to adapt content dynamically, customizing
instruction to cater to the specific needs of each student. The content is dynamically
changed to optimize learning by analyzing a student’s interactions and performance
[24]. This strategy guarantees that the pace of learning is tailored to suit the needs
of individual students, thereby optimizing their understanding and ability to retain
information. This indicates a shift toward an educational strategy that prioritizes
personalization and student-centeredness.

4. Digital tool and platforms: amplifying real-world application

In the digital age, the realm of education has been fundamentally transformed
by the advent of innovative tools and platforms. Digital solutions have significantly
broadened the scope of educational opportunities, surpassing conventional teaching
methods by establishing connections between theoretical concepts and practical,
real-life scenarios. This analysis delves further into the impact of these tools and
platforms on the educational environment.

4.1 The emergence of virtual reality (VR) and augmented reality (AR) in
experiential learning

Virtual reality (VR) and augmented reality (AR) tools can bring about significant
changes in the field of education. Using realistic simulations, these technologies
can transport pupils to many locations, ranging from historical battles to molecular
structures. The authors of the study conducted by Radianti et al. [25] highlight the
advantages associated with the utilization of AR and VR technologies in the context
of emergency preparedness training. They argue that using realistic simulations in
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these training programs can significantly improve learners’ abilities in decision-
making and analysis. In disciplines such as architecture and medicine, utilizing VR
and AR technologies offers students the opportunity to get practical experience that
circumvents the limitations imposed by physical logistics and the potential risks
connected with hands-on practice. Moreover, these technologies have the potential to
significantly empower students with disabilities by offering accessibility features and
personalized interactive experiences that cater to their specific needs.

4.2 The utilization of gamification to foster engagement among learners in both
theoretical and practical contexts

In addition to the initial appeal of badges and leaderboards, gamification can make
learning interactive and captivating. According to Hamari et al. [26], gamified sys-
tems can augment motivation levels and foster more user involvement, hence crucial
in facilitating the learning process.

An exemplary illustration may be found in educational games within the STEM
(Science, Technology, Engineering, and Mathematics) fields, where evidence has
demonstrated their capacity to cultivate critical thinking and problem-solving abili-
ties. Games give a joyful avenue for engaging with intricate topics and offer learners
the advantage of receiving prompt feedback, enabling them to adapt and enhance
their techniques in real-time.

4.3 Artificial intelligence and adaptive learning platforms: customizing
educational trajectories

Artificial Intelligence (AI) holds significant relevance in education, extending
beyond a mere term. Contemporary artificial intelligence (AI)-based platforms can
efficiently analyze extensive quantities of student data to discern discernible pat-
terns, areas of deficiency, and areas of proficiency. Using data-driven methodologies
guarantees learners a personalized educational experience specifically designed to
cater to their requirements.

Muhie and Woldie [27] underscored the significance of Al in developing intelli-
gent content, encompassing tailored reading materials, problem sets, and study aides.
The adaptive material undergoes continuous development in response to a student’s
progress, ensuring that the difficulties presented appropriately match their exist-
ing expertise level. In addition, chatbots powered by artificial intelligence have the
capability to promptly address students’ uncertainties, hence diminishing obstacles to
ongoing education.

5. Case studies: effective synthesis of theory and concrete results

5.1 The finnish model: striking a balance between theoretical knowledge
and practical skills

The educational model of Finland has continually attracted attention due to its
exceptional quality. A key factor contributing to its achievement lies in integrating
academic comprehension with practically implementing this knowledge within real-
life contexts. The Finnish educational system has a significant confidence level in its
teachers, as most have completed extensive training and possess master’s degrees [28].
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The utilization of theoretical knowledge in practical contexts is a fundamental
aspect. Students frequently participate in projects that simulate real-life situations,
facilitating the integration of theoretical knowledge acquired in the classroom with its
practical implementation. As an illustration, mathematical principles can be applied
in functional scenarios, such as coordinating a community event or allocating funds
for diverse activities.

5.2 Singapore places a significant emphasis on problem-based learning

Singapore’s educational system is widely recognized internationally and is par-
ticularly notable for its PBL methodology. In this educational setting, students are
exposed to intricate real-world challenges that necessitate collaborative problem-solv-
ing. According to Tan [29], this approach promotes active engagement among learners
and fosters the development of critical abilities such as evaluation, questioning, and
knowledge synthesis. The strategy guarantees that students are adequately prepared
for contemporary work environments, where the ability to engage in critical thinking
and problem-solving is highly valued [30].

5.3 Massive open online courses (MOOCs) and the democratization of global
education

The emergence of Massive Open Online Courses (MOOCs) has facilitated the
democratization of global, high-quality education. The advent of online learning
platforms such as Coursera, edX, and Udacity has played a pivotal role in enabling the
proliferation of this educational paradigm. These platforms have effectively amalgam-
ated theoretical instruction with practical applications by including real-world case
studies, simulations, and assessments [31]. According to Shah [32], the existence of
these platforms highlights the worldwide need for adaptable and flexible learning,
enabling individuals, both students and professionals, to consistently develop and
adapt to the dynamic requirements of the global economy.

6. Future directions and conclusions
6.1 Anticipating the evolution of knowledge dynamics in the subsequent decade

The forthcoming decade holds the potential for significant changes in knowl-
edge dynamics, particularly within educational settings. The convergence of Al,
sophisticated analytics, and ongoing developments in pedagogical research will
fundamentally transform the processes of knowledge generation, dissemination, and
application.

It is anticipated that the rapid progression of technology will facilitate the devel-
opment of increasingly immersive learning environments. According to Johnson
et al. [33], the integration of AR, VR, and mixed reality can significantly transform
educational settings by enhancing the accessibility and tangibility of remote historical
events and intricate concepts for students.

Moreover, the conventional confines of traditional educational settings are
expected to become less distinct because of the influence of e-learning platforms,
collaborative online forums, and the emergence of digital nomadism. These factors
are transforming the learning landscape, altering the location and way educational
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experiences take place. A foreseeable trend in education is the transition toward
learner-centric paradigms, characterized by a growing emphasis on personalization,
adaptability, and responsiveness to individual requirements [34].

6.2 Suggestions for educational institutions and policy makers

Educational institutions should pursue the active integration of developing
technology into curricula. This entails more than simply obtaining the most recent
technological devices but comprehending and implementing them pedagogically and
appropriately.

Continuous professional development (CPD) is paramount in providing educators
with the necessary skills and knowledge to navigate the ever-changing educational
landscape effectively [35]. According to Darling-Hammond & Hyler [36], it is crucial
to prioritize regular training sessions, seminars, and opportunities for exposure to
novel educational methods.

Policy flexibility refers to the ability of a policy to adapt and respond to changing
circumstances and needs. It involves the capacity in a constantly evolving environ-
ment; inflexible policies can impede innovation progress. Policymakers should
prioritize cultivating adaptability, granting educational institutions the freedom to
engage in experimentation and innovation while upholding fundamental academic
norms and objectives.

The importance of collaboration in achieving success. It is imperative to foster
collaborative alliances among educational institutions, technology corporations,
research bodies, and governmental entities. Association of this nature has the poten-
tial to promote innovation, facilitate research endeavors, and facilitate the adoption of
optimal methodologies across international boundaries [37].

6.3 Predating the evolution of knowledge dynamics in the next decade

The next decade promises profound transformations in knowledge dynamics, espe-
cially within educational contexts. The convergence of artificial intelligence, sophisti-
cated analytics, and ongoing developments in pedagogical research will fundamentally
transform the processes of knowledge generation, dissemination, and application.

It is anticipated that the rapid progression of technology will facilitate the develop-
ment of increasingly immersive learning environments. According to Johnson et al.
[33], integrating AR, VR, and mixed reality can significantly transform educational
settings by enhancing the accessibility and tangibility of remote historical events and
intricate concepts for students.

In addition, it is anticipated that the conventional confines of physical classrooms
will become less distinct because of the influence of e-learning platforms, collab-
orative online forums, and the emergence of digital nomadism. These factors are
expected to significantly alter the locations and methods through which educational
experiences take place. A foreseeable trend is the emergence of learner-centric
paradigms in education, characterized by a growing emphasis on personalization,
adaptability, and responsiveness to individual requirements [34].

6.4 Final remarks on the ongoing progression of knowledge dynamics

At its essence, knowledge dynamics encompasses the dynamic and growing
relationship between theory and practice and the interplay between tradition and
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innovation. Considering imminent technological and pedagogical transformations,
it is imperative to consider the ultimate objective: fostering individuals who can
think critically, adapt effectively, and engage meaningfully with the evolving global
landscape.

The process of knowledge dynamics is characterized by its perpetual nature,
wherein successive generations actively contribute to, modify, and expand upon the
accumulated wisdom of their predecessors. This statement calls upon educators,
learners, and policymakers to maintain a perpetual state of curiosity, continu-
ous growth, and unwavering commitment to achieve significant and influential
education.

Nomenclature

CPD continuous professional development

Author details

Saba Qadhi
Qatar University, Qatar

*Address all correspondence to: sabaa@qu.edu.qa

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

137



From Theory of Knowledge Management to Practice

References

[1] Robinson K, Lee JR. Out of our Minds.

Wiley Online Library; 2011

[2] Drucker P. Post Capitalist Society.
New York: ButterWorth-Heinemann;
1993a

[3] Fullan M, Scott G. Turnaround
Leadership for Higher Education. John
Wiley & Sons; 2009

[4] Selingo JJ. College (un) Bound: The
Future of Higher Education and What it
Means for Students. Houghton Mifflin
Harcourt; 2013a

[5] Tapscott D, Williams AD. Wikinomics:

How Mass Collaboration. Changes
Everything. 2006

[6] George S. Connectivism: A learning
theory for the digital age. International
Journal of Instructional Technology and
Distance Learning. 2005;2(1):3-10

[7] Seely Brown J, Adler RP. Open

education, the long tail, and learning 2.0.

Educause Review. 2008;43(1):16-20

(8] Pappano L. The year of the MOOC.
The New York Times. 2012;2(12):1-7

[9] Wenger E. Communities of Practice:
Learning, Meaning, and Identity.
Cambridge University Press; 1999

[10] Dewey J. Experience and Education.
1997 edition. New York: Touchstone;
1938

[11] Kolb DA. Experience as the Source
of Learning and Development. Prentice-
Hall: Englewood Cliffs; 1984. pp. 31-61

[12] Bower M. Teaching as a Design
Science: Building Pedagogical Patterns
for Learning and Technology. New York
& London: Routledge; 2018. p. 258.
Revista Fuentes, 20(1), 89

138

[13] Thomas JW. A Review of Research on
Project-Based Learning. San Rafael, CA:
Autodesk; 2000

[14] Nosair MR, Qadhi S, Hendawi M.
Evaluating preparatory programs and
novice teachers teaching performance
and its influence on students’ learning
process in Qatar University. Educational
Administration: Theory and Practice.
2021;27(3):1133-1149

[15] Bell S. Project-based learning for the
21st century: Skills for the future. The
Clearing House. 2010;83(2):39-43

[16] Romanowski MH, Qadhi S. Teach for
Qatar: Teachers’ challenges and resources
in Qatar’s government schools. SAGE
Open. 2022;12(2):1-13

(17] Helle L, Tynjdld P, Olkinuora E.
Project-based learning in post-secondary
education-theory, practice and

rubber sling shots. Higher Education.
2006;51:287-314

[18] Bergmann J, Sams A. Flip Your
Classroom: Reach Every Student in Every
Class Every Day. International Society for
Technology in Education; 2012

[19] Bishop ], Verleger MA. The flipped
classroom: A survey of the research.
In: 2013 ASEE Annual Conference &
Exposition. 2013. pp. 23-1200

[20] Tucker B. The flipped classroom.
Education Next. 2012;12(1):82-83

[21] Klein JT. Interdisciplinarity: History,
Theory, and Practice. Wayne State
University Press; 1990

[22] Mansilla VB, Duraising ED. Targeted
assessment of students’ interdisciplinary
work: An empirically grounded



Knowledge Dynamics: Educational Pathways from Theories to Tangible Outcomes

DOI: http://dx.doi.org/10.5772/intechopen.1002979

framework proposed. The Journal of
Higher Education. 2007;78(2):215-237

[23] Qadhi S, Alkubaisi H. Teachers’
education in Qatar: Devolution and
decentralization. In: Khine MS, editor.
Handbook of Research on Teacher
Education: Pedagogical Innovations and
Practices in the Middle East. Singapore:
Springer Nature; 2022. pp. 13-28.

DOI: 10.1007/978-981-19-2400-2_2

[24] Woolf BP. Building Intelligent
Interactive Tutors: Student-Centered
Strategies for Revolutionizing
e-Learning. Morgan Kaufmann; 2010

[25] Radianti J, Majchrzak TA, Fromm J,
Wohlgenannt I. A systematic review of
immersive virtual reality applications
for higher education: Design elements,
lessons learned, and research

agenda. Computers & Education.
2020;147:103778

[26] Hamari ], Koivisto J, Sarsa H. Does
gamification work?--a literature review
of empirical studies on gamification.
In: 2014 47th Hawaii International

Conference on System Sciences. 2014. pp.

3025-3034

[27] Muhie YA, Woldie AB. Integration
of artificial intelligence technologies
in teaching and learning in higher
education. Science and Technology.
2020;10(1):1-7

[28] Sahlberg P. Finnish Lessons 3.0:
What Can the World Learn from
Educational Change in Finland? Teachers
College Press; 2021

[29] Tan O-S. Problem-Based Learning
Innovation: Using Problems to Power
Learning in the 21st Century. Gale
Cengage Learning; 2021

[30] Hung W, Jonassen DH, Liu R.
Problem-based learning. Handbook

139

of Research on Educational
Communications and Technology.
2008;3(1):485-506

[31] Reich J, Ruipérez-Valiente JA.
The MOOC pivot. Science.
2019;363(6423):130-131

[32] Shah D. By the Numbers: MOOCS
in 2016. Class Central’s MOOC Report.
Class Central; 2018

[33] Johnson L, Becker SA, Cummins M,
Estrada V, Freeman A, Hall C. NMC
Horizon Report: 2016 Higher Education
edition. The New Media Consortium;
2016

[34] Weller M. 25 Years of Tech.
Athabasca University Press; 2020.
DOI: 10.15215/aupress/9781771993050.01

[35] Qadhi S, Floyd A. Female English
teachers perceptions and experience of
continuing professional development in
Qatar. Education Sciences. 2021;11(4):1-14.
DOI: 10.3390/educscil1040160

[36] Darling-Hammond LH,

Hyler M. Effective Teacher Professional
Development. Learning Policy Institute;
2017

[37] Schleicher A. World Class: How to
Build a 21st-Century School System,
Strong Performers and Successful
Reformers in Education. OECD
Publishing; 2018






Chapter 9

Optimising Project Stakeholder
Value through Knowledge
Management: A Social Capital Lens

Hakem Sharari

Abstract

Knowledge is the essence of organisational performance; without knowledge
nothing would be produced. Knowledge management can be simply seen as the
processing of information to be introduced as business outcomes: projects, services
and products. Having said this, organisations must be keen to put knowledge into
practice. By adopting a social capital lens, this paper aims to shed light on the link
between knowledge as a theoretical construct and its practical implications. The paper
explores the role of social capital and networks in optimising project stakeholder value
within three Jordanian telecommunication companies operating in a competitive,
technology-based context. The structural, relational and cognitive dimensions of
social capital are employed to understand how project stakeholders create, exchange
and exploit knowledge to achieve their as well as their organisation’s objectives. The
paper offers findings that support knowledge management as a determinant of overall
organisational performance and help project managers to capitalise on social networks
to optimise project stakeholder value.

Keywords: stakeholder value, social capital, knowledge management, organisational
performance, social networks, telecommunication

1. Introduction

Projects are increasingly considered as the means of creating stakeholder value [1].
This view is more in keeping with the challenges of modern society, in that project
value cannot only be measured according to the traditional budget, time and scope
constraints, but it also has to consider stakeholder satisfaction. The role of a project
manager should thus exceed that of planning and controlling activities to effectively
and efficiently managing stakeholders, who are seen as actors in a collaborative
project network [2].

Value is mainly created at the front end of projects, making it a strategic phase in
which stakeholder needs, requirements, expectations and goals are captured [1]. The
front-end phase ensues with the very early point in the generation of a project idea, all
the way to its final development to be either approved or shelved [3]. This phase is
however known as fuzzy; it lacks definition and alignment due to the unsettled project
network and the scarcity of knowledge about the novel, explorative project idea.
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This paper employs a social capital lens to understand how project networks can be
formed to create, share and exploit knowledge to optimise stakeholder value. The
paper maps the best front-end interactions and relationships, leading to the develop-
ment of a holistic model that demonstrates the preferred structural, relational and
cognitive network attributes to enhance stakeholder alignment and facilitate deci-
sions. Having such conceptualisation of projects as being embedded in complex
networks of relationships lags behind [4], prompting the following questions:

1.How does social capital help in managing knowledge and optimising stakeholder
value in the front end of projects?

2. What social network attributes should be maintained to facilitate decisions and
optimise stakeholder value in the front end of projects?

Addressing these questions contributes to an enhanced understanding of how best
project stakeholder value is optimised, which can only be done by considering social
capital and networks in the highly turbulent and fast-changing environment of the
fuzzy front-end phase. Next, the paper reviews the existing literature to explain the
related concepts and views and develop the research propositions. The paper later
explains the methods used and the context within which the research was pursued,
ending with discussing the findings and conclusions.

2. Literature review

Organisations currently rely on fast transformation through developing project
models that cope with ever-changing business needs and optimise stakeholder value.
To understand this issue, the literature on project management and social capital is
reviewed to shed light on the dependability of stakeholder value on the nature of
knowledge channelled within project networks.

2.1 The modern view of projects

Projects can be viewed as social networks initiated with the aim of creating stake-
holder value within collaborative settings [3]. Within this ‘modern view’, projects are
much broader than conceived when positioned on the instrumental base of planning
and monitoring [1]. This change in view has reshaped the context of project manage-
ment to address the requirements of the political, economic and social forces, impos-
ing new actions to be considered in the front end of projects: ensuring that the needs
and requirements of stakeholders are clearly captured; managing the impact of those
stakeholders on the project vision; and aligning the expected project value with their
strategic intent. These actions are inevitable for project managers to link project value
to the objectives of related forces [5].

2.2 The fuzzy front end

The front end is part of an expanded project life cycle with a strategic role as the
initiation phase [6]. This view of the front end is more concerned with the activities
related to managing stakeholders rather than managing processes. The focus of the
front end is to align the goals of stakeholders in a holistic project definition, all the way
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to submitting a value-optimised proposal to decision-makers to approve its finance.
The front end is therefore seen as a network of relationships and not a set of
well-defined tasks [7].

Throughout the front end, three sub-phases take place: idea generation, idea
development and evaluation and project definition [3]. These sub-phases occur when
a formal review is undertaken to discuss progress and evaluate the various alternatives
for underlying issues (e.g. human capabilities, technological solutions and market
opportunities). The result of each sub-phase comes in the form of a decision on
whether to proceed to the next (Figure 1). The final sub-phase usually involves the
participation of the top management to agree on the documentation and sign the
project proposal, triggering the planning and implementation activities [8].

Managing the front end for value creation requires considering the different needs
and perspectives of stakeholders. It requires viewing the front end as a social network
in which stakeholder relationships are treated as crucial resources of knowledge and
alignment [6]. Cooperation and coordination between project stakeholders can lead to
various benefits, including improved communication, timely conflict resolution,
effective decision-making and creative problem-solving [9]. These benefits create an
environment that supports learning and knowledge exchange and exploitation,
enabling the alignment of divergent stakeholder goals around an agreed project
definition to capture a higher value end-state [10].

2.3 Social capital and networks

Social capital is a concept that initially appeared in community studies, where
social networks are used to study the basis for trust, cooperation and access to
resources. Social capital is channelled within social networks to form the patterns of
relationships among actors according to three dimensions: structural, relational and
cognitive [11].

The structural dimension refers to the number of existing ties and the power of
actors, affecting their centrality and connectivity [12, 13]. The relational dimension
focuses on the strength of ties and trust among actors [14]. Both dimensions are
critical for knowledge creation and exchange [15]. The cognitive dimension focuses on
having shared goals (i.e. the degree to which actors have a similar understanding of

Front-end Sub-phases

Idea generation Idea development Evaluation and definition

Opportunity identification
and analysis

[
L]
Concept negotiation and
finalisation

Social actors: representatives of managerial,

political, economic and environmental bodies

Proposal assessment and
financing decision

Figure 1.
Front-end sub-phases.
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project value) and culture (i.e. the degree to which network relationships are
governed by the same norms of behaviour). This dimension studies the network
resources from which shared meaning and understanding of available knowledge is
reached, enabling better exploitation [11].

Social capital can enhance project value through capitalising on the interactions
and relationships of the involved actors [16, 17]. Since social capital is considered as a
project resource, then more ties or trust should support more value [18]. This was the
dominant thought until research found that ‘sociability cuts both ways’ ([19], p.18),
meaning that social capital has a dark side. This dark side of social capital manifests
itself in two main aspects: reinforcing inequality and supporting siloing and antisocial
behaviours [20]. Knowing this opens the door for exploring the favourable network
attributes to channel social capital and resources in a way that optimises stakeholder
value in the front end of projects while avoiding its negative impact.

2.4 Research propositions

Engaging powerful actors in the early project network provides more knowledge
for idea generators about the expected project outcomes [21]. In such a network,
decision-makers are also provided with a sense of what can really be achieved, which
affects stakeholder objective alignment and decision-making criteria. Regarding the
structural network attributes, high interaction among desirable actors is seen to
facilitate front-end value:

* P1: High interaction among desivable network actors increases the likelihood of idea
adoption and optimises front-end stakeholder value.

The nature of actor relationships surrounding an idea would affect its maturity and
selection. The various ties that span across a network determine the nature of knowl-
edge creation and exchange [22]. Knowing that strong and weak ties have their merits
and drawbacks [23], it is likely that both types of ties should be supported throughout
the front end to enhance value creation:

* P2: Networks of actors that evolve from weak to stronger ties increase the likelihood of
idea adoption and optimise front-end stakeholder value.

Front-end value creation requires actors to build interpretative frameworks that
reflect their individual understanding of concepts [24]. Actors may have discrete goals
and different purposes when they jointly discuss project contents [7]. Developing
mutual understanding among network actors allows for the effective exploitation of
knowledge, which increases the likelihood of idea adoption:

* P3: Building mutual understanding among network actors increases the likelihood of
idea adoption and optimises front-end stakeholder value.

The three propositions represent the road map for exploring how social capital and
network dimensions can optimise project stakeholder value in the fuzzy front-end
phase through better channelling and exploitation of knowledge. The next section
discusses the context selected, and the methods employed, to pursue the research
enquiry, leading to discussing the findings and conclusions.
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3. Methodology
3.1 Research context

The total Jordanian telecommunication sector was studied, one global and two
regional companies. The three companies are anonymised as Company1, Company?2
and Company3. Whereas Companyl employs 550 employee and holds 30% of the
market share, the other 2 companies enjoy 35% of the market share each, but with
1000 employee working for Company2 and 1800 working for Company3. These
companies compete aggressively, creating a huge pressure to optimise project stake-
holder value. In such dynamic and competitive environment, projects require notice-
able exploration in their early phases to be approved and adopted by decision-makers.

3.2 Method and design

A qualitative method was employed as the means of studying the network attri-
butes within which social capital can optimise stakeholder value in the front end of
projects [25]. This helps to answer the ‘how’ element of the research enquiry due to its
explorative nature [26, 27]. This allows developing the propositions to build on
existing theory. For the ‘what’ element of the research enquiry, a multiple case study
design was adopted to compare the effects of social network dimensions on front-end
value creation across organisations to gain a detailed insight [28].

3.3 Research approach

This research relies on the inductive approach to build on the theory related to
social capital and networks and front-end project management [29]. Such an approach
suits this qualitative research where limited literature is available and primary data is
collected from a small sample, focusing on a specific context to make inferences about
the enquiry domain [30].

3.4 Data collection

Thirty-one semi-structured interviews were conducted with project managers,
product owners, project management office managers and top management personnel
(Table 1). Using purposive sampling, the HR department in each company was
contacted and provided with the interview guide. Based on the provided questions,
nine experts were chosen as a core sample (three from Companyl, two from Com-
pany? and four from Company3). The sample then was snowballed by asking inter-
viewees at the end of every interview to name potential experts who could provide
further insight. Field notes were compiled during interviews to flag the main codes
and topics and identify the gaps in the collected data [31]. After thirty-one interviews,
both the interviews and supportive documents were unable to provide new insights;
thus, data collection was ceased due to saturation [32].

3.5 Data analysis

The 31 interviews resulted in having 25 hours of voice recordings that were tran-
scribed into 256 pages of text. These scripts were cleansed to enhance meaning and
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Managerial level No. of interviewees Gender Average duration

Top management 8 interviewees 1 female-7 males 60 minutes

Middle management 13 interviewees 3 females -10 males 45 minutes

Lower management 10 interviewees 3 females—7 males 50 minutes
Table 1.

Interviewing details.

clarity since interviewees were second language English speakers. Summaries were
produced for interviews to register any notes related to the content and context of the
interviews to better interpret any variance in responses [33]. The personal and
organisational names of interviewees were anonymised, keeping with the ethical
obligations of the interviews.

Content analysis was conducted using NVivo software to explore the available
scripts. Different types of codes were utilised for this purpose, including iz vivo codes,
descriptive codes and process codes, highlighting the main passages of the text and
identifying key themes and categories [34, 35]. This process was supported by running
word frequency, text search and other NVivo queries to further explore the text and
dive into key topics. Higher-level inferences were drawn, which were then examined
in line with the supportive documents [36]. During the content analysis, the iteration
between the data-driven codes, categories and themes and theory was carefully
maintained to ensure data validity and reliability.

4. Findings

Twenty-one out of 26 projects explored in this research were reported by inter-
viewees to be satisfying; value was created for the stakeholders on both personal and
organisational levels (Table 2). While organisational value is derived from meeting
the sustainability and expansion objectives such as increasing sales and market share
numbers, personal value is derived from aspects like incorporating stakeholders’
needs in project definitions, achieving career-related promotions, appreciating their
contributions and recognising learning opportunities. In some situations, especially
with top management personnel, stakeholder value was intertwined so that achieving
personal goals was linked to organisational objectives:

“This project was requested by [the group name] because of customer needs and
complaints, and that we have objectives to meet: time to deliver and time to repair.
These are strategic objectives to the company and to [the group name]. When we first
presented the project to the top management, we tried to cover every single point that

Projects Satisfying Dissatisfying Description
done by
Companyl 5 projects 2 projects Some projects were chosen by several interviewees as the

. . focus of interviews
Company2 5 projects 1 project

Company3 11 projects 2 projects

Table 2.
Perception of stakeholder value in the front end of projects.
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Measure Synonyms sample Example quote

High Usual, more, high, similar, always ‘When we first discussed the concept, we had
more interaction’

Low Alone, sometimes, low, different ‘Then we took some time alone to do our
homework to prepare the business case’

Medium Maintained, medium, less often, moderate ‘It is maintained, we cannot say that we were
isolated, we always have interactions’

Strong  Frequent, strong, deep, increased ‘Due to that we built a strong relationship
together, we started to share information’

Weak Normal, weak, not yet, cautious ‘It started to increase in the middle phase, in the
start, we were not afraid but cautious’

Table 3.
The process of identifying the network attributes.

may help us achieve our objectives and meet all stakeholder requirements. The top
management reviewed the project proposal, and the result was to go. We developed
the project based on the proposal and once we completed the project and presented
the results, all stakeholders were satisfied’ [IT & Network Build Coordination and
Support Manager, Company3].

Within these project networks, several attributes were considered as common to
enhance stakeholder value accrual in the front end. These attributes were tracked
according to the dimensions of social networks (i.e. structural, relational and cogni-
tive) within each front-end sub-phase (i.e. idea generation, idea development, evalu-
ation and project definition). A holistic model was therefore developed including the
social network attributes that should take place throughout the front end of projects to
optimise stakeholder value. It is worth noting however that the measures used to
describe these network attributes were derived from the interviewees’ own words,
making them context sensitive (Table 3).

4.1 Structural network attributes

This dimension explores the social attributes related to the network size and
frequency of interaction: both with whom they should take place and how they should
change as the front end unfolds for optimised stakeholder value. The first finding
explains that higher interactions among the right actors is critical to spark creative
insights and encourage coordination in project networks (Figure 2). This helps
transforming project ideas from the phase of being plain thoughts (i.e. idea genera-
tion) into more comprehensive and well-considered plans (i.e. idea development)
where the organisational orientation and stakeholder ambitions are reflected in a
holistic project documentation (i.e. evaluation and definition).

As shown in Figure 2, in the idea generation phase, network actors were found to
build multiple ties and to have multilateral and interdepartmental interactions with
less involvement of powerful actors. In this early phase, the large network size and
heterogeneity was helpful to increase the pool of available knowledge that was needed
to allow more innovative thoughts and suggestions regarding the various aspects of
the project idea. Heterogeneous ties were also helpful to decide on the number and
type of actors needed to guarantee that the proposed form of the project idea
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Network size and interaction in the front-end

Idea generation Idea development Evaluation and definition
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Figure 2.
The recommended network size and interaction for optimised value.

contained the needs and requirements of all stakeholders. This, as shown in Table 2,
led to more stakeholders perceiving better value being created from project ideas.

Moving to idea development, interactions were higher and more concentrated in
the core project network while keeping a lower level of contact with less related
actors. Turning into a more cohesive project network was crucial in this phase, as
twenty-one interviewees explained, to reduce distraction and validate the main
aspects of the project idea that must be further developed. With such structural
dynamics, network actors were able to abandon aspects of the project idea that had
marginal benefits and focus on the long-term value:

“The structure dynamics varied according to the level of interaction. When we first
discussed the concept, we had move interaction. Then, we took some time separated to
prepare the business case and the model itself. After that, we had move interaction to
validate the concept and ensure that everything is going well. However, we cannot say
that we were totally isolated at any point in time, we always have intevaction’ (Pricing
¢ Business Planning Manager, Company1).

As opposed to the idea generation phase, a high level of engagement from powerful
actors in the evaluation phase was required to avoid any potential scope creep
(Table 4). Although ideas in the generation phase were more vulnerable to be biased
to the benefit of powerful actors, the existence of those actors in the evaluation phase
was essential to keep the balance between actors’ objectives. This balance ensured
relevant decisions were made, which raised the probability of top management
adopting and financing project ideas. Such observation explains what was earlier

Front-end sub-phase Level of interaction Network cohesion Powerful actor involvement
Idea generation High Low Low
Idea development High High Medium
Evaluation and definition ~ High High High
Table 4.

Social network attributes related to the structural dimension.
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proposed about the critical need to direct the interaction in each phase to the right
network actors to arrive at comprehensive project definitions:

“The top management nominated X as the Business Owner for this product. But down
the road, I started to understand who the real decision-maker is, and I knew that X is
just a messenger from that person who is not free working on another project. I used to
talk to the Business Owner, then I jumped to his manager who had all details. This was
very important to accelerate decisions by ensuving that I had the full details of the
business rules and that they would not change later on’ [ Project Management Office
Manager, Companyl].

The higher the interaction among desirable project actors during the front end, the
more benefits attained by stakeholders. These benefits ranged between providing
enough room for learning through answering several inter-functional questions, eas-
ing control over work and facilitating relevant decisions. In contrast, networks that
had poor frequency of interaction and haphazard involvement of actors leaned
towards arriving at defective value, since project definitions were only reflecting the
needs and goals of specific stakeholders without a clear link to the organisational
strategy:

‘We had high intevaction with all parties to be able to answer their concerns and
questions from one aspect and to speed up the approval cycle from another. This is
because the project itself took a month from the idea to the approval of the implemen-
tation, and we had mamny concepts and parameters to include as part of the business
case of this new project. Thus, we had high interaction to ensuve that we are covering
all these KPIs or parameters’ [Pricing ¢ Business Planning Manager, Company1].

‘Because I dealt with many stakeholders in this project: Finance, Supply Chain, Tech-
nical and IT, I gained a very good knowledge and experience from them. I gained
information that I did not recognise before; I started to understand the meaning of
server storage users and the beverage of the users’ [IT ¢ Network Build Coordination
and Support Manager, Company3].

‘During that analytical phase, one of the major stakeholders, who was a manager from
IT, managed to convince the Business Owner to develop the product in an inefficient
way only because it was easier for him to implement. For the Business Owner, he
managed to have the product on the portal, and for me, it was okay, but the pain for
the company was to lose the full integration between all systems’ [Project Management
Office Manager, Company1].

Developing ideas and solutions without proper representation of the opinions of
actors can lead to catastrophic outcomes if they manage to pass the different front-end
check windows to implementation. Such ideas and solutions might allow for tempo-
rary and marginal benefits, but they have multiple negative impacts on the overall
project journey. These impacts can cause major resource losses and poor customer
satisfaction and exhaust other project stakeholders who may have less negotiation
power when trying to reconcile these impacts:

‘The Commercial Owner attempted to launch the solution in less than thirty days to
claim establishing a new enterprise e-commerce platform in a short time. But after a
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while, many complaints will be received about bad customer experiences. He will then
be punished by the top management, and he will start asking for a change request from
the vendor. This will put us in a weak negotiation state because the vendor is the
developer of the solution, and it is the only entity that can do the change request. Thus,
he will put a huge cost on us, and we will accept it as we will not have any bargaining
power, and the Commercial Owner will lose his position’ [Product Development
Manager, Companyl].

In such situations, the involvement of powerful actors in the evaluation phase is
important to interrupt this unsophisticated development of the idea to correct the
project direction towards better stakeholder value:

T interrupted the project, and I convinced the Commercial Owner that he needs to
consider this e-commerce platform as an additional communication channel for the
customer to subscribe, manage her/his profile and submit payments, but not as an
isolated channel. Then, the whole project was reviewed, and the scope of the documen-
tation was changed, and we started the project from the scratch, or from my point of
view, we corrected the whole project to get more value for the end user’ [Product
Development Manager, Companyl].

To compare the three cases, in Companyl, the processes lacked stickiness as a
result of higher personal relationships, which required continuous scrutiny of actor
engagement to reduce the probability of individuals opportunistically attempting to
reap benefits for themselves. In Company3 and Company?2 (but especially the latter),
such structural dynamics were easier to maintain due to well-defined business pro-
cedures. However, in all cases, involving the right actors with the advisable interac-
tion level occurred in all satisfying projects. This confirms and develops the first
research proposition:

* P1: High interaction among desirable network actors optimises stakeholder value
through encouraging coordination that sparks creative insights and increases the
likelihood of project idea adoption.

4.2 Relational network attributes

This dimension discusses the strength of ties among network actors; when, how
and with whom they evolve throughout the front end for optimised stakeholder value.
The second finding explains networks that evolve from weak to stronger ties to
optimise front-end stakeholder value. Building strong ties was difficult in the early
phases when the number of actors was high but manageable afterwards when fewer
actors were involved (Figure 3). With such network dynamics, actors used to take
enough time to decide on knowledgeable and experienced candidates with whom to
discuss their shared interests and build trusting partnerships (i.e. idea generation) that
assist in collectively improving project concepts (i.e. idea development) and to
make decisions that increase the probability of ideas adoption (i.e. evaluation and
definition).

Networks of actors, as shown in Figure 3, were found to coalesce around weak ties
with lower emotional intensity and intimacy in the idea generation phase. This phase
included actors who sometimes had to adopt conflicting positions in their pursuit of
proving the superiority of their needs. Actors were also exploring knowledgeable and
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Tie strength and network structure in the front-end

Idea generation Idea development Evaluation and definition

== Powerful actor —— Weak tie

== Core actor = Strong tie

- Normal actor —= Stronger tie
Figure 3.

Combining the recommended structural and relational attributes.

experienced candidates with whom to develop strong ties. With several multilateral
departments involved in this phase, such cautious behaviour helped actors to review
their choices of viable future partnerships:

‘At the beginning, we only had the product concept, and we did not have much
knowledge about the project itself. We were still exploring the different vendor
approaches and what is the model that each one of them is adopting accordingly. For
example, if we wanted to discuss anything with the Technical team, we used to only
ask them if they have this or that thing and, in a nutshell, they just tell us, yes, this is
something that we already do, and we can provide. Once we selected the vendor with
the most suitable business model and reviews, we started working with them and we
went move into details about the technical and commercial aspects, and the involve-
ment of the velated teams started to get deeper then’ [Digital ¢ VAS Products Man-
agement Expert, Company2].

‘At the beginning, the velationships were normal since it was a team formation process
until we reached the storming stage where everybody was trying to prove her/himself
right. Then, we moved to team norming, and everybody was working aligned together.
But it was difficult at the beginning to set the rules and to clarify who is responsible for
what’ [Customer Experience ¢ Quality Director, Company3].

In the idea development phase, where the network size tends to be smaller and ties
shift from being heterogeneous to more cohesive ones, interactions were denser and
could support building strong ties and dyadic collaborations. This resulted in actors
starting to exchange extensive information, which increased their knowledge and
awareness about project concepts and visions and pushed them for better
development:

1 got in touch with a guy from IT who I never met before this project. We started to get
in touch move often to talk and share ideas and thoughts. Due to this strong velation-
ship that we built in this project, we shared knowledge and experiences, and I started
to understand things technically about the network that I did not use to know, which
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helped me to make efficient decisions’ [IT ¢ Network Build Coordination and Support
Manager, Company3].

The impact of building strong ties in the development phase was not only about
increasing the density and depth of communication but also about reducing the time
needed to complete explorative tasks of the front end. Actors who built strong ties in
the development phase reported easier communication processes and patterns, which,
according to seventeen interviewees, resulted in shorter development periods when
compared to the long period of time consumed in the generation phase when ties
were weak and scattered. This was critical in the dynamic and fast-changing
telecommunication sector to avoid outdated launches:

“The early project preparations took long time as the relationships were not yet built.
But the development took only one month because our communications started to be
more friendly. For example, when I used to call a person, her/his veply was like okay, I
am busy today, you can call me tomorrow, which made the process faster, and the
development was faster’ [Senior Business Demand Analyst ¢ Technical Project
Manager, Company3].

Network ties in the evaluation phase were mostly stronger and triggered extra
cooperation efforts to create a fit between the various needs and requirements of
project actors (Table 5). The cooperation efforts also eliminated individual obstacles
to help identify holistic objectives. In so doing, the probability of ideas adoption was
higher as actors collectively worked towards convincing the decision-makers (i.e. top
management) of the feasibility of their suggestions:

‘When we started the Fibre project, we used to sell the Fibre services without providing
Wi-Fi solutions to our customers. These solutions are expensive and need a large
budget, which made some project stakeholders think that they are not necessary. They
justified their decision by the fact that we already had Internet services and that we did
not provide such service before. Me and my Technical partner were not convinced, and
insisted that the Wi-Fi solutions are needed by customers. We provided full presenta-
tions to the top management, and we repeated them several times. Eventually, we
managed to get through and convince them that this is a point of improvement that we
should do’ [Customer Experience € Quality Director, Company3].

‘We were cautious in the start and middle of the project preparation. When we
approached the last phase of the preparation, trust between us was higher, and we
could rely on each other, so we could share information and ideas with each other. This
is because we were together in the ups and downs in each single step. The time was an

Front-end sub-phase Strength of ties Cooperation and coordination Scarcity of knowledge
Idea generation Weak Low High
Idea development Strong Medium Medium
Evaluation and definition ~ Strong High Low
Table 5.

Social network attributes related to the relational dimension.
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important factor to build trust and it increased after the middle phase of the prepara-
tion till the end’ (Channel Events ¢ Brand Activation Team Leader, Company2).

The relationship between tie strength and decisions and stakeholder value
creation in the front end of projects was evident. The 31 interviewees explained in
more than 66 occasions that strong ties and trusting relationships had led them to
achieve multiple advantages, including promoting knowledge exchange, bridging
interest gaps, encouraging extra cooperation and supporting easier and faster
delivery. However, strong ties were not without disadvantages as they required
extra effort and emotional intensity to keep and limited distant network actor
suggestions in a way that confined the understanding of network actors to the views
of their close ties.

Although the identified relational network attributes were common in most pro-
jects, they can vary based on the structure and business dynamics of companies. Since
the three companies employ non-dedicated teams (i.e. employees reported to both
functional and project managers), some projects involved actors who already had
existing ties due to previous experience working together. These projects, as found
with nine interviewees, showed slightly different social network dynamics throughout
the front end. Actors within these networks exhibited more readiness to have high
interaction frequency from the idea generation phase onward because they did not
need to spend time deciding on their partnerships:

‘Because I have been in Company3 for seven years, and in the Marketing team for
almost three years, relationships were already built. I alveady knew other people and
theve was no big gap between us because we worked together on several projects. So, the
relationships were not only from this project, but also built from other projects and still
developing’ (Marketing Team Leader, Company3).

1 think our relationships do not come in one project and disappear in another; they are
built over the years. I have had almost fourteen years in Companyl, which is a long
time during which I established trust. Healthy velationships come from good experi-
ences and trust, and feeling that each party is careful about the success of the other and
the project we are working on. Once all parties feel that you are responsible and
trustable, and that you are not faking communication just to avoid blaming, they will
be interested in building a good relationship with you’ [Business Development
Manager, Companyl].

Actors within networks were compromising the risk and cost of committing to a
strong tie with the reciprocal benefits that can be obtained. This explains why in
Company2, as an early mover in the market, building strong ties and trusting rela-
tionships used to require extra time and scrutiny to decide on the credibility of other
actors and to guarantee confidentiality when introducing new solutions. Company1
and Company3 (but especially the former) had different dynamics, since actors
exhibited easier development of strong ties as these companies are usually late movers
in following the technological trends set by Company2, which further supports and
develops the second research proposition:

* P2: Project networks that evolve from weak into stronger ties optimise stakeholder value
through promoting trusting partnerships and cooperation that assist in making
rvelevant decisions and increase the likelihood of idea adoption.
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4.3 Cognitive network attributes

This dimension explores actors’ understanding of project ideas, needs and goals;
both the level of similarity and how it changes throughout the front-end for better
alignment. The last finding insists on building mutual understanding and a similar
background within project networks to optimise stakeholder value in the front end.
Bridging mental and business gaps among actors was necessary to avoid divergence in
understanding project underpinnings (Figure 4). Mutual understanding helps blend
the needs and requirements of network actors (i.e. idea generation) into commonly
shared objectives (i.e. idea development) that are later finalised in a convincing
project proposal submitted to decision-makers to be agreed on (i.e. evaluation and
definition).

As shown in Figure 4, in the idea generation phase in which the kick-off meeting
takes place as the first formal point of discussion, divergent understandings of the
project vision were found to surface due to the diverse backgrounds of the actors
involved. Network actors, in this early phase, were cognitively biased to perceive
ideas and concepts in a way that better serves their own interests and priorities. Such
behaviour was reinforced by the existence of many weak ties and the poor cooperation
and coordination among network actors:

‘One of the reasons why this project was delayed is that each party had different
intevests. We had two major stakeholders and each one needed something from the
project that the other did not care about. The first one is from the Business side, and
only wanted to launch to claim digitalising a product. While the main intervest of the
other Technical guy was to deliver the new product rather than the old product; the
Technical team only wants to deliver’ [Project Management Office Manager, Com-
panyl].

In the idea development phase, having closer ties and dense communications
facilitated similar understanding among network actors. This was more noticeable in
projects where networks were early finalised, which allowed for a longer period of

adaptation needed for actors to be aligned through framing mutual interpretations of
ideas and concepts:

Full view of network attributes in the front-end
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Figure 4.
The full network attributes preferred for optimised stakeholder value.
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‘Close the whole cycle from day one, and if it is not closed from early stages, you can
keep closing it. You have to list all areas down to know that this is a pending area that
is still open. But never ever complete the development without closing all areas. You
also need to clarify velated stakeholders at early stages to know the remaining areas or
the pending tasks in this project, so not to miss them later on’ [Product Development
Manager, Companyl].

With more engagement of powerful actors in the evaluation phase, network actors
were able to reach some sort of final compromise about their needs and goals. Power-
ful actors, because of their holistic views gained from their central positions, managed
to trigger collaboration efforts to inform project actors about the reasons for their
recruitment and the top management expectations from their streams. These efforts
also allowed the top management to envisage the potential outcomes, which helped
them amending their decision-making criteria to meet network capabilities and ease
actors’ agreement on project objectives (Table 6):

‘Everything went well in this project because, as the assigned Project Manager, I used to
describe everything to everyone. I started at the very beginning to clarify the goal of the
project to them and what we need from each one of them, and why they were invited. It
is very important to prepare this ahead because it is the vesponsibility of the Project
Manager to clarify to the team why they are joining the project, and then to point roles
or tasks to each one of them’ [Marketing Manager, Company3].

In the start of the preparation, the project vision was not the same for us all. In the
middle of the preparation, I think we shaved eighty percent of the project vision and with
time, it started to increase. In the end of the preparation, the project vision became
clearer for all of us as we had more opportunity to meet and discuss the project idea and
its ultimate goal’ [ Agile Supervisor ¢ Application Development Specialist, Company1].

New project concepts that involve less extant knowledge usually accept various
interpretations and trigger cognitive gaps. These concepts require long time and extra
creativity from network actors to realise their mutual value. They also require having
a common language to collectively understand and exploit the available tacit and
explicit knowledge. This ensures the development of these concepts fits with overall
organisational objectives. The following compares the difficulties faced by project
actors when dealing with both completely new and well-established project concepts
in the exact same context (i.e. Company?2):

In the preparation phase, it was hard to be aligned together since the project was
completely different with zero commercial goals. When we were trying to set the budget

Front-end sub-phase Divergence of Alignment of Disparity of
understanding actors objectives
Idea generation High Low High
Idea development Medium Medium Medium
Evaluation and Low High Low
definition
Table 6.

Social network attributes velated to the cognitive dimension.
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for this project, we started to negotiate and to brief about the outcome that we want
to achieve. It was actually hard in the beginning of the preparation to be aligned with
all stakeholders’ [Channel, Events ¢ Brand Activations Team Leader, Company2].

‘With time moving forward, things were getting clearer, and everyone started to
understand the vision of the project in the same way. The project idea was easily agreed
because it bridges a gap that everyone could see. All participants in the preparation of
the project were aware of its topic and were well prepared. It was noticed that everyone
had enough knowledge about the purpose, the details and the goals of the project’ [Sales
Support ¢ Development Analyst, Company2].

In both situations, twenty-three interviewees explained that selecting the right
communication channels to discuss project concepts was important to improve actor
alignment. While formal patterns were insufficient to reduce divergence in sense-
making, flexible patterns (i.e. formal and informal) were enough to encourage
effective discussions to agree on project objectives:

‘Having misunderstandings or different opinions over a matter happens in all projects.
We have different mindsets, and at the end of the day, I may understand something
that my colleagues might not understand in the same way. But we usually discuss and
get to a middle area either through a meeting or a phone call; it depends on how many
people are involved and who are the people I am dealing with’ (Value Adding Services
Expert, Company3].

Tt is important to select the right communication method; when to communicate
verbally, via emails or by having a meeting. This is because meetings may waste
stakeholders’ time, so they stop responding to other meeting calls. Stakeholders must
feel that they are spending their time on something that adds value, instead of
reading emails to agree on vague points’ [Product Development Manager, Company1].

T learned that by setting the right communication at the right time using the right
channel, I can veach people and make them work together to overcome obstacles; and
by having a clear vision from the beginning that sticks in the minds of everybody, I can
achieve better vesults’ [Consumer Experience € Quality Director, Company3].

It is worth mentioning that in a couple of projects, alleviating the distraction
caused by the functional departments of network actors was critical to
minimise the impact of their business backgrounds on the understanding of
project concepts. In these situations, actors had to separate the locations in which
they meet to discuss project concepts (e.g. designated meeting rooms, subsidiary
locations) from their functional locations where they perform their day-to-day
routine work (e.g. offices, company meeting rooms), which facilitated better
alignment:

‘When we wanted the team members to be isolated to minimise the business interrup-
tion, we invited them to have brainstorming sessions in [the name of a subsidiary
business incubator]. We used to reserve a room there to meet all and discuss the project.
We used to make suve that all stakeholders are included to exchange ideas and be able
to come up with a document that is agreed by all of us in the end of this session’
(Product Development Manager, Company1).
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In the beginning of the project, I tried to create a family-like environment, which
triggeved the idea of the Fibve Wareroom. The Fibre Wareroom is a room where we
brought all team leaders who were working on the Fibre project to have open discussion
meetings. These meetings had no dedicated time because in the beginning of the project,
we needed to have communication between people who were not communicating very
well before. So, we had to make them feel important and have what is needed to
deliver and achieve our global target’ [Fibre Project Manager, Company3].

The choice of suitable communication channels for an organisation is understood
in terms of its workplace and market environments. Company1 and Company3 (but
especially the former) place more value on personal relationships and tend to use
flexible discussions and dialogues. Company2, on the other hand, is more process-
oriented, and for that reason, it has less flexibility. Although flexible communications
may be recommended, the choice of Company? is justifiable since it is the market
leader, which forces communicating behind closed doors and with highly conservative
networks of actors to avoid any leakage of information.

Developing a mutual understanding of project ideas, needs and goals is necessary
not only for better network alignment but also to motivate actors by increasing their
knowledge about the value of their engagement. Actors who are not properly involved
in project visions show fewer links to strategic objectives, thus providing shallow
contributions. This explains why in the satisfying projects, effective discussions were
frequently taking place to reflect on project ideas and concepts and to enhance actors’
exploitation of knowledge, leading to acceptable project definitions. This confirms
and develops the third research proposition:

* P3: Building a mutual understanding among network actors triggers collaboration
efforts that stimulate alignment avound objectives to amend decision-making criteria
and increases the likelihood of project idea adoption.

5. Discussion
5.1 Answering the research questions

The research findings suggested a correlation between carefully facilitated social
capital and optimised project stakeholder value. They identified a comprehensive set
of network attributes that commonly occur in the front end of most satisfying
projects. Following is a reflection on how these findings answer the two research
questions.

The first question is: how does social capital help in managing knowledge and
optimising stakeholder value in the front end of projects? Social capital (e.g. actor
power, tie strength) was found to promote knowledge creation and exchange and
organisational learning. Proper social capital, which is defined based on the identified
network attributes, enables creative ideas to come through, thus determining the
likelihood of the developed solutions to meet stakeholders’ objectives. In contrast, too
much social capital such as excessive interactions and uncontrolled relationships leads
to wasted resources and unwelcome behaviours (e.g. high information load, irrelevant
conversations, procedural breaches and siloing and antisocial behaviours).

Social capital is not like any other project resource (e.g. time, money and technol-
ogy) where always more is better; it should be wisely used to avoid scope creeps and
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catastrophic consequences. For example, while lower stakeholder alignment around
project objectives in the idea generation phase promotes creative insights and diverse
suggestions, it hinders arriving at an acceptable project definition if it continues to
occur in the development and evaluation phases. Social capital hence should not be
haphazardly channelled within project networks, but should be reviewed according to
their unique nature and needs as well as the ultimate front-end goals to optimise
stakeholder value.

The second research question is: what social network attributes should be
maintained to facilitate decisions and optimise stakeholder value in the front end of
projects? Networks should include a larger group of actors with multiple weak ties and
high interaction in the idea generation phase (Table 7). Although these network
attributes may spark issues of control and lower alignment, they allow for accessing a
broader range of internal and external knowledge and facilitate novel concepts. In the
idea development phase, networks are recommended to move into focused groups
with more cohesive and strong ties and higher interaction among core actors. This
allows extra focus on essential expansion aspects to better shape and validate project
ideas to fit with the strategic orientation of organisations.

Moving to the evaluation and project definition phase, higher engagement of
stream leaders and decision-makers should take place to facilitate effective discussions
and encourage alignment around objectives. This higher interaction with desirable
network actors assists in building stronger ties and mutual understanding towards the
evaluation phase, which raises the likelihood of project definition consensus and idea
adoption.

5.2 Theoretical implications

Building on prior research exploring projects as networks of interorganisatioal
relationships [4], this paper identified a list of social network attributes that should be
sought throughout the front end to ensure a higher probability of project ideas adop-
tion. The list extends the one from Kijkuit and Van Den Ende [21] through covering
detailed attributes within the structural, relational and cognitive dimensions of social
networks and discussing the dynamisms in which these attributes interact to optimise
stakeholder value. It also contains some discrepancies to previously identified network

Front-end sub-phase Idea Idea Evaluation and
Dimensional attributes generation development definition
Structural Level of interaction High High High
Network cohesion Low High High
Powerful actors’ involvement ~ Low Medium High
Relational Strength of ties Weak Strong Strong
Cooperation and coordination ~ Low Medium High
Scarcity of knowledge High Medium Low
Cognitive Divergence of understanding ~ High Medium Low
Alignment of actors Low Medium High
Disparity of objectives High Medium Low
Table 7.

The full list of attributes within network dimensions.
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attributes, particularly the ones unique to the explorative, highly dynamic and fast-
changing telecommunication sector.

When looking at key works from Kijkuit and Van Den Ende [21], Morris [1],
Stevens [24], Matinheikki et al. [7] and Sydow and Braun [4], this paper offered a
holistic view of how stakeholder value is optimised in the front end of projects. A view
focusing on the dimensional elements of social capital and networks to promote
innovation capabilities and induce value creation. It is a view that fits with the ‘age of
relevancy’ issued by Morris [1] to ensure that stakeholders’ needs and goals are
driving project initiatives. This revolutionises project management through providing
relevant social indicators of project performance outcomes.

5.3 Practical implications

Social interactions and relationships within projects are usually dealt with as a
secondary resource managed on a situational basis. To explain, project managers only
take actions to address social issues when they occur, without having a prepared
framework to govern them. These situational responses are insufficient to capture the
benefits of social capital. Changing the managerial perception about social capital to
be perceived as an essential determinant of stakeholder value is necessary in modern
project management. Project managers should focus on developing strategic planning
and communication competencies to be able to facilitate proper stakeholder engage-
ment and relevant project outcomes.

Project managers and decision- and strategy-makers can use the proposed list of
network attributes to decide on social dynamisms preferred to navigate the project to
its objectives. These include actor interaction, tie strength, trust and alignment, as
well as when it is best for these elements to take place and their respective weights,
which cannot be allowed to be random. It is of high significance for decision-makers
to decide on these elements to avoid their dark side. This paper explained several
occasions where social capital was administered to reduce the dominance of specific
actors and control their engagement in front-end decision-making. A lesson to
emphasise is that social capital cannot be optimal at any end of the spectrum; it is
optimal when wisely balanced in light of its distinct contextual conditions.

Top management must invest in both formal and informal project relationships.
Such approach fits with recent PMI updates for its PMBOK ™ Guide that included
stakeholder management as one of the ten project management knowledge areas [37].
As noticed in the explored companies, projects where managers supported the devel-
opment of relationships reported higher stakeholder satisfaction. On the other hand,
projects where relationships were restricted, especially the informal ones, reported
more tiresome micromanagement precautions. It is recommended thus that top man-
agement invests in activities that aim to invigorate both formal and informal bonds
among project stakeholders (Figure 5).

Project managers must be engaged from the outset to participate in the generation
of project visions. Traditional perspectives of project management restricted the role
of project managers to planning and controlling the execution of downstream activi-
ties, which led to two-thirds of projects worldwide deemed as failures [38]. Keeping
the project manager remote from the front end creates a gap between what is origi-
nally envisaged and what happens in reality. Modern and future project management
is required to emphasise a social view where project managers are involved from early
phases to reflect on project visions and link them to stakeholder needs, requirements
and objectives to enhance their value accrual and guarantee their satisfaction.

159



From Theory of Knowledge Management to Practice

Desirable Outcomes

Speeding up the
approval cycles

Bonding Activities Reducing bureaucracy

restrictions

Segregating
interorganisational
teams from their

: : Impact on Stakeholders Encouraging faster
functional duties to delivery
focus on project-related
ones Collaboration
and Bridging mental and
knowledge structural gaps
exchange

Designating specific
locations to effectively Addressing questions
discuss obstacles and to and concerns
suggest immediate
solutions to facilitate
them

Increasing interaction
and cooperation

Modifying decision-
making priorities

Figure 5.
Bonding activities and their desirable outcomes.

6. Conclusion

This paper employed a three-dimensional lens to explore the impact of social
capital and networks on the value created for stakeholders in the front end of projects.
The paper sought to develop a holistic understanding of the dynamisms that govern
the use of social networks and resources to increase the probability of project ideas
adoption. To do so, it linked the extant literature about social capital impact on
organisational performance to the management of the front-end phase that is
characterised with a highly fuzzy and explorative nature.

The central conclusion of the paper is the necessity of redirecting the efforts of
project management researchers and practitioners from the basic notions of how to
secure extra organisational resources to developing efficient ways of using what is
available. This efficiency can only be generated in the minds of employees and stake-
holders; thus, knowledge and social resources must be the focus. The ability of project
stakeholders to collectively utilise their tacit and explicit knowledge is critical for
modern project management. Having limited resources is a common project con-
straint that must trigger novel and creative concepts and outputs to allow organisa-
tions to achieve their sustainability and expansion goals.

Creating value in the front-end of projects is dependent on the willingness of
stakeholders to utilise their social resources to reduce fuzziness. This requires manag-
ing both the internal and external network channels to encourage their collaboration.
Similar insights are not new in the organisational theory, but are unclear in terms of
the restraining dynamics in project management, particularly in that on the front end.
The paper explored how social relationships are key in controlling interaction and
collaboration within project networks and how they disseminate knowledge to pro-
vide a conventional context for decision-making. The paper also explained how these
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social relationships are tied to the variations in the power and positions of actors
within project networks, which determines their access to knowledge, thus their
importance and centrality for front-end stakeholder value optimisation.

Social network attributes decide the level of knowledge creation, exchange and
exploitation, which affects stakeholders’ perceptions of value. Project networks that
have high interactions, strong relationships, intense communications and the right
engagement of actors are more likely to develop creative and innovative ideas. The
combination of these attributes constitutes the limits of using stakeholders’social
capital resources, which are then moulded according to the unique circumstances and
confidentiality of the project and the changes in the market dynamics of the parent
organisations. This forms the basis of the ability of stakeholders to come out with a
sophisticated project proposal and an agreed definition that reflects their needs and
expectations and that is then perceived to be satisfying on all business levels.
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Chapter 10

Knowledge Management as a Prism
to Better Distinguish Useful Forms
Derived from or Inspired by Games
or Play Activities

Stéphane Goria

Abstract

Games, play and, by extension, gamification, or playification activities can be
seen as sources of inspiration for the development of many and varied devices. The
scientific literature on the subject and the tools, activities, or systems used are in
full development and focus as much on the characteristics of the forms as on the
characteristics of the components themselves. It therefore seemed appropriate and
justified to link these uses to knowledge management. Indeed, each aspect of knowl-
edge management can be associated with one or more categories of serious games,
serious play, game with a purpose, game-derived, etc. Knowledge management can
thus be used as a model for a meta-analysis of game-derived forms employed within
organizations. It seems equally relevant to us to reflexively question the categories of
jobs inspired by and derived from games, and to define their main characteristics, as
contributions to the strands of knowledge management. A whole field of practice and
study can thus be revealed at the intersection of those of knowledge management and
forms of devices or professional tasks more or less inspired by games.

Keywords: serious game, game with a purpose, game for purpose, wargame,

empathic game, agile game, serious play, serious gaming, gamification, gameful design,
playful design, disengamement, knowledge acquisition, knowledge capitalization,
knowledge creation, knowledge mapping, knowledge sharing

1. Introduction

The game has taken an important place in our societies. Its use can be purely
recreational, but it can also be motivated by an additional utilitarian purpose, inde-
pendent of leisure. It is within this context that we consider knowledge management
in this chapter as a means of considering all these new types of jobs, more or less
diverted or inspired by games. This perspective is not fundamentally original. We
share it with other researchers [1-11]. However, these works only present a particular
vision, an aspect, of what exists as forms inspired by play or games in connection
with knowledge management, or propose a very quick review of the main existing
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categories. This chapter provides a more comprehensive overview. Thus, like other
authors [12-17], we approach knowledge management by expressing it through five
main components or sub-processes, which we group as follows: (A) identification and
mapping of knowledge, (B) acquisition and updating of knowledge (present in the
organization), (C) sharing and use of knowledge, (D) formalization and capitaliza-
tion of knowledge, (E) creation and transfer of knowledge for innovation. As we
progress, we discuss a variety of forms derived from games contributing to each of
these processes. We cannot be exhaustive, as these forms are numerous and varied
[18], but we aim to give you a sufficiently broad and varied overview to allow you to
have a fairly comprehensive idea of the existing major categories. However, before
addressing these categories, it seems necessary for us to define what a game can be
and, by extension, a serious form derived from games.

2. Play and games characteristics

Games and play give rise to multiple proposals that draw more or less inspiration
to solve problems and provide support that goes well beyond the playful sphere. In
fact, to have a correct understanding of this field of applications, it seems important
to quickly discuss the main characteristics of purely playful forms and then focus on
serious gaming forms.

For at least 70 years, gaming activities have been perceived as distinct from
non-gaming activities. We have a set of criteria to characterize them, inherited from
Johan Huizinga [19] at the international level and from Roger Caillois [20] in a more
Francophone context. According to these two authors, an activity can be qualified asa
game if it meets the following conditions:

* it must be practiced freely by its players;
* its boundaries must be recognizable in spatial and temporal dimensions;

* from the players’ point of view, it must be easily possible to distinguish a limited
duration, that is, a playtime (at least, its beginning and end) and the boundaries
of the space that accommodates it;

* the activity must be subject to accept and known rules by its players;
* it must be an escape from reality (be fictional).

These characteristics are common to all games/play and contribute to establish-
ing the identity of each one. Roger Caillois added to Huizinga’s characteristics the
conditions of unproductivity and uncertainty in the course of the game or play. The
unproductive nature means that the game itself does not produce anything. As for
the unproductivity aspect, it requires that players cannot predict the entirety of
the game’s progression, including its duration. Moreover, Caillois also removed the
requirement for the development of a feeling of tension and joy on the part of the
players, which Huizinga had among his characteristics but did not find in games
played seriously.

By proposing that the activity be unproductive rather than free (as initially
proposed by Huizinga), Caillois incorporates the possibility of transferring goods
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from one player to another within the framework of a game [20]. The total amount
of money involved in the game at the beginning must be the same at the end of the
game. This allows for the inclusion of games such as Poker and other Casino games
in this definition. However, in the case of Lotteries, there is a concern, as typically
a portion of the money wagered is used to fund another activity (e.g., a charity). To
still consider these activities as unproductive, it is possible to view the funding that
motivates them as an entry fee that the player must pay to access a game, but this
distorts Caillois’s criterion of unproductivity slightly.

With these last two examples of games, the issue of the association between
seriousness and play arises. According to Caillois, games can already be considered
as serious forms of play in terms of concentration and involvement of at least some
players regarding the amounts that can be won (or lost). Similarly, the contextual
situation and the stakes involved can make the game much more serious than it
should be. Let us recall, for example, the chess matches between Bobby Fischer and
Boris Spassky or those of Garry Kasparov and Deep Blue.

For Huizinga, the perspective is slightly different; the playful nature is superior to
seriousness and prevails over the latter. However, with these two authors, we remain
within the framework of classical games, with the exception of certain cultural cases,
such as religious ones (e.g., the case of the whirling dervishes).

But these two authors have avoided discussing other forms closely resembling
games that have been regularly used for at least a few centuries, particularly by the
military [21] or educators [22]. Thus, educational or simulation games (including
wargames or kriegspiels) do not meet the majority of the criteria of Huizinga and
Caillois to be qualified as games. Even if we set aside the criterion of unproductivity,
considering that there will only be a transfer of information or knowledge, it seems
challenging not to consider these games as unimposed (the teacher or military supe-
rior imposing to “play”). Similarly, it is difficult to argue that these games are fully
distinct from real activities (even more so in the case of simulation games, including
wargames).

We will delve into some of these forms of games designed for serious purposes
in more detail. However, since we just talked about it, we need to already put into
perspective what we mean by a serious objective. Indeed, this serious objective is rela-
tive to the person who has identified it and is trying to achieve it through play. It can
be difficult to determine whether the situation falls under a form of serious play or
not. For example, how would you qualify the situation of a parent who, to accomplish
atask (serious objective) at home, encourages their somewhat unruly child to play on
a console (playful context)?

From the perspective of the encouraging parent, the game is intended to achieve a
serious objective (having a moment of peace to work). From the child’s point of view,
if the proposal is appealing to them, they at least feel they have the freedom to play.

It is therefore quite challenging to define what a game or play can be, and even
more difficult to deduce what a serious game, a game-inspired structure, a serious
playful activity, or a serious activity in the context of play is, etc. There have been
attempts at synthesis, such as that of Wardaszko [23], from which we draw the fun-
damentals. In his doctoral thesis, Wardaszko identified 16 criteria to define a game
based on about 10 definitions proposed by various experts in the field. However, in
the table he produced, it is observed that only two criteria are in consensus or nearly
so: (1) a game includes rules that guide and limit the players in what they can do, and
(2) there is an objective or results to be achieved at the end of the game. However,
these two criteria alone are not sufficient to qualify an activity or structure as a game,
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including serious games. Indeed, if we attempt a definition by reciprocal, there are
far too many structures or activities that do not fall under the category of games

(e.g., the development of a business project follows the rules, presents objectives,

and results to achieve). Therefore, we adopt a third criterion to define a game, drawn
from a French author and game specialist: Henriot [24]. Among his works, he had
mentioned the problem of defining what a game or a game activity is, as the percep-
tion of what a game is also depends on culture, era, and thus the viewpoint. We adopt
his criterion, which qualifies a (3) activity or a structure that resembles another
recognized game as such.

Thus, the three Game criteria (G1, G2, and G3) used to qualify a game or a game
activity are as follows: A game or activity must (G1) strongly resemble a form already
recognized as a game or game activity, (G2) have rules guiding the players, and (G3)
aim for an objective to be achieved that motivates or justifies, at least in part, the
interest in playing it. In addition, we add four other Play criteria (P1, P2, P3, and P4)
that reinforce the playful aspect more than they characterize it. We adopt as the first
Play criterion the one from Huizinga, specifying that (P1) the activity is more game-
like if it also creates a feeling of tension and joy among its players. We note, however,
that this criterion is redundant since it reinforces the one of similarity to another
game and is also quite difficult to assess (observation or questioning of players is
required to determine it). Two Play criteria are borrowed from Caillois. Criterion (P2)
concerns the uncertainty of the game’s progression. It can justify the game itself (trial
and error, exploration of possibilities, challenges to overcome...). It is understood
that criteria (P1) and (P2) are closely related, as the uncertainty of an outcome itself
creates a form of tension during the activity and potential joy in case of success, even
partial. The criterion (P3) is that of play freedom, which we propose in the form
of a corollary. In a serious context, there is play freedom if at least one non-playful
alternative is offered to individuals to perform the same tasks or activities. Depending
on the cases, non-players may not wish to participate in a serious game or a gamified
activity [25], while in other cases, it is the players who may reject a form of serious
game that they do not recognize, while non-players may appreciate this change [26].
By leaving the choice of engagement or non-engagement in a gamified activity or
structure, we can involve all individuals. It also allows for alternating roles and limit-
ing issues of fatigue related to the repetition of the same activities.

We thus have minimum criteria to define a game, while the level of seriousness
that may or may not be associated with it depends on the context of game use and the
engagement of the people participating, considered as players. Therefore, there are
forms of serious games that are closer to pure ludic games and others that are more
distant. Of course, there is a somewhat difficult boundary to place, beyond which the
practice or structure considered cannot be classified as a game. We will also see when
we apply this in a serious setting that it is preferable to add an (P4) criterion to the
criteria already set out, so that the game is not a tool for manipulating people. Indeed,
this would run counter to the ply principle itself.

3. Serious games, serious play, gamification, and others playful or gameful
inspirations

The list of various game or play-inspired structures and activities to achieve a
serious purpose is quite extensive. In this section, the most well-known and comple-
mentary ones will be presented to you.
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3.1 Serious games

The expression serious game was used in the sense it is now attributed in a book
dedicated to the subject published in 1970 by Clark Abt [27], but it took a few years
and the development of serious video games for the term to be widely employed.
However, the utility games discussed in Abt’s book were not video games, which
can be explained by the year of publication. Nevertheless, in the early 2000s, a sort
of equivalence between serious games and serious video games was made. This is
undoubtedly due to the success of video games since the 1970s and the relatively dis-
creet development of other forms of serious games until the last 20 years. We will see
that there are many forms of games related to knowledge management, and whether
they are digital or not does not matter much. But before we establish a connection
between forms of serious games and knowledge management sub-processes, let us
first review some of the most well-known of these forms.

As mentioned earlier in this chapter, the field of education has been the most
fruitful with learning or educational games (edutainment, Edugames, learning
games). However, from the very beginning, serious games do not necessarily serve as
a support for acquiring knowledge or exercising skills specific to a single discipline.
Depending on the learning strategies implemented through games, the approach can
be multidisciplinary, blending communication, informational, linguistic, managerial,
and pedagogical skills [28]. Then, other categories of serious games have appeared,
dedicated to training or exercise through simulation (exergames), advertising (adver-
games), information (newsgames), art (artgames), data collection (datagames), etc.

What these serious games have in common, in addition to the three fundamental
criteria mentioned above, is that they are structures expressly designed as game
structures (if the outcome is successful) so that the people using them find them as
enjoyable as games, but with the complementary objective of achieving a serious goal
by employing them (learning, improving, being informed, raising awareness, creat-
ing a work of art, ...). Most of these serious games have attempted to be appreciated
and create a sense of joy among their players, without necessarily succeeding often.
Of course, we must also include military serious games (wargames) and their practice
(wargaming), dedicated to both training, exercise, and exploration of tactics or other
possible choices. However, the designers of these latter forms have not attempted to
make the gameplay fun; on the contrary, the military domain imposes seriousness in
the very practice of a form of the game [29].

3.2 Games with a purpose

These forms of games have generated others, among which is the category of Games
With A Purpose (GWAP), also known as Games For (A) Purpose. These games are a
derivative of Luis von Ahn’s invention of CAPTCHAS (for: Completely Automated
Public Turing test to tell Computers and Humans Apart) [30]. CAPTCHAS are
designed to engage and employ a large number of people through a digital interface to
assist in performing tasks that are not easily automated. Therefore, they represent a
form of crowdsourcing. Shortly after, the same author, along with Laura Dabbish, pro-
posed small games inspired by CAPTCHAS for annotating, particularly images [31].
This category was called ESP games for ExtraSensory Perception games [32]. Following
this proposal and the enthusiasm generated by this type of serious games, new names
were suggested, such as ‘game-based crowdsourcing’ or ‘crowdsourcing-based game,
but it seems that the term GWAP is now the most widely used.
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In this context, most GWAPs are based on soliciting and employing a large number
of ‘players, who may be more or less voluntary contributors [33]. The early GWAPs
were based on crowdsourcing, which led to the development of other games follow-
ing the same principle. However, we found that the crowdsourcing aspect was not a
necessary characteristic to distinguish GWAPs from other serious games, especially
since it is possible to create games to solve problems (and thus qualify as GWAPs) by
involving only a small group of participants. Such forms may be referred to as micro-
crowdsourcing [34] or swarm gaming [35].

There is another criterion that differentiates a GWAP from other serious games
more easily. In the case of a GWAP, the ‘players’ are workers whose work primarily
contributes to another recipient. In a ‘classic’ serious game, the player is the recipient
and, therefore, the beneficiary of the game’s contribution, which is not the case with a
GWAP. However, GWAPs must still be distinguished from certain gamified structures
developed to encourage people to perform tasks for others at a lower cost, which Ian
Bogost [36] calls ‘exploitationware. Therefore, among serious games that include
GWAPs, there is another criterion to meet to avoid classifying them as exploita-
tionwares or games based on player deception. In a genuine GWAP, participants are
clearly informed, before starting the game, about the use of data or other benefits
derived from the activity of employing the GWAP and its direct beneficiaries. Given
its importance, this criterion is added to the Play criteria mentioned above as (P4).

3.3 Empathic games and other related games

Another branch of serious games that is quite close to both purely recreational
games and GWAPs is that of persuasive games, which were named as such by I. Bogost
during the second half of the 2000s. These are games designed to convey a message
and influence the people who play them in order to raise awareness or convince them
to change their beliefs or behavior regarding a given situation presented in the ‘game’
[37]. In this sense, they can be considered serious games of the goal-oriented type,
whose main objective is to achieve a change in belief among the ‘players, even if,
strictly speaking, they function in the opposite direction of GWAPs (from the game
to the crowd rather than from the crowd to the game). In this sense, they are social
serious games, meaning that their dissemination primarily occurs via social networks
[38]. This aspect made us realize that goal-oriented games, qualified as such by their
creators, generally announce their serious intention before the game starts, which is
not necessarily the case with persuasive games.

Persuasive games would be a kind of empathic games (empathy serious games/
empathic serious games), and Martine Mauriras-Bousquet’s definition [39] regarding
business role-playing games seems to correspond to them if we generalize the con-
text: ‘designed to help executives put themselves in the shoes of their subordinates,
understand their problems, and see things from their point of view. Forgotten for
several decades, these games have been the subject of research again and reappeared
under this name, shortly after the term expressive games. However, it seems that
this expression is mainly used to evoke games that emotionally engage the player, as
in the case of The Walking Dead (Telltale Games) presented as an empathic game by
Caballero [40]. From this perspective, Heidi McDonald [41] also includes romance
games in this category.

Expressive games would be serious empathic games. With empathic games, these
games often share the common feature of encouraging players, through their mechan-
ics, to reflect on sensitive subjects based on sentimental content [42]. They impose
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reflection on a problematic situation experienced by others, while non-expressive
empathic games only offer an additional experience based on mechanisms involving
emotional stimuli. In a very similar vein, we can also mention a specific expres-

sive game, which are designed as recreational games but have the dual function of
prompting players, through the experience offered through the game, to reflect on
areal problematic situation [43]. From this perspective, expressive games are ludic
empathic games, meaning that they are positioned in contrast to persuasive games,
which are empathic serious games. The entire category of empathic games would fall
between these two opposing concepts.

3.4 Serious play and serious gaming

We have just discussed various games designed to achieve a serious purpose in a
more or less playful manner. However, it is not always necessary to create a game to
blend playfulness and seriousness. It is possible to use an existing game or compo-
nents of a game and associate them with a method of use to guide people in a pur-
poseful use of originally playful components. Among these types of usage, the Lego
Serious Play method is emblematic. Imagined in 1995, this method is initially based on
the use of the famous Lego bricks combined with a metaphorical reasoning to allow
people to share a vision of a problem, exchange viewpoints on a situation, etc. After
difficult beginnings and multiple modifications, this method found success in the
early 2000s [44]. Due to its success and the alternative it offers to the design of serious
games, this method has given rise to many others (Playmobil Pro, Business ovigami,
Minecraft serious play).

Although the expression may be ambiguous, some authors [45-47] prefer to use
the term serious gaming rather than serious play to better distinguish it from the
method using Lego bricks. In this sense, when we talk about serious gaming, it refers
to utility activities that involve repurposing a game structure for serious purposes.
However, we note that other authors prefer to use the term serious gaming to signify
that it refers to practices of serious games [48-51], or even to a set of utilitarian uses
of serious games or non-serious games [52]. Bouko and Alvarez [47] prefer to use the
term serious diverting to refer to forms of serious play, but this terminological usage
is limited only to the publications of these authors. We prefer to use the term serious
play, which is more widely used and seems less problematic in terms of interpretation,
as it directly relates to the activity of play. However, to better distinguish serious play
from serious gaming as the practice of a serious game, we add the specific criterion
that serious play requires a person to accompany the players as a facilitator (or even
areferee) of the activity. This can be a participant who takes on this particular role,
but in this case, their practice will be different from that of other participants, as they
will guide and encourage them without directly participating in the reflections and
choices of the other players.

3.5 Approaches combining serious game design and serious play

There is at least one form of practice that combines the design of serious games
and serious play. We have already mentioned this one, which is quite ancient:
wargaming. This activity, primarily conducted by military and diplomatic personnel,
takes various forms. In one way or another, it involves having a game based on a map
and reasoning, argumentation, movement, confrontation mechanisms, etc., present-
ing a specific situation and at least one objective for which the participants/players
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must reflect and provide at least one response. Depending on the problems and
related needs, the activity varies. It may involve designing a dedicated game or simply
adapting an existing game, which will lead to one or more game sessions. These
sessions can take place in various formats, such as seminar wargames [53], course of
action wargames [54], red teaming wargames [54], matrix games [55], depending on
the intended purpose. In these cases, unless the objective is personnel training (where
using a pre-existing game is possible), the design or adaptation of a game is the first
part of a process aimed at addressing a specific problem, and the practical implemen-
tation (game activity) is the second part, thereby increasing the possibilities offered.

In terms of characteristic criteria for these forms, they are simulation games
requiring a facilitator and a referee (it can be the same person), as well as the design
of at least one scenario and a map representing a past, current, or potential situation
as a starting point for the game, along with rules and mechanisms based on real data.
Additionally, concerning the played sessions, they require a preparatory briefing
phase for the players to respond effectively to the posed problem, and once the play
activity is completed, it concludes with a debriefing phase to capitalize on knowledge
and data generated from the play.

3.6 Partial or complete design of serious games or serious play

The design of serious games and other serious activities inspired by games can
take various forms and achieve different objectives. The design of a serious game or
play can itself be a method of learning (learning by serious game or play design) [56]
and address other issues that we will discuss a little further. However, it is not always
necessary to create a game from scratch or design a complete game structure or activ-
ity to achieve the desired goal.

If we consider the game activity, at least two expressions have emerged to describe
this type of transformation: gamification [57, 58] and playful design [59]. Gamification
aims to change people’s attitude directly or indirectly by modifying the context in
which they operate, through the integration of game design elements or elements remi-
niscent of the gaming universe, to make the work context more stimulating. When the
context is changed to bring a more playful touch, some refer to it as structural gamifi-
cation [60], but we find it simpler to call it contextual playful design since the structure
of the work context is still modified. In these cases, the work itself is not changed, but
itis associated with a gamified system that may be based, for example, on gaining or
losing badges and/or experience points, progressing through virtual statuses, add-
ing an esthetic veneer evoking the game, etc. These additions of contextual elements
are supposed to create new interactions with reference to a game, a form of play, or
partially imitating a gaming space. This transformation of the space can be more or less
extensive. It can be limited to elements constituting the decor of a place, such as at the
Google Campus, where the game is present through various esthetic reminders in the
work environment, but without these elements directly affecting the work itself [61].

According to another inverted approach that could be considered a particular form
of goal-oriented game, we can talk about gamification when the game is integrated
into work, and playing contributes to better performance, better support for repeti-
tive tasks, or maintaining a high level of attention [62]. In these cases, the integra-
tion of a game into a given situation changes its configuration and contributes to its
improvement.

In an approach focused on the proper design of a structure by transforming it
more or less using game elements, there is the gamification approach [59]. This also
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applies when designing a game structure or one that strongly evokes gaming and
associating it with a work context to improve conditions or performance. This works
equally well with digital and non-digital inputs. For instance, to raise awareness or
support people in the practice of agile methods (such as project design and manage-
ment methods like Scrum, Kanban, DevOps...), numerous agile games, whose names
are associated with their context of use, have been proposed. Some are genuine seri-
ous games, while others are adaptations of serious play or pure games, and still others
are more gamified structures. To achieve the same goal, there is a reverse approach to
the design process called disengamement (this neologism was created by melding the
terms disengagement and game). This involves using a game as a base and modifying
it to adapt it to the goals [63]. If it is a simple contextualization without changing the
nature of the game, as we mentioned earlier with the case of situational gamifica-
tion and previously with serious play if the way of practicing the game structure

is changed. If the game is slightly modified or adapted without major changes (the
original game is still easily recognizable in terms of mechanics and esthetics), we can
speak of serious modding [47]. If the disengamement process is carried out thor-
oughly, fundamental elements of the game are removed, non-playful components are
added to adapt it to the desired objective, and the game mechanics may even com-
pletely disappear... If we follow this logic of design by transforming a game away from
its nature, at the end of the process, we get a structure that is no longer playful, just as
a gamification process taken to its limits results in the design of a game. Of course, in
practice, these processes and their variants are often alternated to achieve the desired
structure and test prototypes designed gradually.

4. Knowledge management and serious game or play

We have just reviewed various forms, more or less inspired by games or play, to
achieve serious objectives. Now, we will approach them through the prism of knowledge
management, more specifically, the five sub-processes presented in the introduction.

4.1 Knowledge spotting and mapping

Play or Games can greatly inspire organizations to identify and map the knowl-
edge present within them. Firstly, although this applies to each process, the already
employed Knowledge spotting and mapping tools and methods can be gamified or
playfied. Indeed, gameful design and gamification work very well in offering alterna-
tive approaches to what already exists. We prefer to talk about alternative or comple-
mentary approaches because, as mentioned earlier (criterion s3), it is preferable for
the game to be the participants free choice. Even when it involves partial transforma-
tion, it is better to consider two paths that are equivalent in terms of the personnel’s
choices. The first is the use of conventional tools and methods (i.e., without any link
to games). The second path involves an approach evoking games while leading to the
same purpose. If the goal is to populate a database, an ontology, or a map, there is no
reason why both aspects (with or without ludic inspiration) should not be proposed.

If digital tools are used for this purpose, gamification can take the form of limited
badges or points awarded to participants based on their number of contributions. These
badges can also be used to recognize certain expertise within the organization [64].
With different approaches based on crowdsourcing or micro-crowdsourcing that ques-
tion the available skills and expertise using CAPTCHAS or digital games with a purpose,
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the obtained responses regarding expertise-related questions can be cross-referenced

to highlight the most consensual ones (perhaps less interesting, as they are known by a
larger number of people) and the least frequently mentioned ones that deserve verifica-
tion. This type of device can also be applied to the development of a knowledge ontology
[65] or to maps constructed over time and regularly updated, similar to what is used by
Waze, the road traffic tool, through voluntary participants [66]. Another possibility is to
map user experience using a game of questions or a role-playing game based on differ-
ent personas (one per card) [67]. It will then be possible, based on the produced map(s),
to explore available or even missing skills and knowledge and to report on them. On the
same principle, it is possible to create a map in the form of a wargame on a board, show-
ing the strengths and weaknesses of a system or a product (based on an adaptation of a
User Experience map and a list of fundamental parameters) [68].

4.2 Knowledge acquisition and update

Acquiring and updating knowledge can take various forms. Among these, there
is the recruitment of new personnel. Thus, an approach that appeals to games, but
which has also been one of the early successes of serious games, is recruitment
assistance. Some games allow the identification of skills among numerous candidates.
For example, America’s Army was developed by the U.S. military from the core of a
first-person shooter game, Unreal Tournament (developed by Epic Games and Digital
Extremes), in the early 2000s. It significantly improved recruiting new recruits for
many years [69]. Similarly, games in different forms can be used in human resources
for attractiveness and candidate selection purposes, and it is now a commonly consid-
ered solution [70] both in physical and virtual settings.

Among the inspired forms that can contribute to recruitment, those based on crowd-
sourcing (gwap) are quite effective and adaptable to different contexts. For example, by
involving numerous people, some more or less expert, and by cross-referencing their
responses, it is possible to complement the existing data, estimating a date, alocation
[71], relevant keywords (we will return to this in the case of knowledge capitalization).
Similarly, problem-solving by exploring multiple possibilities, drawing on the intuition
and understanding of a crowd of people, can also be envisaged. One of the first suc-
cessful games with a purpose, successfully implemented, this proposition is Foldit [72].
This game was developed from protein folding simulation software to identify efficient
positions to combat viruses (including HIV and more recently, Covid-19). It found a
solution within a few weeks that other forms of computer simulations had not been able
to recognize. This game with a purpose has since inspired others, including Eterna, also
dedicated to medical research, but there are numerous other application domains [73].

It is also possible to use a physical game, such as a card game like Rummy of
attributes, where participants play in small groups (e.g., 3-6 people) to find common
points between elements of the same nature represented on cards (projects, depart-
ments, products, locations, etc.). By recognizing common points or making connec-
tions with different elements that players recognize or are aware of, implicit elements
can be easily collected [74]. By playing this game over time, new data may appear and
complement those already in memory.

4.3 Knowledge sharing and utilization

A wide range of game-inspired approaches can facilitate knowledge sharing, so
much so that we might consider there to be a specific category of play and games with
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a sharing purpose. But among these games and activities two sets are particularly
prominent. Thus, the first set is strongly linked to the context of educational learning.
Indeed, there is an enormous number of serious games dedicated to this purpose, to
the extent that one might believe that the sole function of serious games is education.
The literature about serious game for education topic is extensive, so we will not dwell
on this aspect of knowledge sharing.

The second set is complementary to the first, i.e. to all other forms of knowledge
sharing. It brings together various approaches, of which serious play seems to be the
most prevalent. Indeed, the integration of gaming elements and tools with a method
to guide participants toward a serious objective has been extensively developed in
the last two decades, following the early success of the Lego Serious Play method.
This method paved the way for knowledge sharing by facilitating group interactions
around a table [4, 43]. The generic idea is to gather participants in groups of 4 to 8
around a table and follow the instructions of a facilitator. Participants then build
structures based on metaphors to introduce themselves and often engage in ice-
breaker activities to build trust within the group. They are then prompted to solve
a problem and propose a representation or a solution, starting with an individual
construction, which is later explained to the other members at the table. Finally, the
participants collectively create a construction that represents the problem and/or a
potential solution. We will revisit the contribution of this method to innovation later.
By allowing individuals to express themselves differently and represent knowledge
using toys or symbolic elements, this approach provides alternative ways to share
knowledge. Similar methods based on origami [75], Playmobil figures and toys [76],
or adaptations of digital games, such as Minecraft [77], have also been proposed and
successfully used.

Of course, this is not entirely new. Mannequins were developed as early as the
1960s to train people in emergency procedures [78], and dolls have been used
since the eighteenth century [79]. As we have seen, wargaming is also an ancient
practice that facilitates knowledge sharing and utilization. Regarding knowledge
sharing, we particularly emphasize the interest in the Pros vs. Cons matrix game
method, which can easily be applied outside the military domain. In its basic form,
this system is relatively simple. The facilitator asks participants or players gathered
around a table to present logical arguments in the form of sequences of actions to
be taken to solve a problem or face a situation [55]. Players can oppose each other
(which is preferable for argument development). One player or team presents valid
arguments in favor of a specific action (justifying its potential success), while oth-
ers argue against that action (highlighting its potential failure or at least its limited
chances of success). After a few exchanges around the table and possible arbitration
by the referee, the player who argued in favor of the success of a sequence rolls 2
six-sided dice or 3 six-sided dice (the latter option seems preferable). To succeed
in the sequence, the player must obtain a score higher than the average of the dice
rolls, with a bonus or penalty depending on the number and value of arguments
proposed and validated by the referee in favor (pros) and against (cons) during
the preceding discussion (with 3 six-sided dice, the average score is 11, and if, for
example, there are 3 arguments for and 2 arguments against, the player must roll
a score of 12 or higher to succeed because of a + 1 bonus = 3 pros — 2 cons). This sys-
tem is inspired by tabletop role-playing games, with the referee acting as the game
master. Knowledge sharing occurs gradually throughout the process. It is desirable
that action sequences be represented using figurines, drawings, or a chart to better
track the evolution of events.
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A lighter form that is suitable for planning is the agile game called Planning
poker (or agile poker, scrum poker, etc.). Using a deck of cards, each with a differ-
ent number from the Fibonacci sequence and color-coded into families, the players
evaluate, for example, the time or complexity of a task by choosing one card from
their deck and placing it face down in front of them. Then, all players simultaneously
reveal their cards. Participants with the most extreme numbers justify their choices.
Afterward, each player takes back their card and reevaluates the task. Depending
on the approach, the average scores are calculated or attempts are made to reach a
consensus [80].

As for knowledge utilization, the proposals are more limited but still exist. There
are various forms of simulations, more or less game-like, that train individuals in tasks
for which they already possess some theoretical knowledge but lack sufficient practical
experience. Driving, flight, shooting, handling, sales, medical, and other simulators
fall into this category [4, 81, 82]. These game-inspired forms are not limited to digital
applications, as professional role-playing exercises, although requiring a facilitator,
also represent another form of serious play. The origins of this approach date back to at
least the works of Jean-Louis Moreno in 1946 and are still relevant today [83].

4.4 Knowledge formalization and capitalization

In principle, using games to formalize and capitalize knowledge may not seem
easy. However, some game-inspired forms have been developed for this purpose, one
of which is the design of serious games. Whether digital or physical, all serious games
are forms of formalizing and capitalizing knowledge. The games designed in this
way serve as models and choices of hypotheses and formalization, and it is advisable
to keep track of them. Serious game/play design is also a very interesting activity
when seeking to capitalize knowledge. This mode of design can also be applied to the
development of analog games such as fresk workshops (the climate fresk, the digital

fresk, the circular economy fresk...)". Such a workshop is based on animation relying on
the participants’ reflection to reconstruct a sort of puzzle, which in its design requires
a specific organization based on data organized in the form of a cause-and-effect dia-
gram. These are persuasive games or persuasive play that, in their design framework,
involve direct links with the knowledge they mobilize [84]. Similarly, the develop-
ment of an empathic game (mentioned earlier) is a form of knowledge capitalization
in itself, as the resulting game offers a simulation and sharing of a point of view ona
situation by placing the player in the position of another person at a specific moment.

Another approach is to adapt/modify a serious game dedicated to learning, for
example, to exploit it at a meta-knowledge level. The game then serves as a support
for questions and annotations to better express certain learnings from the game [85].
It is no longer beginners who go through the game’s stages, but experts capable of
providing information on various elements. This is a two-level serious game format.
In a somewhat similar approach, a tool or platform designed for knowledge capital-
ization (by acquiring practices subsequently transformed into virtual reality model-
ing, for example) can be adapted and gamified to complement the information thus
acquired [86].

In terms of games specifically dedicated in their practice to knowledge capi-
talization, we complement this list with two agile games and a type of wargame.

! This is the first and best-known fresk; here are a few examples of sites and workshops dedicated to it:
https://climatefresk.org, https://climateclarity.co.uk or https://www.greenofficeproject.com/climate-fresk.
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Agile games are primarily intended to raise awareness, encourage, or support the
implementation of agile methods. They include numerous games or game activi-

ties designed, adapted, or adapted for this purpose. Among all these games, those
designed for the stage of an agile design process aimed at feedback (retrospective) are
very interesting for knowledge capitalization. For example, games like Speed boat (or
Seal boat) allow a team, via a graphic model (template) where the game consists of
completing the parts, to provide a general update on the activities carried out, and the
team members can together assess strengths, weaknesses, improvement opportuni-
ties, and problems that still need to be addressed [18]. Other agile games (Retrospective
bingo, Game of throne retrospective, Lego retrospective, Starfish...) are dedicated to

this team feedback and make a progress review more interesting and dynamic while
addressing a number of questions that will bring out numerous knowledge that

can be capitalized.

If one wishes to develop a complete sequence of knowledge acquisition, course of
action wargames can be a good model for carrying out such a formula for a civil case.
The principle of this type of wargame is quite simple in itself. An animator and referee
leads participants to think together, either opposing or cooperating while being in
competition, to solve a problem related to a situation. The game relies on a map on
which elements are symbolized by locations, and results of actions are visualized. The
participants develop a list of different possible courses of action (hence the name of
this type of wargame), estimate them according to their risk of realization (success
or failure and consequences in either case), and rank them based on a list of criteria
(e.g., alignment with the set framework, feasibility of the intervention, its originality
and distinction from other proposed actions). Then, the selected courses of action are
played multiple times (in the form of matrix games, for example, as explained earlier)
to complete the evaluation of each plan and gather all relevant information for the
decisions to be made [87]. This type of game can also be used to analyze a past situa-
tion, the options available in relation to what was done and could have been done, to
capitalize all this knowledge once argued, annotated, and proposed in an appropriate
format for storage and future mobilization.

4.5 Knowledge creation and transfer to innovation

There are several serious forms inspired by play or games with the aim of con-
tributing to knowledge creation or knowledge transfer directly contributing to an
innovation process. Some of these forms are related to gamification or playification,
respectively, involving the transformation of structures or non-playful activities by
adding playful elements or even turning them into games.

Firstly, there are different creativity techniques and methods that have been trans-
formed into game-like formats. One example is the Ball toss brainstorming, which is a
simple brainstorming activity combined with a ball that players toss within a limited
time to avoid elimination (each player must propose a new original idea when in pos-
session of the ball). This technique can be supported by dedicated tools, such as the
Qball [18], which is a foam ball containing a microphone that each participant uses to
express their idea more clearly to others. Similarly, the Gamitrization gathers a set of
tools from the TRIZ creativity method that have been transformed into a game [88].
Some of these tools are designed to introduce beginners to TRIZ but can also be used
in creativity sessions. In a different way, the Cubification method proposes combining
several selected characteristics to define a product and its market by forming different
facets of a Rubik’s Cube that each participant constructs themselves [89].
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On the opposite end, some games like Concept or Big Idea can be adapted for use
in brainstorming sessions [90, 91]. The board game Concept can be diverted to help
express ideas only using elements to gain perspective on the problem posed. In the
case of the card game Big Idea, players are required to combine different words and
adjectives on the cards they are dealt to respond to the creativity problem.

Other tools and methods inspired by game structures and game activities can also
be utilized. We have already mentioned the Lego Serious Play method, which also offers
an application framework to support an innovation process [44]. Following the same
principles (small groups of people gathered around a table with Lego bricks and other
objects), this method involves first elaborating on one’ vision of the problem or a
potential solution, then sharing it with others (from one’s table and then other tables),
and finally co-constructing a relevant and original solution with the most advantages.
Similarly, the wargames we previously discussed offer solutions for innovation and
complement the innovation process [92]. For example, there is the technique of red
teaming, which has two variants. The first, red teaming wargame, aims to encourage
reconsideration of a system or situation by proposing radically different solutions
and actions based on a standard situation. This method stimulates creative thinking
by encouraging participants to think differently. The second method is the “red team
method” used in information security, somewhat different and unfortunately, it can be
confused with the former. The red team method is a devil’s advocate method. It mobi-
lizes a team that is assigned the objective of considering solutions to attack the existing
system to identify its robustness and weaknesses [92]. Each weakness then requires
reflection to be corrected and thus contribute to system improvement. Wargames also
allow the simulation of the use of new technology, method, or doctrine to estimate its
potential contribution. This can take the form of a matrix game (as explained earlier).
This method, in addition to the standard wargame tools, only requires the production
of descriptions of the envisaged technology, method, or doctrine. After several games
are played, insights are drawn from the possibilities offered or not, their advantages
and disadvantages, problematic or interesting situations, etc. This method can comple-
ment the prototyping process, with proposals from one method feeding the next
implementation cycle of the other [93]. Finally, in a disengamement mode inspired
by wargames, product confrontation cards [68], mentioned earlier, allow both visual
mapping of strengths and weaknesses of competing products or technologies and,
through matrix game-like reasoning or brainstorming, to consider the next generation
to be developed by choosing to reinforce certain strengths or weaknesses.

5. Conclusions

It is quite challenging to review the major categories of play and game-inspired
forms that can be applied to knowledge management. This chapter is an attempt to
provide you with an overview and the keys to search for or develop solutions that will
be most suitable for your needs. That is why we started this chapter by specifying how
games and game activities can be defined by describing some of their distinct charac-
teristics. Three main characteristics stand out regarding the proposed structure as a
game, which must:

* (G1) strongly resemble a form already recognized as a game,

* (G2) have rules guiding the players,
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* (G3) tend toward an objective to be achieved that motivates or justifies, at least
in part, the interest in playing.

However, even though these characteristics are necessary, considering them alone
can lead to a form of serious game that will not truly interest its audience and will ulti-
mately be rejected. Thus, four other characteristics can help you achieve your serious
objective through a form of Play. They require developing a proposition that should,
as much as possible:

(P1) evoke a feeling of tension and/or joy among its players,

(P2) be partially uncertain in its unfolding,

(P3) be voluntary, meaning it offers an alternative to those who do not want to
play so that they can still achieve the same objective,

(P4) before taking part in this kind of activity, clearly inform participants
about how what is generated by the play will be used and who will benefit
from it.

With these known characteristics, different forms inspired by games and used for
serious purposes have been presented to help you better understand the differences
between serious games, games with a purpose, empathic games, agile games, serious
play, gamification, and disengagement. Indeed, those dedicated to knowledge man-
agement are no exception.

After describing these forms, we have discussed some of the possibilities they
offer in the context of five knowledge management sub-processes. Thus, all stages of
knowledge management can be associated with a form of play. The possibilities are
endless and will continue to develop. If the categories presented are already numer-
ous, it is likely that they will multiply, as this type of approach is experiencing a
renaissance. Fifteen years ago, gamification was barely being proposed, and now it is
part of the common vocabulary of many organizations.

Of course, this perspective can be reversed, and all serious or purely playful game
forms can be analyzed from the point of view of knowledge management. We men-
tioned the case of games with a sharing purpose, which represent a substantial set of
game-inspired solutions. In this way, both the implementation and operation of these
devices can be studied from a knowledge management perspective. The same applies
to the other sets of edutainment devices that we can build up and then analyze on the
same model: games with an acquisition purpose, games with a capitalization purpose,
game with mapping purpose, and games with a creation purpose. On the same prin-
ciple, edutainment devices integrating several knowledge management sub-processes,
such as wargaming practices, can be analyzed under the prism of a complete knowl-
edge management process.

Glossary

Advergames serious game dedicated to advertising, the most of time
is a video game which by the game promotes a brand or
a product.
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Agile game

Agile method

Art game

Business origami

CAPTCHA

Concept

Course of action wargame
(CoA wargame)

Cubification

Datagame
Empathic game (empathy

serious game or empathic
serious game)

ESP game (ExtraSensory
Perception game)
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a game intended to introduce an agile method or to
facilitate its implementation.

method intended for small development teams (5-20
people) aimed at quickly proposing effective, func-
tional solutions adapted to needs from successive itera-
tions of the design process. Since the beginning of the
2000s, its methods have been based on the Manifesto
for Agile Software Development.

an artistic production heavily inspired by video games
or an artistic work that utilizes certain interactive
mechanics and esthetic characteristics of games to bet-
ter engage the audience.

method proposed by the Hitachi Design Centre that
uses numerous pieces of paper with illustrations and
space to write for mapping an environment or problem-
atic situation by pasting, folding and linking different
pieces of paper.

means Completely Automated Public Turing test to

tell Computers and Humans Apart. They are program
developed to engage and employ a large number of
people through a digital interface to assist in performing
tasks that are not easily automated.

aboardgame, designed by Alain Rivollet and Gaétan
Beaujannot, published by Repos Production, based on
the guess of words or expressions through the selection
of icons by a placement of a few pawns on a board.

a kind of wargame or wargame using to consider a
particular situation in order to determine most of the
possibilities, including the best and the most risky.
activity and methodology designed by Héléene Michel
using the construction of an object evoking a Rubik’s
Cube, accompanying a generation of ideas and the
creation of an argument aimed at imagining a new
product or service as well as its strategic positioning
from the combination of different aspects represented
by small square vignettes of different colors organized
on the model of the original Rubik’s Cube.

akind of serious game dedicated to resolve a data col-
lection problem.

akind of serious game designed to help people to
understand the problems of other people by a particular
point of view adoption proposed by the game.

akind of serious game specially dedicated to document
annotation. The player must find the same annotations
for a document as a majority of people or/and an expert

group.
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Exergame

Exploitationware

Expressive game

First-person shooter (fps)

Game

Game of throne
retrospective

Game With A Purpose
(GWAP)

Gamification

Gamified system

Gamitrization

Ice-breaker

Kriegspiel
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contraction of the terms exercise and game, it is a kind
of (digital) device dedicated to training by a simulation
exercise prosed as a game.

term proposed by Ian Bogost to qualified a king of
software which presents itself in the form of a game or
by exploiting numerous attributes in order to motivate,
or even manipulate, people to carry out work-like tasks.
arecreational game with a specific game play which asa
goal to question the player about a problematic realistic
situation presented in the game.

a shooting video game in which the player directs and
controls the movements of a single armed character,
usually seen from behind, in order to use the latter’s
field of vision to shoot various enemies.

akind of structure allowing a play activity, which must
at least strongly resemble a form already recognized as
a game, have rules guiding the players, tend towards

an objective to be achieved that motivates or justifies,
at least in part, the interest in playing, and, as much as
possible evoke a feeling of tension and/or joy among its
players.

game whose purpose is to make the retrospective step,
mandated by many agile methodologies, more enjoy-
able and methodical.

akind of serious game in which the recipient of the
utilitarian results obtained via the game are not those
who play it. These games are most often digital and
based on a crowdsourcing approach, i.e. mobilizing a
large number of contributors/players to solve a problem
via the game.

process of developing or partially transforming
non-game devices by integrating numerous elements
of game design to make them more attractive and
engaging.

a system that has been designed or modified through
a gamification process, i.e. even though itis nota
game, elements of game design can be identified in its
mechanics or aesthetics.

a set of games to train or support the use of numerous
TRIZ tools and methods.

an exercise or game designed to build cohesion and
trust among a group of people who do not know each
other. They are team-building and teamwork facilita-
tion tools.

Historically, this is the best-known early form of map-
based military wargaming devised in Prussia at the
turn of the seventeenth entury. Nowadays, this name is
used for a wargame on map, offered as a ready-to-use
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Lego Serious Play

Matrix games

Minecraft serious play

Newsgame

Persona (user persona)

Play
Playification

Playfied

Playmobil Pro
Pros vs. Cons matrix game

Qball

Red teaming wargame
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package, with a dedicated scenario and a rigid set

of rules to simulate one or more groups of military
action(s).

a methodology for supporting reflection and group
work based on Lego bricks and other Lego objects. It is
available in a range of applications (team motivation,
problem solving, innovation).

a game system imagined by Chris Engle in 1992 and
inspired by tabletop role-playing games, which brings
to wargaming a freedom of action and adaptation based
above all on the players’ relevant argumentation.

a specific version of video game Minecraft dedicated to
education and other serious problem solving, based on
the game’s universe and, most importantly, the possi-
bilities offered by its mechanics of building using small
cubes.

a serious video game designed to inform in the same
spirit as a newspaper or newsflash.

fictional character whose essential characteristics are
displayed on a dedicated worksheet, the purpose of
which is to represent an individual corresponding to a
particular group of people associated with a design or
innovation problem to be solved.

often fun activity based on a set of rules called a game.
A process aimed at making an activity more enjoyable
by incorporating game elements into it without altering
its structure.

the result of integrating playful considerations into

the way you use or approach a non-playful structure
without modifying it. For example, holding a work
meeting using Lego bricks (Lego serious play method)
does not change the nature of the meeting itself, nor its
objective, nor necessarily the place where it takes place.
a serious play methodology based on Playmobil toys.

a category of matrix game system that requires play-
ers on different sides of the argument to put forward
arguments for and against the possibility or difficulty
of carrying out an action. The estimated difference
between the arguments Pros and Cons is then translated
into a score that a dice roll must reach for the action to
be carried out in the game round.

object shaped like a foam ball the size of a handball,
containing a microphone and a speaker, which allows
different people to safely pass it to one another and use
it to speak and be heard clearly in a room.

wargame aimed at developing a critical analysis,
through the exploration of a system’s flaws and/or the
search for radically original but plausible approaches in
the context of a real but simulated situation, all aimed
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Role-playing game

Romance game

Retrospective bingo

Scrum
Seminar wargames

Serious game

Serious gaming

Serious play

Speed boat (Seal boat)

TRIZ

fresk workshops

Wargame

183

at challenging a doctrine, a pre-established situation or
strategic issue.

a game in which each player embodies a single character
(persona), with the exception of the player taking on
the role of game master (narrator, animator and game
referee) in an often imaginary world. The archetypal
tabletop role-playing game is Dungeons & Dragons,
while the archetypal online role-playing game is World
of Warcraft.

a king of video game with for main goal to establish a
romantic relationship between the character pilot by
the player and one or more of the non-player characters
proposed in the game.

game whose purpose is to make the retrospective step,
mandated by many agile methodologies, more enjoy-
able and methodical.

agile method dedicated do software development.

a game mode in which the game is played in the form of
a seminar, bringing together a large number of people
who give their opinions directly during the game or

at the end of the game, via a specific questionnaire
provided to them.

a game that is played for a non-game purpose (work,
learning, awareness-raising, information, etc.). Itisa
utilitarian game that can be digital as well as physical.
The game serves as a medium for carrying out a task,
the playful framework of which is supposed to make it
easier or more motivating.

the practice of serious games, or the hijacking for seri-
ous purposes of a game designed purely for leisure.
professional practice following a precise methodology
involving the use of games or game elements to carry
out a serious task. The best-known such methodology is
currently Lego serious play.

A game whose purpose is to make the retrospective
step, mandated by many agile methodologies, more
enjoyable and methodical.

the theory of inventive problem solving is a set of
creative tools and a Russian-based approach to solving
technological innovation problems, using a formal
methodology initially based on the analysis of a very
large number of patents.

the climate fresk, the digital fresk, the circular economy
fresk.

Simulation of a situation characterized by tension,
crisis, or confrontation (usually military, but not
necessarily) using a utilitarian game based on a scenario
featuring complex interactions between several pro-
tagonists whose roles can be taken on by players.
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Wargaming professional use of wargame, i.e., the playing of a
wargame(s) with the aim of answering a serious
questions.
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Abstract

The chapter presents the knowledge management system, developed in the
context of an interdisciplinary project called TOXIN, for the toxicity testing domain to
facilitate the safety assessment of new cosmetic ingredients. Tools have been devel-
oped to capture existing knowledge captured in Safety Evaluation Opinions docu-
ments issued by the Scientific Committee on Consumer Safety in a knowledge graph,
to enrich this knowledge with knowledge from other sources, and to access this
knowledge efficiently. Ontologies and semantic technology are used to build the
toxicological knowledge graph and its tools. The developed knowledge management
system is based on the processes for creating, maintaining, and exploiting knowledge
graphs defined in the Abstract Reference Architecture. The chapter discusses the
approach followed for developing the knowledge management system, and the tools
developed to support the different processes of the Abstract Reference Architecture.
These tools include end-user tools, as well as more advanced tools for information
technology experts.

Keywords: knowledge graph construction, knowledge consumption, knowledge
graph enrichment, knowledge graph engineering, data lifting, quality assurance,
domain ontology development, end-user development, toxicity testing, jigsaw
metaphor

1. Introduction

Toxicology is a field of science investigating the potentially harmful effects of
chemical compounds on living organisms, including humans. An important branch of
toxicology is regulatory toxicology, in which chemical safety assessments are carried
out in order to permit decisions towards the protection of health against adverse
effects of chemical substances under their conditions of use [1]. Historically, animal
testing has formed the basis for chemical safety assessment. Yet, scientific consider-
ations and ethical constraints have driven a worldwide shift towards using animal-free
methods for this purpose. This has been enforced by Regulation (EC) NO 1223/2009,
imposing a full ban on animal testing in the cosmetics field, but also across other
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sectors, including pharmaceutical, food, and biocide industries, there is a tendency to
address animal-free methods for safety evaluation. This has resulted in efforts to
develop animal-free methods for evaluating the safety of chemicals, incorporating cell
culturing and computational approaches. In general, there are four main approaches
for toxicity testing:

1.In vivo toxicity testing involves exposing living animals to a substance to observe
its effects on their health and behaviour.

2.In vitro toxicity testing involves conducting experiments on cells or tissues taken
from a living organism. This method allows for more controlled conditions, as it
eliminates the influence of other body systems on the effects of the substance
being tested.

3.In silico toxicity testing involves using computer models to simulate the effects of
a substance on a living organism and how a living organism interacts with a
substance. This method relies on mathematical and statistical models and data
from in vivo and in vitro studies to predict the toxic effects of a substance.

4.In chemico approaches aim to utilise an understanding of chemical reactivity to
obtain insights regarding reactivity, aiding in the assessment of toxicity.
Numerous experimental methods exist for assessing reactivity, and there is a
growing trend of translating this information into computational (in silico) tools
to streamline hazard identification. Whether obtained through experimentation
or computation, the in chemico data should be incorporated into a strategic
framework to support the decision-making process.

Although in vitro, in silico, and in chemico testing methods have made advances
in supporting animal-free safety assessment of chemicals, in general, different types
of methods are combined [2]. For instance, the iz vitro approach can be
complemented with computational approaches to gather, disclose (i.e. make
available in a suitable form), and maintain (i.e. keep up to date) available toxicological
information of chemical compounds to avoid redundant testing and/or to predict
adverse effects of chemical compounds based on similarity. A wealth of data is avail-
able in the toxicological domain, but the available data is in a heterogeneous and
varied format, including a diverse range of toxicological and risk assessment reports,
regulatory standards, and guidelines. Manual searching through the different docu-
ments, reports, and data sources is current practice when information is required. This
is a time-consuming process, and, in addition, aggregating knowledge and subse-
quently searching, analysing, and inferring implicit information from the integrated
data is hard. Therefore, one challenge in this context is to provide tools for the
efficient access, processing, and analysis of relevant data from the toxicological
domain. Developing such tools is one of the objectives of the interdisciplinary project
TOXIN'.

TOXIN is developing a knowledge management system that gathers and organises
all available toxicity data described in documents issued by the Scientific Committee

! https://ivtd.research.vub.be/irp-non-animal-methodologies-for-toxicity-testing-of-chemical-compouns-

toxin-0
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on Consumer Safety2 about cosmetic ingredients listed as annexed II, III, IV, V, and VI
under Regulation EC No 1223/2009. Each such document, called a Safety Evaluation
Opinion, contains information about experiments (also called tests) of a chemical
compound on e.g. laboratory animals, including information on the outcome of these
tests, as well as the authors’ opinions about the compound’s toxicity. In TOXIN,
semantic technology is adopted to build this toxicological knowledge management
system. By using semantic technology, the information can be structured flexibly.
This is because semantic technology represents and stores information using a graph
data model, which is less rigid than the traditional relational model adopted in rela-
tional databases. This means that information can be added to entities as needed,
avoiding complex data migration. Further, where the schema and data are “tightly
coupled” in traditional relational databases, the graph data model in semantic data-
bases is “schemaless”; the “schemas”, which are called ontologies later on, are
declared as facts themselves, and one can combine several such ontologies. Semantic
technology allows us to express the semantics of the information, provides advanced
querying mechanisms, and allows us to integrate diverse data from multiple sources
into a coherent and meaningful knowledge graph. TOXIN’s knowledge management
system aims to support the non-animal hazard assessment’ of cosmetic ingredients
within the TOXIN project by providing as much knowledge as possible flexibly.

In this chapter, we present the approach followed for developing the knowledge
management system, as well as the tools developed for it. The different tools
support different processes for creating, maintaining, and exploiting knowledge
graphs introduced in Ref. [3] by following the Abstract Reference Architecture
(ARA). Two tools are provided for defining the knowledge graph of the knowledge
management system and filling it with data: an end-user tool, based on the jigsaw
metaphor, that allows the manual definition and filling of a knowledge graph by our
subject matter experts (i.e. toxicologists), and a tool to automatically import toxicity
data previously collected by the toxicologists from Safety Evaluation Opinions in
spreadsheets into the knowledge graph. We also discuss integrating multiple other
data sources from the field of toxicology into the TOXIN knowledge system to facili-
tate hazard assessment of new compounds by presenting the relationships integrating
the different data sources to the toxicologists. Next, we discuss how we currently
tackle aspects of the quality assurance of the knowledge graph. Furthermore, a search
and query tool has been developed allowing toxicologists to explore and search in the
knowledge graph. We also discuss how integrating the other data sources from the
toxicological field can be used to answer questions formulated in the context of
toxicity testing.

The chapter is organised as follows: Section 2 presents the background, i.e. intro-
ducing the concept of a knowledge graph, as well as the concepts of ontology and
vocabulary. Next, the existing ARA framework for engineering knowledge graphs is
presented. In Section 3, related work is discussed. Section 4 presents our approach
towards knowledge management, and TOXIN’s knowledge management system and
the various tools developed so far are explained and demonstrated in Section 5. The
chapter ends with conclusions and future work, which are presented in Section 6.

% https://health.ec.europa.eu/scientific-committees/scientific-committee-consumer-safety-sccs_en
? Hazard assessment, i.e., evaluating the intrinsic property of a molecule inducing toxicity out of the use
context, is the first step of every safety assessment process.
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2. Background

In this section, we provide the background of the work. We start by briefly
explaining the concepts of a knowledge graph, an ontology, and a vocabulary. There-

after, we present the ARA framework on which our knowledge management system is
based.

2.1 Knowledge graph, ontology, and vocabulary

Knowledge graphs use the concept of a graph to describe knowledge of the real
world. In graphs, knowledge is represented with nodes and edges where nodes repre-
sent entities for the real world and edges represent the relationships between entities
[4]. An edge between two entities is called a triple. A triple is an ordered grouping of a
subject, a predicate, and an object. A triple or set of triples can be seen as a directed
edge-labelled graph called a data graph. A data graph may be identified by a name.
Formally, such a named graph is represented by a pair (#, G) where G is a data graph
and # is the unique name (or “name”) of the graph. One can also find the so-called
default graph, which is the only graph without a name.

Graphs can be gathered into a graph dataset. A graph dataset is not composed of
triples but rather by quadruples (or quads), as the name of the graph (if the graph has
a name) is added to the triples: <g,s,p,0> where g is the “name” of the graph and
<s,p,0> is the triple in the graph. Concretely, a knowledge graph is any graph
dataset or combination of graph datasets.

The Resource Description Framework (RDF) [5] is a W3C-recommended abstract
graph data model that allows representing data graphs. A set of triples expressed in
RDF is called an RDF graph, which can be stored in a named graph.

An ontology can be (re)used or developed to specify which type of knowledge is
stored in the knowledge graph [6]. An ontology describes concepts in a domain, the
properties of the concepts, the relations between the concepts, and the domain rules
that apply to them. In other words, an ontology aims to model a domain with as much
precision as possible. In this way, the ontology can be used as a model for the knowl-
edge to be stored, and the knowledge stored can be considered as an instantiation of
the ontology [6, 7]. In this case, the knowledge graph is called an ontology-based
knowledge graph. Using one or more ontologies to build a knowledge graph has the
advantage of providing formal definitions of the knowledge that can be stored, its
meaning, and possible restrictions on what can be stored. This not only provides an
unambiguous description of the knowledge, but it also allows humans, as well as
computers, to process the information and infer new knowledge. These ontologies are
expressed in ontology languages, of which the Web Ontology Language (OWL) [8] is
standardised by the W3C and supports complex reasoning tasks such as concept
satisfiability checking (i.e. can a concept have instances?).

Not all knowledge graphs require expressive ontology languages, which come at
additional computational costs. Another way to represent the semantics of the rela-
tionships within the data graph is using one or more vocabularies, which is a name
given to lightweight ontologies. These ontologies are either built with a less expressive
ontology language or restrict the use of a complex ontology language to those con-
structs deemed “light-weight”. A vocabulary can be used to define class hierarchies,
relation hierarchies, and relationships between classes. A vocabulary can be
represented with RDF Schema (RDFS) [9]. RDFS is an extension of RDF. RDFS is
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meant to infer implicit information from explicit information. For instance, if a graph
contains < Garfield, is of type, Cat> and < Cat,is a subclass of , Animal > , then an
RDFS reasoner can infer that < Garfield, is of type, Animal > . While already powerful
and often used, it does not support complex reasoning tasks such as checking whether
classes (e.g. Cat) can have instances or whether there are contradictions in the model
or the data.

2.2 Ontology-based knowledge graph

As explained in the previous subsection, an ontology-based knowledge graph is a
knowledge graph where one or more ontologies are used to define which type of
knowledge can be stored in the knowledge graph [6].

Note that sometimes, the instances of the concepts and relationships defined in the
ontology (i.e. the “real” data) are also considered as part of the ontology, removing the
strict separation between model and data. However, we follow the approach proposed
by Chasseray et al. in Ref. [7], where the distinction between model and “data” is kept:
A knowledge graph is composed of a domain ontology and an instantiated ontology®. The
domain ontology is used to specify the organisational structure of the knowledge
graph, and as the name indicates, the instantiated ontology is an instantiation of the
domain ontology containing the actual instances (i.e. data).

Furthermore, Chasseray et al. [7] combine ontologies with the OMG’s Model-
Driven Engineering (MDE) approach. MDE defines four modelling levels: data level,
model level, meta-model level, and meta-metamodel level [10]. Following this MDE
approach, three levels are considered for ontology modelling by Chasseray et al.: an
instantiated ontology (i.e. the data level) is defined by a domain ontology (i.e. the
model level), which is an instantiation of an upper ontology (i.e. the meta-model level),
which defines the concepts and relationships needed to define domain ontologies.
Note that the meta-metamodel level of MDE is not used in this approach. We show
this three-levelled structure for an ontology-based knowledge graph in Figure 1.

2.3 Abstract reference architecture

In Ref. [3], the Abstract Reference Architecture (ARA) is introduced to define the
main processes and tasks required during the life cycle of knowledge graphs. ARA
consists of three layers: Knowledge Acquisition and Integration Layer, Knowledge Storage
Layer, and Knowledge Consumption Layer, which correspond to the three major tasks
related to using a knowledge graph in organisations: construction, storage, and con-
sumption. See Figure 2 for an illustration. Each of these tasks consists of sub-tasks:

Upper Ontolo Domain Instantiated
" * Ontology Ontology
Knowledge Graph

Figure 1.
Ontology-based knowledge graph structure based on the Model-Driven Engineeving (MDE) approach (adapted
from [7]).

* or a set of these when the knowledge graph is defined by more than one ontology
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(1) Knowledge graph construction (3) Knowledge consumption

e B

Schema
Development
Interpretation
Data Lifting
Data Annotation
Use
Quality Assurance

ﬁ) Knowledge storage ’
Figure 2.

The architecture of a knowledge graph project depicting the various processes and tasks in knowledge graph
engineering, based on Ref. [3].

1. ARA distinguishes four sub-tasks in the Knowledge Acquisition and Integration
Layer: Schema Development, Data Lifting, Data Annotation, and Quality Assurance.
According to ARA, the first task is Schema Development (i.e. the development of
the domain ontology). Data Lifting transforms raw data (e.g. stored in
spreadsheets or classical databases) into semantic data. Data Annotation deals
with linking and enriching the data with other relevant sources (e.g. other
ontologies, knowledge graphs, vocabularies, or even classical databases),
resulting in interlinked and contextualised semantic data. Quality assurance is
about ensuring that the knowledge graph is of good quality, as one must rely on
accurate data’. In Figure 2, one can see that the outcome of each of these
activities informs the other. For instance, when the schema evolves, the
transformation and integration of data into the knowledge graph may need to be
updated.

2.The Knowledge Storage Layer deals with the storage of the knowledge graph.
Two main architectural options are mentioned in Ref. [3]: (1) reusing existing
data storage and providing mappings between the ontology and the data schemes
of the existing storage and (2) using a graph-based data store.

3.The Knowledge Consumption Layer provides tools for interested parties to
access the knowledge. Examples include search and querying tools.

> The difference between the two is that the former refers to mistakes (e.g. typos) and the latter to domain
axioms not being respected (e.g. an instance cannot be an element of two disjoint classes).
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3. Related work
3.1 Existing tools for supporting hazard assessment

Because the aim of the TOXIN knowledge system is to support the hazard assess-
ment of new cosmetic ingredients, we first discuss existing tools in this context.

There are several approaches to hazard assessment, and various tools have been
developed to support this process. One such tool is the OECD QSAR Toolbox [11],
which is a software application that aims to classify chemicals based on their structural
characteristics and potential toxic mechanisms of interaction. In this way, this toolbox
can provide some support for hazard assessment.

COSMOS NG [12] is another tool and provides a database of toxicity opinions
about several chemicals that can be used for hazard assessment. COSMOS NG also
provides ix silico tools for analysing toxicity data and, e.g. performing category for-
mation. Compared to TOXIN, the datasets used are different, but even for the com-
mon ingredients, only oral exposure studies are included in COSMOS NG and used for
in silico predictions, such as DNA binding or physicochemical properties. TOXIN is
currently based on mainly iz vivo-based hazard assessment with extra input from iz
silico testing (from the OECD QSAR toolbox). Therefore, it can be used to analyse how
in vivo effects are related to the function or the structure of the ingredients.

VEGA HUBS® includes several iz silico models for hazard assessment, which can be
freely downloaded. It predicts several toxicity endpoints, such as liver toxicity, skin
sensitisation, carcinogenicity, and endocrine disruption. Another software available
on VEGA HUB is Vermeer Cosmolife, which has the particularity to incorporate the
context of use (called exposure scenario) and, therefore, can be used also for risk
assessment.

There are other web applications available providing information for a more accu-
rate and animal-free hazard assessment with a focus on one single endpoint, e.g.
Vienna Livertox workspace’, or on multiple endpoints, e.g. SApredictor® and ICE’.

In a broader context, there is a growing interest in developing standardised vocab-
ularies and ontologies that can be used to represent data about different toxicity tests
efficiently [13]. The OpenTox initiative [14] aims to provide a framework for inte-
grating and analysing diverse data sources using an ontology to improve the predict-
ability of toxicology models and support decision-making in chemical safety
assessment.

Tox21 [15] is a research program that seeks to identify new mechanisms of chem-
ical activity in cells and use this information to prioritise untested chemicals for
further evaluation and to develop more accurate predictive models of human response
to toxic substances. One purpose is to provide a screening tool that would quickly
identify potential hazards amongst a long list of potentially toxic compounds.

The work conducted in TOXIN has similarities with the previously mentioned
initiatives. However, it is different in the sense that the main aim of our knowledge
management system is to have a tool that can support toxicologists in the in vitro
toxicity testing of cosmetic compounds by providing reliable and accurate existing

© https://www.vegahub.eu/portfolio-types/in-silico-models/
7 https://livertox.univie.ac.at/

8 http://www.sapredictor.cn/index.php

? https://ice.ntp.niehs.nih.gov/
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information relevant for hazard assessment. In this way, it is more limited in its scope
than the work conducted in Tox21. The OECD toolbox is currently used in TOXIN in
the querying tool to provide a Hazard Evaluation Support System (HESS) for repeated
dose toxicity studies using toxicological categories within the applicability domain of
the tool. The in silico HESS predictions add value to the hazard assessment by pointing
to or against a specific type of toxicity based on the structure of the chemicals.

3.2 Work on linking data related to toxicology

Numerous studies focused on linking data related to toxicology: Ref. [16] focuses
on a comprehensive map of disease-symptom relations, Ref. [17] presents a method
for representing the organisation of human cellular processes in a network and map-
ping diseases onto this network, and Ref. [18] provides an overview of existing work
on integrating genes, pathways, and phenotypes to understand the effects of gene
mutations better. While these studies are valuable contributions to the toxicology
domain, they are specific. Moreover, their approaches may not necessarily apply to
the broader task of integrating different available data sources.

4. Approach

As already explained in the introduction, our approach to knowledge management
and the tools developed for it are based on the Abstract Reference Architecture
(ARA).

Figure 3 provides an overview of the tasks defined for our knowledge manage-
ment system. As described by ARA, the process starts with the Knowledge Graph
Construction process that consists of four tasks: Ontology Development, Data Lifting,
Data Annotation & Enrichment, and Quality Assurance.

Ontology Development is concerned with developing the knowledge graph’s
schema, which is done by means of an ontology, created with an ontology language.

Knowledge Graph Construction /" Knowledge Consumption
a SM expert

‘ % IT expert
AL \ 5 P sovee
S )

§ % Knowledge Storage

Figure 3.
TOXIN’s knowledge Management approach adapted from Ref. [19].
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As already indicated, we follow [6, 7] in the sense that a knowledge graph is the
combination of a schema (i.e. an ontology) and an instantiation of that ontology
(i.e. the data).

The term data lifting is used in ARA to denote the activities related to populating
the knowledge graph. We have foreseen different ways to populate the knowledge
graph in our knowledge management system. Subject matter experts can enter data
manually. However, importing data from non-RDF sources, i.e. from spreadsheets, is
also possible.

In ARA, Data Annotation comprises the activities of linking concepts and data with
other relevant sources (e.g. other ontologies, knowledge graphs, vocabularies, or even
classical databases), resulting in interlinked semantic data. We have called this task
“Data Annotation & Enrichment” to better emphasise that data annotation also
includes linking the data to existing sources. Some data annotation activities can be
done manually by subject matter experts, but linking for the purpose of enrichment
can be more complicated and may need the help of IT experts, although tools can also
be developed for (semi-) automatic data annotation & enrichment.

Quality assurance is about ensuring that no mistakes are introduced into the
knowledge graph and its ontology. This is a complex issue. In general, it concerns two
aspects [20]: (1) the question of whether the knowledge graph has been built cor-
rectly, i.e. according to the requirements, and (2) the question of whether the right
knowledge graph has been built, i.e. does the ontology correctly reflect the domain
and does it contain correct data? Some quality control can be performed by subject
matter experts, more technical aspects can be controlled by IT experts, but manual
quality control is time-intensive. Tools could be helpful in this respect.

The Knowledge Storage process deals with the storage of the knowledge graph. In
this process, we decide how to store and service the data to the various applications
built on top of this knowledge graph. Since we build a knowledge graph with semantic
technologies (i.e. RDF as the graph data model and Semantic Web ontology lan-
guages), we use a triplestore. A triplestore is a name commonly given to RDF graph
databases.

The Knowledge Consumption provides query, search, & exploration functionality.

For the tools, we have followed an end-user approach as much as possible [19]. This
is done because the direct use of semantic technology is often complicated for subject
matter experts who are not technologically skilled. IT experts can be called in, but for
specialised domains, such as the toxicology domain, it may take a long time before IT
experts have familiarised themselves with the domain. In addition, an IT expert needs
to stay available for the complete lifetime of the knowledge management system as
knowledge systems tend to evolve over time, e.g. new properties, relationships, and
concepts may be needed, and new data must be added. Furthermore, during the
Knowledge Consumption process, the assistance of IT experts may be needed, e.g. for
the formulation of (new) queries or for the development of (new) reasoning support.
To avoid being largely or completely dependent on IT experts, we developed end-user
tools where possible. This means that subject matter experts who are not skilled in
Computer Science (in our case, toxicologists) should be able to use these tools with
some minimal training. Ideally, all tasks in ARA should be accessible to subject matter
experts; however, this seems not feasible for some tasks. In particular, automatic Data
Lifting, automatic Data Annotation & Enrichment, Quality Assurance, and Knowledge
Storage may require the assistance of IT experts. For the ontology development and the
manual data input, we used the jigsaw metaphor [21]. The purpose of using this
metaphor was to hide the technicalities of the semantic technology.
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In Figure 3, three different icons are used to indicate who can perform the tasks. If
a subject matter (SM) expert can perform the task, the SM expert icon is used, for
instance, an SM expert can query the knowledge storage. The IT expert icon indicates
that an IT expert should perform the task or at least be involved. The service icon is
used to indicate that a (part of a) task can be done automatically. For instance, Data
Lifting, Data Annotation & Enrichment and Quality Assurance have all three icons
meaning that these tasks can be partially done by subject matter experts, partially by
IT experts, and partially automated.

5. TOXIN’s knowledge management system

We present the tools developed for the knowledge management system of TOXIN
in this section. Recall that the ultimate goal of this knowledge management system is
to support toxicologists in the hazard assessment of new compounds by bringing
together multiple sources of available toxicological information into a knowledge
graph and allowing them to query and search the graph.

The first aim was to gather information about toxicity tests, described in docu-
ments dossiers, called Safety Evaluation Opinions, issued by the Scientific Committee
on Consumer Safety (SCCS) about cosmetic ingredients in a knowledge graph. Each
dossier contains information about experiments (also called tests) of a compound
mainly conducted on laboratory animals. The information includes the quantity of the
compound tested, how it was inoculated, the species on which the compound was
tested, and so on. The dossiers also include information on the outcome of these tests,
as well as the authors’ opinions about the compound’s toxicity. The data contained in
these dossiers are stored in an ontology-based knowledge graph to provide more
efficient access to this data for toxicologists.

The second aim is to enrich this knowledge graph with information from other
relevant sources in the toxicology domain.

Because the development of the knowledge management system is based on ARA,
we describe the tool support for the different tasks in ARA described in Section 4.

5.1 Ontology development support

While ontology development is one of the tasks within our approach, we want to
empbhasise that the purpose of this step is not to allow toxicologists to create full-
fledged domain ontology but to set up an ontology-based knowledge graph, where the
role of the ontology is to define the organisational structure of the knowledge graph.
The ontology that needs to be developed corresponds more with a vocabulary rather
than a highly axiomatised ontology. Therefore, the expressiveness of the developed
tool is kept limited with the aim to curb the learning curve for the toxicologists.

The tool developed for defining a domain ontology is a web-based application built
on top of Apache Jena. The jigsaw metaphor [21], used in the tool to hide the techni-
calities of the semantic technology used, is implemented via the Google Blockly
JavaScript library. The tool is not limited to the toxicology domain, but can also be
used for other domains to define the ontology for an ontology-based knowledge
graph. It is described in detail in [19, 22]. Here, we provide a short description to show
the reader how the tool is used to develop the ontology of TOXIN’s knowledge
management system.
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A predefined jigsaw block is provided to allow toxicologists to define the domain
concepts in the ontology by themselves. In this way, toxicologists can easily define the
domain concepts for which they will maintain information in the knowledge graph.
An example of such a domain concept is “Repeated Dose Toxicity”, which is used
extensively in Safety Evaluation Opinions. Figure 4 shows the web page for defining
this domain concept. On the left-hand side of the page, one can see the predefined
jigsaw block (i.e. top-level blue block “Domain Concept™) that allows specifying the
domain concept. Properties can be added by dragging and dropping the empty Prop-
erty block from the Custom Properties tab in the menu at the left and filling the slots.
Properties have a name, a value type, and an optional default value. In the example,
the first property of the domain concept is named “OECD test nr” with value type
“number” and no default value. Note that we also have the Default Properties tab in the
left sidebar menu, which provides predefined blocks for recurring properties, such as
the property “year”. Re-using these recurring property blocks will improve the con-
sistency of the ontology (as the recurring properties will always be defined in the same
way) and speed up the specification process.

A domain concept can be composed of other domain concepts. In Figure 4, we see
that the toxicologist specified that the Repeated Dose Toxicity concept is further com-
posed of the endpoints of vepeated dose toxicity, the test method of repeated dose toxicity,
and the reliability of test repeated dose toxicity concept. This is shown in the blue
Domain Concept block under the “Composed of” field. The “Composed of” dropdown
allows adding other composing concepts. The dropdown “Is subconcept of” is used to
indicate that a concept is a sub-concept of another concept. This can be used to
introduce hierarchies between concepts. The ontology development process generally
goes as follows (see Figure 5). The toxicologists use general jigsaw blocks to create the
domain ontology, i.e. to define the domain concepts and their relationships needed for
the knowledge graph. For each defined domain concept, a domain-specific jigsaw
block will be generated. These generated jigsaw blocks can then, in turn, be used later
on by toxicologists to compose and fill the knowledge graph (explained in the next

VUB He Manage Domain Concept: Repeated Dose Toxicity

Preview: |LTR ~

Cusiom Propertics
Default Properties

Domain Concepd

Narme: EEEFETET

Figure 4.
Screenshot of the domain concept definition page.
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Figure 5.

Ontology Development Process Using the Jigsaw Metaphor (taken from [19]).

section (Section 5.2.1)). On the right in Figure 4, a preview of the generated jigsaw
block for the domain concept defined on the left is given. In this case, the jigsaw block
contains three puzzle connectors on the right side, one for each composing concept,
and five slots, one for each property.

5.2 Data lifting support

The current purpose of the Data Lifting task of the TOXIN knowledge manage-
ment system is to capture, in the knowledge graph, information about iz vivo tests
described in Safety Evaluation Opinions issued by the Scientific Committee on Con-
sumer Safety (SCCS) about cosmetic ingredients.

5.2.1 Manual data lifting

The first way to do this is by manually entering the information while reading a
Safety Evaluation Opinion. For this, a toxicologist can use the domain-specific jigsaw
blocks generated for the different domain concepts defined in the ontology. For
example, when a toxicologist wants to enter the information from a particular Safety
Evaluation Opinion document, they use the domain-specific jigsaw blocks created
during the Ontology Development Process for Safety Evaluation Opinions (described
in the previous section) to compose a so-called dossier (representing the opinion).
They do so by connecting the relevant puzzle blocks and filling in the value fields in
the blocks (see Figure 6 for a (partial) example dossier). The jigsaw blocks can only
be composed in a restricted way (i.e. as defined in the ontology) and validation for
data fields is provided. Figure 6, for example, shows how a toxicologist filled in the
dossier on “Tetrabromophenol Blue” by adding the report block “Repeated Dose
Toxicity” block (created as shown in Figure 4) and connecting it with other domain
concepts to complete the report. After that, the toxicologist filled in the different
property values corresponding to the information found in the safety evaluation
opinion™.

In order to save time during the manual entering of data and also to ensure that
similar data is always entered in the same way, the tool allows the user to save block
structures so that they can be reused in multiple dossiers as is. For example, the
“Repeated Dose Toxicity” block shown in Figure 6 could be saved as a block structure.
Then this block and all its sub-components (i.e. blocks attached to its right) will
appear in the tab “saved block structures” depicted in Figure 7. These saved block

10 https://health.ec.europa.eu/system/files/2021-08/sccs_o_232_0.pdf
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Figure 6.
Jigsaw Block composed for the dossier “Tetrabromophenol Blue”.

Figure 7.
Screenshot of the dossier creation page’s saved block structure tab.

structures can be dragged and dropped as a whole, which saves time when composing
another dossier.

5.2.2 Automatic data lifting

In the past, the toxicologists of the TOXIN project used spreadsheets to structure
and store information from Safety Evaluation Opinions. Because a considerable
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amount of time was spent on creating these spreadsheets, it was decided to develop a
tool to import the data into the knowledge graph automatically.

We have used R2RML to transform the spreadsheets into RDF. R2RML is a W3C
Recommendation for transforming relational data into RDF. Although spreadsheets
are not relational databases, once stored as comma-separated values (CSV) files, they
can be considered as containing relational data (i.e. rows with attributes). R2RML
engines (and dialects) such as RML [23] and R2RML-F [24] provide support for CSV
files. We have chosen to adopt R2RML-F as this particular engine loads the CSV files
into an in-memory relational database, which allows manipulating the data in the
records with SQL prior to generating RDF.

The only requirement is that the CSV files are well-formed (e.g. the first row
contains the names of attributes and no duplicates are allowed). This requirement is
ensured by the people curating the spreadsheets. The advantage of using R2RML is
that when new spreadsheets need to be transformed into RDF, one only needs to
specify new R2ZRML mappings (which can be done by an IT expert). So far, data from
93 scientific opinions dealing with 88 different cosmetic ingredients, published
between 2009 and 2019 by SCCS, were imported this way.

5.3 Data annotation and enrichment support

The current purpose of the task is to facilitate access to relevant toxicological data
and provide answers to specific questions that the toxicologists formulated (see
below). In a later stage, the annotations and enrichment could be used for Al-based
reasoning.

First, simple manual data annotation is possible while defining the ontology and
entering data. For a dossier, a link to the Safety Evaluation Opinion file for which the
dossier is created should be given. For a domain concept, an IRI referring to a relevant
source can be provided (see Figure 8). When references to other ontologies or RDF
datasets are provided, users effectively create Linked Data’l.

Furthermore, a method for integrating multiple toxicological data sources and
linking them with the TOXIN knowledge graph has been developed and applied [25].
The method starts with identifying the desired capabilities of the enriched knowledge
management system by means of so-called Competency Questions [26]. Currently,
the following competency questions have been formulated:

1.Knowing some adverse effects observed in a subject, what diseases or toxic
processes may affect this subject?

2. Which biological processes or pathways are affected by a certain disease?

3.The functioning of what gene or protein is impaired by some toxic process?

These questions helped to select the potential sources for the enrichment. In
collaboration with the toxicologists, the following sources were selected: TXPO [27],

OGG [28], Uniprot [29], Reactome [30], Kegg [31], and CTD [32]. We furthermore
identified the Gene Ontology (GO) [33] and Gene Ontology Causal Activity Modelling

" Linked Data is an initiative in which one published RDF data according to specific best practices that
result in interconnected data stored on different servers; a Web of data.
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Figure 8.
Web page for domain concept creation and modification showing IRIs to velated sources.

(GO-CAM) [34]. GO is a comprehensive and structured data source that classifies and
describes genes and gene products based on their biological functions, cellular loca-
tions, and molecular activities. GO is a resource that many of the other initiatives
reference in their data.

The ToXic Process Ontology (TXPO) is an ontology designed to represent causal
relationships between toxic processes. Its purpose is to clarify the toxicological mech-
anisms from latent to toxic manifestations in order to help in drug development.
Similar to TOXIN, their current focus is on the liver, as it has been identified as one
of the most affected organs upon oral administration of cosmetic ingredients to
animals [35].

TXPO contains a set of human genes that are imported from the Ontology of Genes
and Genomes (OGG). This ontology focuses on offering classes and relationships to
represent genes and genomes in different organisms. TXPO only imports the genes
related to human organisms. TXPO also contains entities and relationships from the
Gene Ontology (GO) [33]. The goal of this ontology is to represent the functions of
genes. To create relationships between a toxic process and the genes or proteins
affected by this process, GO is the perfect intermediate. Some links already exist in
TXPO between a toxic process and the natural processes that it affects. For this, GO
annotations are used that represent the link between a GO term, i.e. a biological role
and a gene product (gene or protein) that assumes this role in the organism. Each
annotation is associated with a proof, which has a weight representing the confidence
in the annotation. We considered the integration of annotations from two sources:
OGG and from the gene ontology resource. This resource regroups annotations
made for a large variety of species and from several different sources. We chose to
integrate only human gene products from UniProt.

™2 http://geneontology.org
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GO-CAM is developed by the GO community and is a modelling approach that
builds upon GO. GO-CAM introduces models to connect GO annotations to represent
causal relationships between gene products and biological processes, providing a more
detailed and explicit representation of molecular events. The GO-CAM approach
allows for the representation of specific regulatory interactions and signalling path-
ways, enabling researchers to analyse and interpret biological data in a more precise
and context-dependent manner. For example, a GO-CAM model could show that the
hyper-function of a biological process positively regulates another process. These
relationships allow toxicologists to track a toxic effect from its starting point to all the
other elements that are indirectly affected. GO-CAM is thus an interesting resource to
represent the different relationships between biological processes.

Reactome and Kegg are two well-known pathways repositories. To integrate
pathways from both repositories, we used associations from the Comparative
Toxicogenomics Database (CTD). CTD combines biological data by manually curating
and linking information from published literature. It offers several files containing the
relationships between different biological entities, and for TOXIN, we used the dis-
ease pathway association file.

To perform the integration of (parts of) the different sources, we defined an upper
structure, which is based on the TXPO ontology that has been developed to be used as
a structure to build ontology-based knowledge graphs. While TXPO offers a set of
classes and axioms, i.e. an ontology, we wanted to use the identifiers of these classes as
individuals. Luckily, using semantic technology allows us to reuse these identifiers in a
different ontology—our upper structure.

For the integration, we have chosen to maintain the original IRIs to uniquely
identify the resources they describe and maintain the authority of the original sources.
However, for the additional links and entities created for the integration, we have
designed our own named graphs to describe them. This choice allows us to clearly
distinguish between original resources and those added as part of the integration. This
architecture is illustrated in Figure 9.

‘Enriched TXPO

GENEONTOLOGY
Unifying Biclogy

© &
s .,
¥ B % -
TOXIN KG TXPO
“tome
Named graphs | Toxicological
L ecosystem
I Inter-linking TOXIN KG and " .
the enriched TXPO :
Ill. Enrichment of TXPO

Figure 9.

Schema of TEKG with the velations between TOXIN KG and the enviched TXPO.
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Tllustration of the possibility of accessing the external sources from which data was integrated through the IRIs.

The decision to retain the authoritative resources’ IRI whenever possible allows
access to additional information about entities in the knowledge graph from the
original data source. An example of this can be seen in Figure 10. On the left of the
figure, we can see three entities of the enriched knowledge graph represented with
Ontodia (see Section 5.6 for more details about Ontodia). When the IRIs of these
entities are visited, e.g. by clicking on them and loading the resource in a Web
browser, the resources on the right of the image appear. This illustrates that we can
access the source data through the IRI representing an entity. In other words, not only
are the resources conceptually integrated, we even have “integrated” systems thanks
to the distributed graph data model offered by RDF.

Concerning the linking of the TOXIN knowledge graph and the enriched TXPO,
two kinds of links can be made. Firstly, direct links can be made between an effect
observed in a dossier and the same effect present in the enriched TXPO. Secondly,
from the observations and the conclusions in a dossier, a domain expert (who has the
knowledge to infer the toxic effects from the observations) can infer “indirect” links
between the dossier and the toxic effects or diseases that affect the test animal. There
is no absolute knowledge about how to link some observations and a toxic effect, and
errors can occur. Therefore, the links are stored in different named graphs. Each graph
corresponds to an individual, a group, or a particular knowledge responsible for
defining the links that it contains. In this way, it is possible to query only some of these
links depending on who made them and on what ground. This type of linking is a
manual process. Another approach is to create these links automatically. For the direct
links, it is straightforward. The task is to infer the relations owl:sameAs between the
TOXIN knowledge graph and the enriched TXPO, and tools exist to find these rela-
tions, such as Silk [36] and Alignment API [37]. Concerning the “indirect” links, some
rule-based mechanisms could be put in place. This is subject to future work.

5.4 Quality assurance support

Currently, the support for quality assurance is limited in our tool to manual quality
checking and the validation of the structure of the data in the knowledge graph by
means of SHACL shapes. With SHACL [38], a W3C Recommendation, one can
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validate RDF graphs, i.e. one can validate the structure of triples in a Closed World
Setting. SHACL provides a set of “core” constructs for declaring rules (value- and data
type checking, cardinality, value ranges, comparisons, ... which can be combined with
a set of logical operators). Validating the knowledge graph with SHACL is especially
valuable in the case of the automatic import of the spreadsheets’ data. A SHACL shape
is a subset of an RDF graph, which can be declared, and to which one can add
constraints.

Because we cannot expect that toxicologists can formulate constraints in SHACL,
we looked for an approach by which the SHACL shapes and constraints can be
generated. How this is achieved is explained in [19].

5.5 Knowledge storage

While quite a few triplestores are available (both free, commercial, and free for
research purposes), we have adopted Apache Fuseki' for managing the storage of triples,
named graphs, and SPARQL endpoints. The ontology is stored in one named graph. The
data that have been lifted are stored in another. Data that have been integrated from other
sources with the enrichment scripts are also stored in dedicated named graphs. This
allows us to separate the ontology and the data, and to ensure that data from various
sources (and possibly with different interpretations) are not mixed up.

5.6 Knowledge consumption support

Knowledge consumption concerns the access and use of the knowledge graph by
end-users. The primary use of TOXIN’s knowledge graph is to provide liver-specific
toxicological information. For this purpose, a web tool has been developed that allows
one to search TOXIN’s knowledge graph from two perspectives; from the perspective
of chemical compounds and from the perspective of health effects.

In the first perspective, one can search the knowledge graph for dossiers (i.e.
Safety Evaluation Opinions) about specific compounds by means of the CAS number,
INCI name, or SMILES string of the compound. For example, HC Yellow n° 2 can be
found using the INCI name “HC Yellow n° 2”, the CAS no 4926-55-0, or the SMILES
string “C1 = CC=C(C(=C1)NCCO)[N+](=0)[O-]”. As a result, a summary of infor-
mation on the searched compound is given; an interface to the OECD QSAR toolbox is
provided to select information from this toolbox for the compound, e.g. the Hazard
Evaluation Support System (HESS) in silico prediction; and a list of the dossiers (i.e.
opinions) that deal with the compound. The dossiers are grouped by the endpoints
(acute toxicity, repeated dose toxicity, skin sensitisation, mutagenicity, and carcino-
genicity). Clicking on such a dossier will show the information stored for the dossier,
such as the OECD guideline number, dose levels, and GLP compliance. The UI for this
perspective is shown in Figure 11.

In the second perspective, the user can search for compounds with dossiers men-
tioning a specific toxicological outcome by selecting a health endpoint. For the
moment, the endpoints acute toxicity, repeated dose toxicity, and toxicokinetics are
supported by the tool. As a result, in the “compound view” all relevant dossiers
ordered by compound are listed (see Figure 12 below); the “Opinions view” lists the
relevant dossiers (i.e. opinions) directly (similar to the bottom part of Figure 11).

'3 https://jena.apache.org/documentation/fuseki2/
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Figure 11.
Partial screenshot of the search result of the chemical compound “HC Yellow n° 2.

The user can easily filter the output by the type of test conducted (in vivo and/or

in vitro) and by whether OECD guidelines were employed. Moreover, extended filters
can search for values in certain parts coming from the opinions. The Ul for this
perspective is shown in Figure 12 for the “Repeated dose toxicity” health effect.

A dedicated tool for querying and searching the enriched Knowledge graph
described in Section 5.3 has yet to be developed, but an existing tool, Ontodia [39], has
been used to show that the competency questions formulated by the toxicologists can
be answered. Ontodia is a tool allowing one to visually explore a triple-based
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Figure 12.
Screenshot of the search by Health Effect: “Repeated Dose Toxicity”.

knowledge graph using diagrams and faceted browsing, providing a way to navigate
knowledge graphs (note that there exist other tools that could also be used for this
purpose, such as WebVOWL'). In Figure 13, we illustrate the answer to the compe-
tency question “Knowing some adverse effects observed in a subject, what diseases or
toxic processes may affect this subject?” Figure 13 presents different adverse effects
that could be observed during a toxicological test, such as “Increasing blood ALP
concentration”. These adverse effects are linked to toxic courses or diseases with the
predicates “has part” and “has context”. These predicates allow one to query all the
toxic courses for which an adverse effect could be observed. Moreover, relationships
between toxic processes are represented. However, it not only allows for finding toxic
processes related to an adverse outcome, but it also allows for the examination of the
relationships between adverse effects, toxic effects, toxic courses, and diseases.

6. Conclusions

In this chapter, we presented the knowledge management system developed in the
TOXIN project to support toxicologists in the animal-free hazard assessment of new

™ http://vowl.visualdataweb.org/webvowl.html
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Hllustration of how the enviched knowledge graph can be used to answer the competency question “Knowing some
adverse effects observed in a subject, what diseases or toxic processes may affect this subject?”.

cosmetic compounds. The developed knowledge management system is based on
the tasks defined for creating, maintaining, and exploiting knowledge graphs in

the Abstract Reference Architecture (ARA), which defines the main processes

and tasks required during the life cycle of knowledge graphs. The knowledge
system is developed as a knowledge graph by means of semantic technology, and
tools were developed for the following ARA tasks: the Ontology Development, Data
Lifting, Data Annotation & Enrichment, Quality Assurance, and Knowledge Con-
sumption.

In addition, special attention has been paid to the fact that subject matter experts,
i.e. toxicologists, should be able to perform most of the tasks by themselves. Where
possible, the tools shield the non-IT users as much as possible from the technical
aspects of the technology used and they are able to use these tools with some minimal
training. For the tasks for which this was impossible, automatic tools were developed
where possible.

The different developed tools have been described. Two tools are provided for
defining the knowledge graph and populating it with data. First, we have developed
an end-user tool, based on the jigsaw metaphor, that allows the manual definition and
population of a knowledge graph by toxicologists. In addition, we developed a tool to
automatically import toxicity data previously collected by the subject matter experts
in spreadsheets into the knowledge graph. A search and query tool has been developed
that allows toxicologists to explore and search in the knowledge graph by means of a
simple web-based user interface and without the need to use the technical query
language SPARQL. Furthermore, we integrated multiple data sources from the field of
toxicology into the TOXIN knowledge graph to further support the hazard assessment
of new compounds. For exploring this enriched knowledge graph, an existing tool, i.e.
Ontodia, is currently used. Finally, we investigated an approach to deal with some
aspects of the quality assurance of the knowledge graph.

For future work, we are considering the use of Natural Language Processing (NLP)
techniques for different tasks. We observed that relying solely on text matching for
searching in the knowledge graph is insufficient, especially when seeking knowledge
from diverse sources. For example, if a toxicologist wants to know which chemical
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compounds raise the value of a particular observation, they might search using the
term “increase”, however, given that different terminology is used to describe this
effect, such as “growth” or “change”, they will miss a few search results. In addition,
sometimes results of tests are entered all together as one large text block rather than as
separate results. Sometimes a value was even considered as a concept or the other way
around when entering the knowledge, which means that searching should not be
limited to the values of properties but also the names of concepts and properties
should be considered.

Last but not least, other future work concerns the addition of a data provenance
layer [40] to our knowledge graph, which will allow to trace who has added which
information and when.
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Acronyms

ALP alkaline phosphatase

ARA abstract reference architecture

CAS chemical abstracts service

CTD comparative toxicogenomics database

CVS comma-separated values

EC European Commission

GLP good laboratory practice (GLP)

GO gene ontology

GO-CAM gene ontology causal activity modelling
HESS hazard evaluation support system

INCI International nomenclature cosmetic ingredients
IRI Internationalised resource identifier

IT Information technology

MDE model-driven engineering

NLP natural language processing

OECD organisation for economic co-operation and development
OGG ontology of genes and genomes

OMG object management group

OWL web ontology language

R2RML relational database to RDF mapping language
R2RML-F extension of R2RML

RDF resource description framework

RDFS resource description framework schema
RML RDF mapping language

SCCS scientific committee on consumer safety
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SHACL shapes constraint language

SM subject matter

SMILES simplified molecular-input line-entry specification

SPARQL standard query language and protocol for RDF triplestores

SQL structured query language

TOXIN non-animal methodologies for toxicity testing of chemical compounds
TXPO toxic process ontology

Ul user interface

W3C world wide web consortium
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Abstract

Marine energy involves capturing power from ocean currents and waves, and nat-
ural gradients of temperature and salinity. In nearly 20 years of modern development,
the industry has generated considerable knowledge around resource assessment, site
selection, technology design, manufacturing, testing, environmental effects, and
standardization. The Portal and Repository for Information on Marine Renewable
Energy integrates and connects marine energy knowledge hubs into a comprehensive
and connected knowledge ecosystem with the goal of progressing the industry. The
seven knowledge hubs include the Marine and Hydrokinetic Data Repository for
datasets, Tethys and Tethys Engineering for environmental and technical documents,
Marine Energy Projects Database for deployment activities, Marine Energy Software
for software, Marine Energy Atlas for geospatial data, and Telesto for development
guidance. At an early tumultuous time in the industry, these knowledge management
systems organize vocabularies, retain important early lessons from developers, guide
research activities internationally, inform permitting decisions for regulators, and
provide authoritative sources of information for the public.

Keywords: marine energy, wave energy, tidal energy, knowledge hub, data,
environmental effects, engineering, software, projects, geospatial, guidance

1. Introduction

The marine environment contains vast amounts of energy in the movement of
waves and currents, and in natural gradients in temperature and salinity, which can
be harnessed to provide power. Marine energy (also known as ocean energy, marine
renewable energy, and marine and hydrokinetic energy) has significant potential to
contribute predictable renewable energy to meet rising energy demands, enhance
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grid resiliency, and meet climate change goals [1]. Each marine energy resource is
harvested by a different type of device that optimizes the type of energy, its periodic-
ity, and the scale of the resource.

Waves are generated by wind passing over the ocean surface and friction causing
wave crests to form. The wave climate is determined by local wind waves and swells
caused by distant storms that can propagate great distances. The global wave power
potential is estimated at around 29,500 TWh per year [2], mainly centralized in two
westerly zones along the 40-60° latitude bands in both hemispheres [3]. This amount
of power is approximate to present global power consumption, though realistic
energy extraction is quite variable and is constrained by cost, conversion efficiencies,
energy diffusion, and conflicting ocean use. Wave energy is being extracted using a
variety of wave energy converters (WECs): point absorber, oscillating water column,
attenuator, pressure differential, oscillating wave surge converter, or overtopping
device (Figure 1). The wave energy industry is in the early stages of development
and has few large or long-term deployments on record, though there is substantial
research focused on unlocking wave energy developments.

Currents consist of movement of water in the oceans and exist as tidal currents
and persistent ocean currents, which can be harvested for energy. In addition, the
open flow of large rivers can also be harnessed for energy generation. Tides are driven
by the gravitational pull of the moon and sun, as well as the rotation of the Earth and
achieve fast speeds through flow concentration at land constrictions. Large-scale
persistent ocean currents, such as the Gulf Stream, are driven by winds, the Coriolis
effect, density gradients, and interactions with the continental shelves. Rivers are a
byproduct of the water cycle and gravity, as runoff from precipitation moves from
higher elevations towards oceans or basins. Approaches that completely restrict flow,
such as dams and tidal barrages, are not considered as marine energy. The global tidal
power potential is estimated at around 1200 TWh per year [4], concentrated at inlets
and channels where the landmass constricts flow, though realistic energy extraction
is significantly less. Current energy is being extracted in a variety of forms: axial flow
turbine, cross flow turbine, tidal kite, Archimedes screw, or oscillating hydrofoil
(Figure 2). The global tidal energy industry is more developed than that of wave
energy, with more technology convergence on axial and cross flow turbines, some
longer-term deployments, and the first commercial arrays coming online [5]. The
high energy and often murky waters in tidal areas challenge the survivability and lead
to high costs of deployment and operations [6].

Figure 1.

Examples of wave energy converters tested around the world. Pictured from left to right are Mocean Energy’s Blue
X attenuator deployed in the United Kingdom, Eco Wave Power’s point absorbers deployed in Israel, and Azura
Wave Energy’s point absorber deployed in the United States.
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Figure 2.

Examples of tidal energy turbines tested around the world. Pictured from left to right are Andritz Hydros HS1500
in the United Kingdom, Orbital Marine Power’s O, in the United Kingdom, and Verdant Power’s Gens KHPS in
the United States.

Ocean thermal energy conversion (OTEC) involves harnessing energy from the
difference in temperatures between warm upper layers and cold deep layers at about
800-1000 m depth [7]. Heat is accumulated in the ocean’s surface by solar irradiance,
warming the surface waters in the tropics. The global thermal power potential is
estimated at 34,500 TWh per year [8], concentrated between 30° north and south lati-
tudes where the differential between the surface water and deep-water temperatures
are at least 20°C. All the existing OTEC technologies use heat exchanges in conjunction
with systems that use seawater or a working fluid for power conversion. Several OTEC
demonstration projects have been deployed around the world (Figure 3) and the tech-
nology is emerging as a viable means of baseload power production, as well as provid-
ing ancillary services for freshwater desalination, fertilizing seaweed production, and
seawater air conditioning. High capital costs have prevented commercial scale deploy-
ment of OTEC to date, reflecting the large size of the piping and plant systems.

Figure 3.

Examples of OTEC demonstration projects around the world. Pictured from left to right are the Makai Ocean
Engineering plant in Hawaii, United States, and the Okinawa Prefecture OTEC Demonstration Facility in
Okinawa, Japan. Facility in Okinawa, Japan. Photo provided by Okinawa Prefectural Government, Industrial
Policy Division.
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Salinity gradient generation involves extracting energy from the chemical poten-
tial between saltwater and freshwater, using pressure across semi-permeable mem-
branes or ion-exchange membranes [9]. There is an estimated 1650 TWh per year [10]
of technical potential power generation, concentrated at locations where large rivers
flow into seawater. This technology has limited deployments [5] and is still the subject
of considerable research and development before widespread commercial deploy-
ments will become feasible.

Internationally, the development of marine energy technologies has taken place
largely over the past two decades. As an emerging field, information on marine energy
has been distributed in many formats and locations, and critical lessons learned from
early deployments may have been lost as early pioneering companies were liquidated
or merged [11]. The natural progression of the industry has led to the development of
several knowledge management systems around the world.

The value proposition for these knowledge management systems is to support the
efficient advancement of the industry. Knowledge ultimately creates the foundation
on which new advancements are rooted. Learning from existing efforts yields bet-
ter efficiency by preventing the duplication of activities. Knowledge must be well
archived to assess knowledge gaps that inform future targeted research, and widely
accessible for multiple audiences. Dissemination of knowledge may also generate
important financial investments as investors gain a clearer picture of activities.
Creating authoritative sources of knowledge may also prevent the spread of misinfor-
mation among the public. Finally, knowledge management systems and the networks
they support encourage partnerships and collaboration.

Within the United States, early knowledge management systems funded by the
U.S. Department of Energy’s (DOE) Water Power Technologies Office (WPTO)
included Tethys and the Marine and Hydrokinetic Data Repository (MHKDR).
Tethys was developed in 2009 and collects documents on the environmental effects
of marine energy, while MHKDR was developed in 2015 and stores marine energy
datasets generated from WPTO-funded research and development activities. Many
smaller resources and online tools were also created at that time but were scattered
among various websites. In 2018, WPTO funded three national laboratories — Pacific
Northwest National Laboratory (PNNL), National Renewable Energy Laboratory
(NREL), and Sandia National Laboratories (SNL) — to develop a system that would
coordinate these databases and future databases into a single system known as the
Portal and Repository for Information on Marine Renewable Energy (PRIMRE). This
chapter will describe this effort to coordinate databases and knowledge across the
developing marine energy industry.

2. Portal and repository for information on marine renewable energy

As the concept for PRIMRE (https://primre.org) was developed, the team consid-
ered that knowledge hubs like Tethys and MHKDR hosted very different types of data
and information and had intentionally unique designs. These differences precluded
combining the existing as well as future knowledge hubs into a single database.
Rather, PRIMRE was envisioned to aggregate and combine different knowledge hubs
under a single banner with strong internal connections, while allowing each to retain
a unique identity, thereby valuing flexibility over conformity. A gap analysis was
conducted to design and determine the content for five additional knowledge hubs:
Tethys Engineering, Marine Energy Projects Database, Marine Energy Software,
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Figure 4.
Diagram of the PRIMRE system, indicating the seven knowledge hubs and the end users that ave targeted by the
information.

Marine Energy Atlas, and Telesto. These seven knowledge hubs form the ecosystem
of PRIMRE (Figure 4) and will be described in more detail below. Interconnectivity
between the databases was designed as a single aggregate search in PRIMRE, pow-
ered by a published metadata standard [12] and uniform Application Programming
Interface (API) exchanges.

2.1 Design theory

The grand vision for PRIMRE was to create a coordinated ecosystem of industry-
specific knowledge to overcome information barriers for research, development,
and testing to progress the marine energy industry. Each knowledge hub houses a
different format of information including data, documents, deployment activities,
software, resource mapping, and testing guidance. PRIMRE acts as an umbrella that
aggregates the knowledge hubs through a centralized search, while also including
high-level information such as an events calendar, webinars, tutorials on marine
energy, and educational resources. PRIMRE’s goal is to house all relevant types of
information in an appropriate location within the knowledge ecosystem. PRIMRE
addresses challenges that exist around the difficulty in obtaining information that
supports an emerging industry’s existing data constructs. Information availability
challenges are overcome by encouraging information to be made public, centralizing
the information into a one-stop search, providing data and terminology standardiza-
tion, and cataloging information to make it more discoverable and accessible.

225



From Theory of Knowledge Management to Practice

The development of PRIMRE and its knowledge hubs is guided by regular user
reviews and a steering committee. On a rotating basis, two knowledge hubs are
reviewed each year with short surveys that encourage users to interact with and
comment on specific aspects of the website, while their responses remain anonymous.
Feedback is compiled into a report and action items are identified that guide develop-
ment activities. Guidance is also provided by the steering committee that is composed
of non-affiliated marine energy experts across industry, universities, test centers,
and government agencies. This group meets regularly for updates on PRIMRE activi-
ties and provides guidance on critical needs for the marine energy community to the
PRIMRE team.

The primary guiding principle reflected in the architecture of PRIMRE is to follow
the FAIR data principles [13], making data and information findable, accessible,
interoperable, and reusable. FAIR principles are common among data manage-
ment practitioners, but it has also been applied to general knowledge management.
Specifically, PRIMRE is designed to support the FAIR principles:

* Findable: PRIMRE follows a semantic structure with descriptive metadata that
supports queries and machine readability. Significant focus is placed on search
engine optimization and direct outreach to stakeholders. An example of struc-
tural enhancements to support findability was the creation of “signature proj-
ects”, which collate information related to complex projects where information
is decentralized. Signature projects are organizational constructs that aggregate
information across all the knowledge hubs.

* Accessible: All PRIMRE content is free and available to the public, except for some
proprietary data that are subject to moratoriums for a period. For all aspects of
PRIMRE other than content editing, account login walls are intentionally avoided
to reduce barriers that lead to information siloing and limit search engine archival.

* Interoperable: PRIMRE created a simplified metadata schema based on the U.S.
Project Open Data [14] which allows standardized APIs to exchange metadata
between the knowledge hubs and with external databases. Several PRIMRE
taxonomies are controlled for consistency, drawing on international standards
such as the IEC TC 114 [15].

* Reusable: PRIMRE content is always referenced to the appropriate source mate-
rial, by either serving data with associated reports or deep-linking to authorita-
tive source material such as a developer website. All methodologies for content
collection and curation, data processing, and frameworks are made openly
available through documentation.

2.2 In practice

While PRIMRE was originally envisioned to tie together existing knowledge
hubs, it became apparent that the formats for many data and information sources
pertinent to marine energy did not fit into existing knowledge hubs, requiring the
creation of new ones. This led the PRIMRE team to create Tethys Engineering, Marine
Energy Software, Telesto, Marine Energy Projects Database, and Marine Energy
Atlas. Some knowledge hubs effectively live as subdomains under PRIMRE, but
each holds a unique identity, structure, and purpose. This structure recognizes the
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value of content-specific design and branding to create a better user experience. For
example, Marine Energy Software can create unique integrations with GitHub that
show live statistics on recent code releases, and the Marine Energy Projects Database
can generate live graphics that describe marine energy deployments. The user experi-
ence is tailored to the information within each knowledge hub, but users do not need
to distinguish between knowledge hubs to find the information and can access all
information through the PRIMRE aggregated search. By branding each knowledge
hubs as PRIMRE, the system connectivity is underscored.

Collating large amounts of marine energy-specific knowledge in one location
allows for the creation of products that analyze and leverage the information.
PRIMRE is working towards developing “value-added products” that capitalize
upon PRIMRE’s centralized access to standardized, interoperable data sets to provide
insights into industry trends, promote multi-sector analyses, and further advance
marine energy research.

In the spirit of accessibility and discoverability, the PRIMRE team actively engages
with the community including the marine energy industry, researchers, and other
stakeholders. Activities such as search engine optimization, social media engage-
ment, email newsletters, and introductory videos are used to raise general awareness
of PRIMRE and marine energy at large. PRIMRE also practices targeted outreach
including presentations at marine energy conferences, meetings with marine energy
research and industry organizations, webinars, workshops, and more. These outreach
activities are directed at enhancing the impact of knowledge management under
PRIMRE. While many users may stumble across content in PRIMRE from search
engines and are not aware of the broader framework, communicating the integrity of
the system builds trust within the marine energy community, prevents duplication of
effort with other knowledge management systems, and serves as a model for knowl-
edge sharing around the world.

The knowledge contained in PRIMRE is generally technical in nature, but PRIMRE
distills the information for audiences who may be less familiar with the industry. A
“marine energy basics” section was created with introductory information about
marine energy, including animations that demonstrate common technology types,
always linked to more technical resources on knowledge hubs. Educational audiences
have also been considered through directed educational resources, ranging from
coloring books for children to job postings and educational programs for university
and graduate students. Content is often simplified into one-page handouts for better
accessibility.

PRIMRE is a platform and resource connecting the marine energy community.
PRIMRE maintains an events calendar that tracks marine energy conferences, work-
shops, and webinars around the world. A bi-weekly newsletter called the PRIMRE
Blast highlights funding opportunities, job opportunities, industry news highlights,
and new content from the knowledge hubs. PRIMRE also frequently engages with
other marine energy knowledge management systems around the world, including
through an annual international workshop on data sharing [16].

2.3 Next steps

The PRIMRE knowledge hubs are continuously being updated and may undergo
redesigns to improve information organization. The current foci are on reorganiz-
ing Telesto around a simulated marine energy development pathway; merging two
separate components of Marine Energy Software; enhancing marine energy data
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pipelines and data lake architectures within MHKDR; and incorporating international
GIS data into the Marine Energy Atlas. Each of these improvements are detailed in the
later sections of this chapter. Future improvements will be driven by PRIMRE’s DOE
sponsors and the needs of the marine energy community.

The PRIMRE team is continuously pursuing API exchanges between knowledge
hubs and advocates for API development within related marine energy knowledge
repositories around the world. PRIMRE is exploring the integration of large language
models (LLMs) based on recent commercial artificial intelligence releases, to develop
areliable and accurate chatbot around marine energy information, further encourag-
ing accessibility for the public.

3. MHK data repository

MHKDR (https://mhkdr.openei.org/) was developed using a data management
and dissemination platform designed by NREL to make data generated from DOE-
funded marine energy research and development efforts available to the public.
MHKDR protects DOE’s investment in research and development by preserving and
providing access to data, disseminating its data catalog to a network of data shar-
ing partners (Figure 5), supplying context and metadata to search engines, and by
disseminating the findings from DOE marine energy projects to relevant communi-
ties so they may build upon the knowledge and experience gained, avoid duplica-
tion of effort, reduce costs and risks associated with marine energy development,
and accelerate the rate of innovation in renewable energy. MHKDR was built upon
lessons learned from other data repositories and the technologies used to implement
them, however, it was the first repository of its kind to be hosted in the cloud. The
move to cloud hosting aligned with the primary goal of MHKDR, which is to make
DOE-funded marine energy data universally accessible. In addition to a cloud-based
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Figure 5.

Diagram of MHKDRY network of data sharing partners. Metadata from the MHKDR data catalog is
automatically shaved with each of the sites above, allowing users of those sites to access data from MHKDR and
PRIMRE systems.
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architecture, data standardization was also critical to laying the foundation for the
development of marine energy data lakes. However, the practice of standardizing
marine energy research data deviated significantly from initial concepts.

3.1 Design theory

The ultimate goal of PRIMRE’ cloud-accessible marine energy data lake is to
provide universal access to marine energy data. The PRIMRE team realized early on
that high-impact, big data sets like DOE’s U.S. Wave high resolution hindcast data
[17] were inaccessible to many. Despite being publicly accessible, the 28 TB dataset
(as of June 2023) simply could not be downloaded, stored, or utilized effectively by
organizations that did not possess the high-performance computing and big data stor-
age capabilities required to do so. The sheer size of the data inadvertently limited its
availability to only those institutions endowed with the means to utilize it, typically:
national laboratories, larger universities, and big corporations. By allowing free data
processing directly on the cloud, DOE and the PRIMRE team could open access to big
data like the U.S. Wave dataset to anyone, opening the doors for collaboration with
smaller universities, high schools, start-up companies, local communities, and other
sources of innovation.

MHKDR contains hundreds of datasets from many different research and develop-
ment projects. To make data more interoperable and to support the development of a
marine energy data lake, several data standards were developed and advertised to the
marine energy community. The data models, or “content models” as they are called
on MHKDR (https://mhkdr.openei.org/models/), are spreadsheet-based templates
designed to create homogenous data submissions from a curated list of specific data
topics. Data submitters were instructed to translate their data into these spreadsheet
models prior to submission. In theory, the data submitters would accommodate the
data translation exercise as part of their normal data submission workflow because
of the inherent value in interoperable data and their contractual obligation as DOE
funds recipients, which required them to do so. And because MHKDR was both in
control of the standardization format as well as the sole recipient of that format, the
data standardization process would be easy to automate. The spreadsheet-based data
models were meticulously crafted and then locked down prior to being made avail-
able for download. Automated scripts were added to MHKDR that would recognize
content models upon submission and process them, adding their data to a central data
lake. The spreadsheet-based structure of the content models would lend itself nicely
to a centralized, SQL-based data lake.

3.2 In practice

In practice, MHKDR content models had an extremely low adoption rate. Data
translation is time consuming and expensive, especially for non-data scientists.
Project data rarely occurs in tabular format and often requires complicated, multi-
step conversions to be compatible with the content models.

The assumption that project teams would translate their own research data into
standardized formats was fundamentally flawed. Even if required to do so on condi-
tion of receipt of funding, most research and development projects are focused
on solving their fundamental research questions. Almost all project resources are
allocated towards meeting this goal and data acquisition is no exception. Data are
collected and organized within the project scope with little regard for extended use

229



From Theory of Knowledge Management to Practice

beyond the project. Little to no time or budget is allocated for data standardization,
contextualization, or dissemination beyond project team members. Even if such
allocations were planned, many projects lack data scientists or other supporting
staff to help with lengthy or difficult data translations. Lastly, project resources are
finite. Deadlines and unforeseen costs exacerbate project resources and ensure that
they are only spent on critical tasks. In the end, most projects simply submit the data
they have, in whatever state (organized or not) that the data exist in at the end of the
project.

Complicating matters, many critical marine energy datasets are not tabular and
are simply not compatible with spreadsheet-based data models. Wave data, such as the
data featured in the U.S. Wave dataset, are multi-dimensional time-series data that
include information on height, period, shape, direction, and more. These data are best
stored and queried in high-performance computer and cloud optimized data storage
formats. Other datasets on MHKDR are best served in industry standard formats such
as video files, seismic data, or 3D modeling formats. Converting these formats to a
tabular data standard would essentially render them useless to industry. To preserve
the utility of these datasets, the PRIMRE team realized they must be made available in
industry standard formats, even if data model standard formats are more efficient or
more interoperable.

3.3 Next steps

To address both issues, the PRIMRE team has developed a marine energy data
pipeline and integrated it with MHKDR. The Marine Energy Data Pipeline automati-
cally recognizes select data submitted to MHKDR and translates it into standardized
formats prior to making the data publicly available. This allows researchers to submit
data in the format it was generated, directly from instrument or modeling software.
The originally submitted data are preserved for accountability and scientific posterity
and presented alongside the translated data so that users of the data have easy access
to both formats. The data pipeline process shifts the burden of data translation from
the project research teams to an MHKDR data curation team, this way PRIMRE has
made the standardization of DOE-funded research data more efficient. Data scientists
working for MHKDR, trained in data translation and cloud optimization, can do the
heavy lifting, while project researchers can focus on their primary tasks, reserving
more funds for research and development in marine energy. As a result, MHKDR’s
new data standardization policy enables researchers to submit data in any format and
data scientists working for PRIMRE will optimize its utility. The increased burden
to the PRIMRE team is more economical for DOE as the dozens of individual proj-
ect teams no longer need access to a data scientist, resulting in program-wide cost
savings.

The PRIMRE and MHKDR teams are working together to continue to develop
marine energy data pipelines, to automate the standardization and interoperability of
marine energy data, and to make those data universally accessible in the cloud.

4. Tethys and Tethys engineering

Tethys and Tethys Engineering are separate knowledge hubs, which share the
same content types and design frameworks and will therefore be described together
for simplicity. Tethys (https://tethys.pnnl.gov) was developed in 2010 and contains
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a comprehensive collection of international journal articles, technical reports, and
other documents on the environmental effects of marine energy and wind energy.
Tethys Engineering (https://tethys-engineering.pnnl.gov) was developed in 2019

and contains international documents on the technical, engineering, and economics
aspects of marine energy development and operation. Together, these knowledge
hubs cover all topical marine energy areas, providing a fundamental and trustworthy
source of information in the form of technical and scientific documents.

4.1 Design theory

The goal of both Tethys knowledge hubs is to aggregate decentralized informa-
tion into a marine energy-specific repository that serves as an authoritative source for
information to inform research gaps analysis, supporting permitting and regulatory
decision-making, note engineering advancements, and preserve the history of data and
information collection in an emerging science and industry. Scientific and technical
documents are the most fundamental and trusted sources of information, including
peer-reviewed journal articles, technical reports, conference papers, books, theses, and
more. Identification of recent scientific publications is important for building trust that
the knowledge hub is comprehensive. Aggregating and organizing these documents
form the basis of knowledge on which research synthesis can be developed, as well as
providing an information base that can be shared with an emerging industry.

Knowledge collection provides more value when it can be reviewed and synthe-
sized to inform future recommendations for research and development. Progressing
the marine energy industry requires that devices be deployed in the ocean, under
the auspices of national and regional regulatory requirements. Regulators are tasked
with assessing environmental risk of new proposed developments and need a body
of research or experiences to support their decisions. The Tethys knowledge bases
provide comprehensive and organized information that fits those needs. Similarly,
Tethys Engineering provides reliable information that supports the design, prototyp-
ing, testing, and development of marine energy devices, considering harsh ocean
conditions that challenge survivability, as well as optimizing the energy capture in a
cost-effective manner.

The two Tethys knowledge bases act as a platform for disseminating and engaging
with the marine energy industry and research community to enable the development
pathway and meet regulatory standards. Beyond standard search engine optimization
practices, knowledge hubs should perform active outreach and dissemination to a
wide variety of end users. This same philosophy has been adopted by PRIMRE, but
many of the tactics were identified and refined by Tethys.

4.2 In practice

Both Tethys websites are developed on Drupal [18], an open-source knowledge
management system. Drupal provides a robust framework with community-gener-
ated modules to allow customization, integration support with other online tools, and
ongoing support for security updates. This flexibility supported Tethys as it expanded
over time to include additional features such as a marine energy events calendar,
bi-weekly newsletter, webinar archive, interactive tools, export APIs, and more.
Development of the Tethys knowledge bases follows an agile scrum methodology,
drawing on experience and specialties distributed among a team of developers under
the direction of a domain-knowledgeable product owner.
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Content management is an important aspect of knowledge management and
becomes essential when the expectation is that content is required to be compre-
hensive and up to date. Tethys originally explored automated web crawling meth-
ods for content collection, but the approach was quickly abandoned as crawlers
struggled to read unstructured gray literature and fell short of expectations around
identification of relevant content and proper tagging. Tethys has adopted a manual
approach, employing a team of early-career researchers trained in appropriate
entry and tagging, with oversight including refining of tags [11]. User reviews are
conducted annually, soliciting user input on the comprehensiveness of the content,
the functionality of each site, and identification of missing seminal documents.
The continued engagement of a core group of researchers and other stakeholders
support the usefulness and comprehensive content of the Tethys knowledge hubs.
The collection is kept up to date by following domain-specific distribution lists and
collecting input from members of the community. The relative youth of the marine
energy industry assures that nearly all content is digital and can be made available,
pending copyright laws. The Tethys websites exclusively contain documents that
can be accessed with a link or with an uploaded file, so there are no references to
documents that cannot be found. Tethys is unique in that it supports two domain
spaces: marine energy and wind energy. As such, there are filters and divisions
woven throughout the knowledge hub to allow users to choose content matching
their interests.

To support information synthesis, Tethys is the serving platform for several
international collaborations, including a task under the International Energy
Agency’s Technology Collaboration Ocean Energy System’s Environmental (OES-
Environmental) task and the International Energy Agency Wind Committee’s
(WREN) task. These groups leverage existing information to generate extensive
synthesis reports that characterize the state of science for the industry (e.g., [19]),
while also distilling the key information into illustrated digestible summaries for a less
technical audience. International working groups spear-headed the creation of tools
like the management measures tool (https://tethys.pnnl.gov/management-measures).
Tethys Engineering was created more recently and is not currently the platform sup-
porting international working groups or synthesis efforts, so that the impact cannot
be evaluated as well in terms of number of users, name recognition, and references.
This further highlights the importance of synthesis.

Tethys pioneers many forms of outreach and has achieved international name
recognition, substantial visitors, and unanimous support and trust from the marine
energy community. Tethys is technical by nature but attempts to distill information
with the creation of illustrated summaries that focus on specific environmental
interactions (e.g., collision risk of animals with turbine blades), while providing links
to supporting documents as citations. An entire suite of educational materials has
been created for students from primary school through college, including coloring
pages and age-specific webinars (https://tethys.pnnl.gov/marine-renewable-energy-
educational-resources). The team manages a mailing list to send new publications
and industry announcements to nearly 3300 subscribers, effectively providing push
notifications of content rather than waiting passively for users to search for content
on Tethys. Significant effort goes into search engine optimization including crafting
accurate and detailed metadata descriptions, exchanging links with other authorita-
tive websites, improving speed and accessibility metrics, submitting a sitemap, and
remaining stable and authoritative over a long time.
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4.3 Next steps

With separate sponsors funding the wind energy and marine energy sides of
Tethys, there are positive iterative improvements made by each respective sponsor
that draws on the experience of the other. An example was the creation of the man-
agement measures tool for marine energy which catalogs environmental management
and mitigation techniques available to developers; wind energy sponsors requested
a similar tool but geared more towards a catalog of active monitoring technologies
rather than methodologies, and several innovative features were replicated on the
marine energy management measures tool.

Tethys Engineering lacks some community support compared to Tethys and is
more often grouped under the banner of PRIMRE, but it may benefit from engage-
ment with international working groups that can actively perform synthesis of the
content. Leveraging PRIMRE-developed API schemas, Tethys content can be searched
from Tethys Engineering and vice versa to make a seamless connection between the
databases. This is aided by the two sites having identical frameworks, differing only in
content scope.

Both Tethys knowledge hubs are expected to continue steadily increasing in
content and functionality, remaining as backbones of information to support the
advancement of the marine energy industry. User reviews, direct feedback from the
community, and active engagement with researchers, regulators, and marine energy
device developers guide new website development activities. Requests are from exter-
nal knowledge hubs wishing to ingest Tethys or Tethys Engineering content into their
websites becoming increasingly common. The Tethys and Tethys Engineering project
teams are keen to support these requests to reduce redundant creation of competing
knowledge repositories.

5. Marine energy projects database

The Marine Energy Projects Database (https://primre.org/Projects_Database)
originated in 2018 with a U.S. DOE compilation of international planned, ongoing,
and completed marine energy deployments. The list was restructured, expanded,
and converted to a PRIMRE knowledge hub, launching in 2022. The Marine Energy
Projects Database contains international information about marine energy projects,
test sites, devices, and organizations engaged in marine energy development. The
intent of the knowledge base is to support a range of users through transparency of
information, including investors in understanding industry trends to guide invest-
ment decisions, researchers identifying knowledge gaps, regulators finding compa-
rable deployments and forecasting industry growth, marine energy developers in
communicating progress and seeking collaborators, and the public.

5.1 Design theory

The Marine Energy Projects Database is designed with a semantic structure that
clearly defines taxonomies, relationships between content, and supports efficient
querying of content. For example, a device is linked to projects and test sites where
the device has been deployed, as well as to the manufacturer’ organization page. A
semantic structure provides a natural way for users to explore the content, supporting
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intuitively filterable searches as well as natural page progression through content. Live
graphs convey statistics to communicate industry trends.

Content curation is designed to be open to the public so that developers can add or
update their own entries through simple form submissions. This creates transparency
and allows users to take ownership of their content if they wish. However, with the
realistic expectation that the public alone will not create comprehensive and up-to-
date content, a trained team of content curators review and add content on a regular
basis.

5.2 In practice

The Marine Energy Projects Database is created on Semantic Mediawiki [20],
within a subdomain of PRIMRE. It was designed with two different methods of
exploring the system. The landing page is a faceted search that adds results matching
keywords and limits results based on facet filters. This user-friendly and familiar
interface allows the user to explore the entire database but is somewhat limited by
only returning views for a subset of the content, as well as creating some inconsis-
tency between different content types. The second method of exploration includes
a searchable and sortable table view for each content type, highlighting key relevant
fields for specific content types. Content-specific views also support live graphs
with statistics on industry trends. Providing both query options allow for the user to
choose the pathway most suited for the use case of interest.

Creating a highly interconnected database required a mapping exercise to identify
how content is related to each other, including directionality of relationships and
inheritance of properties. For example, a project should identify related devices but
should inherit a technology type from the device. Queries become complex when
mapping both directions and chaining relationships, but they enable a natural experi-
ence when exploring content. For example, searching for an organization that creates
a device will return a listing of marine energy projects where the device was deployed.

Collection of content is uniquely challenging in a dynamic and emerging
industry like marine energy, at times resulting in poorly documented or accessible
information. Content entry is primarily conducted by a team of trained entry-level
researchers with top-down supervision, documented search methodologies, and
internal tracking mechanisms. The content team originally focused on updating the
original list of deployments to match the expanded schema of information fields.
Organizations were systematically updated from company websites and other online
sources such as social media, while associated devices, projects, and test sites were
flagged for updates. New content is discovered by following news releases from indus-
try distribution lists and government funding announcements and by community
suggestions, often from device developers.

5.3 Next steps

Outreach efforts will continue to seek buy-in from developers and manufacturers
to begin updating their own content, while the PRIMRE team will continue to update
content. Information about projects and organizations are rather fundamental to
the industry, and other areas of PRIMRE collect similar information from various
sources. One major next step will be using APIs to exchange the data with other
knowledge hubs to reduce duplication. An example is that the Marine Energy Atlas
receives project information from international sources and therefore has a subset
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of projects listed in the Marine Energy Projects Database, so workflows are being
created so that the international sources feed directly into the Marine Energy Projects
Database, which can be imported into the Marine Energy Atlas.

6. Marine energy software

The Marine Energy Software knowledge hub (https://primre.org/Software) is a
collection of commercial and open-access software relevant to marine energy that
was launched in 2020. This knowledge hub contains a variety of software packages
used by the marine energy community to aid in analyses across the scope of marine
energy such as engineering and technical design, operations and maintenance, envi-
ronmental assessment, economics and performance metrics, optimization, and data
analytics and visualization. While the marine energy industry calls for a breadth of
analyses to be performed, the members of the community often have a more focused
line of expertise, and this makes it difficult to know what software tools are available
to perform other aspects of the marine energy projects that fall outside of their line of
expertise. This created a need for developing a collection of the software tools that are
used by the marine energy community to accelerate industry development and iden-
tify gaps where the availability of software is lacking or underrepresented. This need
led to the development of the Marine Energy Software knowledge hub. Currently, this
knowledge hub is split between the Code Hub and Code Catalog with each developed
around the familiarity and expectations of their respective target audiences.

6.1 Design theory

The main goal of the Marine Energy Software knowledge hub is to provide a space
where relevant marine energy software and content about the software is aggregated and
available for universal access. This goal called for the Marine Energy Software pages to
be hosted on public web platforms. Moreover, an aspect of this universal access goal is to
provide relevant information that will aid decision-making around adoption of indi-
vidual and/or suites of software. Relevant information to display is based on target audi-
ences, because some intended users rely on open-source software while others are more
comfortable using commercial software. Users of open-source software have typically
become accustomed to using version-control systems for software development such
as GitHub and GitLab when it comes to searching and browsing open-source software
packages that they can adopt. This is because these platforms not only allow the software
development to be controlled, but they also allow the potential user to understand how
well maintained the open-source software is and the depth of the adoption among users.
This differs from users of commercial software in that they are more likely to use catalogs
that compare software packages that were developed for specific purposes and do not
necessarily rely on understanding how the software is maintained. This difference in the
target audience called for two separate resources to be developed.

Another goal of the Marine Energy Software Knowledge Hub was to allow devel-
opers to easily maintain content. This is because the marine energy space is constantly
evolving with new needs and software development to address these needs. Thus,
Marine Energy Software was designed to allow new software or new versions of exist-
ing software to be easily incorporated into each resource. Moreover, the ability for
users to also add software was incorporated to allow the community to also contribute
to what is found within the knowledge hub.
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6.2 In practice

Marine Energy Software is split between the Code Hub and Code Catalog. The
Code Catalog was developed using Semantic MediaWiki [20] within a subdomain
of PRIMRE and it is composed of results following a standard template of relevant
information for open-sourced and commercially available software within the
resource. The search page has facets that can filter results within the catalog by
price, commercially available or open-source, license and development status, and
relevant marine energy technology types. Users can register their software to be
included in the Marine Energy Software knowledge hub using a standard submis-
sion form.

The Code Hub is hosted outside of PRIMRE on a site that was developed using the
React framework and it is composed of a GitHub software collection. Only open-
source software is currently included within the Code Hub. The Code Hub features
automatic pulls from the GitHub repositories for all open-source software to feature
new releases on the landing page, so users are made aware of new software releases.
Users can navigate and browse the Code Hub with the search bar or filtering by facets.
Like the Code Catalog, Code Hub results provide metadata on open-source license
type, marine energy technology type, and the domain-specific use for the software.
The Code Hub also provides metadata and metrics that are relevant to software
development, such as maintenance and adoption by the user community. Users can
add their open-source software to the Code Hub by using the same standard submis-
sion form that is used by the Code Catalog.

6.3 Next steps

A user review in 2021 revealed that there was confusion over whether to use
the Code Hub or Code Catalog to find relevant software of interest. To streamline
and unify access to the software and software content, the Code Hub and the Code
Catalog will be combined into one resource. When users search through the reorga-
nized Code Hub, the content and schema from the Code Catalog will be combined
with the existing Code Hub repository content. This improvement eliminates confu-
sion and reduces knowledge hub maintenance costs. User reviews will continue to
identify development priorities and new content, so that the knowledge hub will
continue to grow with the marine energy community.

7.Marine energy atlas

The Marine Energy Atlas (https://maps.nrel.gov/marine-energy-atlas/) is an
interactive, open-access web application that allows users to visualize, analyze and
download spatial data related to the marine energy industry. The overarching goal of
the application is to make it easy for different stakeholders to access data that can help
them plan for marine energy projects, whether for device design or project siting. The
datasets on the Marine Energy Atlas can be queried and downloaded, and the applica-
tion features an in-app processing tool that performs easy analyses within an internet
browser. The back-end architecture of the Marine Energy Atlas is the Visualization
Analysis Design Research (VADR) system, which has a “future-proof ” structure with
the potential for adding new layers, updating data, and adding in-app processing
tools.
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7.1 Design theory

The Marine Energy Atlas is primarily an interactive map viewer. Multiple layers
can be visualized on the map at the same time. The layers are organized by dataset
in the Data Library, which is easily searchable, and users can browse tags to further
narrow down layers of interest. Through the legend panel, layers can be elevated,
removed, and opacity can be changed so that overlapping layers are still viewable.
With the layers on the map, the user can quickly query the layers using the tools on
the map, either via a coordinate or shape. Querying through the application allows
the user to quickly identify areas of interest without needing to download the entire
datasets while also allowing them to inform their interrogation if the dataset is
downloaded.

The VADR system on which the Marine Energy Atlas is built is a monolithic
code repository that allows for the shared maintenance of the Marine Energy Atlas
codebase. It has been designed with modularity in mind, with Docker images being
the primary deployment architecture to better support updating and maintain-
ing applications. Improvements made to other parts of the repository allow for
the Marine Energy Atlas to benefit without any additional cost. VADR utilizes a
Continuous Integration/Continuous Delivery pipeline to permit seamless deploy-
ments and updates to the AWS infrastructure that backs the Marine Energy Atlas
and other applications. Marine Energy Atlas and all VADR applications are built
with modern tools and libraries that are actively maintained to allow for ease of
maintenance.

7.2 In practice

Resource assessments of U.S.-based marine and hydrokinetic resources are the
featured data layers on the Marine Energy Atlas. The U.S. DOE WPTO Wave Hindcast
Dataset (https://www.nrel.gov/water/wave-hindcast-dataset.html) contains the
highest-resolution time-series data on wave attributes in U.S. waters. The six variables
are defined by the International Electrotechnical Commission Technical Commission
114 wave resource assessment technical specification [21], are available in a spatial
resolution as fine as 100 to 200 meters in shallow water and a three-hour time step,
and span from 1979 to 2020. The Marine Energy Atlas also contains resource data on
ocean currents, temperature, salinity, tidal and river currents, and links to buoys that
collect real-time wave data.

The Marine Energy Atlas also contains non-resource spatial data that helps stake-
holders approach other facets of project planning. Through a partnership with OES,
international layers were added to the Marine Energy Atlas. The new data feature
locations of marine energy projects at different stages, as well as the locations of
marine energy test facilities. Other new layers include spatial data on ports, popula-
tion density, marine protected area shapefiles, and bathymetry.

The Capacity Factor Tool is an in-app processing tool that allows users to create
capacity factor maps for a specific wave energy converter. The capacity factor is a
calculation that represents the ratio of the actual time-averaged power generation to
the maximum possible power generation of a particular device. This quantity is key
for estimating the power output of devices that utilize intermittent energy sources,
such as waves, as that device will not always be operating at peak performance. In
the Marine Energy Atlas’s Capacity Factor Tool, users can upload a power matrix
that reflects their wave energy converter. The tool uses the significant wave height
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from the WPTO Wave Hindcast Dataset and the uploaded power matrix to generate
a capacity factor map, based on underlying calculations and previously determined
joint probability distributions. The results are generated in minutes, thanks to these
optimized underlying calculations.

7.3 Next steps

The Marine Energy Atlas will continue adding spatial layers beyond resource
assessments to aid in project siting and planning. Additionally, development of new
in-app processing tools will further the utility of these layers by allowing users to
perform geospatial analyses and interact with the data, without downloading data.

8. Telesto

Telesto (https://primre.org/Telesto) is a collection of wiki-based information
pages and databases that was developed using Semantic MediaWiki [20] under a
subdomain of PRIMRE. Telesto was initially developed in 2020 as a collection of
databases and wiki-based guidance for technical information on marine energy
that would be developed, curated, and maintained by the community. Some initial
pages were created for marine energy measurement and testing guidance, as well
as a sensor and instrumentation database and a testing facilities database. This
type of information was useful for the community, but it lacked other relevant
information such as regulation and permitting, resource characterization, and
industrial materials. Moreover, the community engagement with Telesto slowed
after the initial development phase and much of the information contained within
Telesto became outdated, resulting in a poorly integrated and maintained set of
web pages that needed reorganization. In 2023, Telesto was reorganized around
the theme of providing information relevant to the stages of marine energy
development.

8.1 Design theory

The reorganization of Telesto required a new central theme and design. The
breadth of relevant information not already captured in one of the PRIMRE
Knowledge Hubs meant that the reorganization should incorporate content that
was dispersed across PRIMRE while allowing for flexibility in how the content was
structured (e.g., wiki or database). Review of existing information led to a reorga-
nization under the theme of a project timeline. The reorganization creates a land-
ing page that links to five sub-pages of content organized by the stages of marine
energy development: Planning, Design and Build, Testing and Measurement,
Deployment, and Decommissioning. These stages also appear on a horizontal
navigation bar that links all pages within Telesto to a specific development stage.
This organization allows links to content from other Knowledge Hubs and other
PRIMRE organizational schemes (e.g., Signature Projects, Marine Energy Basics),
integrating the entire PRIMRE site and bringing greater attention to some con-
tent, like international standards. It also provides a home for some content which
have had no well-defined home but are frequently used by the marine energy
community.

238



Knowledge Management for the Marine Energy Industry: PRIMRE
DOI: http://dx.doi.org/10.5772/intechopen.1002355

8.2 In practice

Telesto content were organized under the new theme and linked accordingly. Some
topics were found to span the entire development life cycle and were highlighted with
separate pages: Lessons Learned; Performance Metrics; Economics; and Compliance.
This creates multiple levels of visibility for finding this content, either through
dedicated pages or the development life cycle themes.

With respect to design, the initial reorganization effort for Telesto visualized a
somewhat linear timeline. An initial review of this design from the marine energy
community pointed out that technology development in any field tends to be an itera-
tive process of design and testing, sub-scale construction and deployments, followed
by additional design and testing until a full-scale deployment may be considered
possible. The Telesto reorganization pivoted away from the idea of a timeline and
more towards the idea of a design pathway. Pathways can be non-linear but hopefully
lead to a destination (e.g., full-scale deployment).

8.3 Next steps

The Telesto reorganization is identifying new locations for content. Although
requests for new Telesto content (e.g., data/information from projects, marine energy
tools and applications) regularly arise, a formal process has been designed to incor-
porate new future requests. Unlike all the other knowledge hubs, Telesto is the only
unstructured, non-semantic database, and plays an important role of aggregating
information and resources under this new cohesive theme.

9. Conclusion

PRIMRE is an expansive network of knowledge hubs focused on the emerging
marine energy industry. Seven unique knowledge hubs represent different content
scopes and formats that are connected by a centralized search. The scope encom-
passes comprehensive of authoritative information and data about the marine energy
industry. Content is gathered from around the world except for datasets in MHKDR
and the Marine Energy Atlas because of data mortgage limitations. While the marine
energy industry is still progressing towards commercialization, this framework
sets the stage for organized and efficient growth of the industry through accessible
information about relevant technical, environmental, and socio-economic research
and development.

Design and implementation of PRIMRE was not without challenges. The following
list highlights lessons learned during the knowledge management process:

1. Branding: Naming conventions are bound to change with emerging technical
domains. A great example is that the U.S. originally referred to this industry as
“marine and hydrokinetic energy” to encompass riverine technology, before
shifting towards “marine renewable energy” to match international conven-
tions while distinguishing from non-renewable offshore energy, before ending at
“marine energy” for brevity. This resulted in some database name changes along
the way, though MHKDR and PRIMRE were not renamed because of established
branding.
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2.Documenting procedures: Over five years, PRIMRE has lost several key staff
that were vital to the project, leading to setbacks. This raises the importance of
documenting procedures and building redundancy for activities and capabilities.

3. Multidisciplinary team: The PRIMRE team is composed of software develop-
ers, domain experts for engineering and environmental effects, and communica-
tions and outreach professionals. Domain diversity supports successful decision-
making and project direction.

4. Sponsor support: The U.S. Department of Energy provides more than just fi-
nancial support, also providing encouragement that funding recipients contrib-
ute content, connections with international groups like Ocean Energy Systems,
and legitimization of the activities.

5. Continuous funding: Knowledge management cannot be set up and forgotten,
or the initial investment is meaningless. It requires active investment to maintain
online security and development, ensure that content is recent, and to engage
in outreach. The expenses often lead private companies to monetize the infor-
mation, but public funding supports the accessibility and stability of collected
information.

6. Active outreach: With all the time and money that goes into knowledge man-
agement, from architecting the system to collecting and curating the content,
the goal is that the target audience is aware of and using the system. This high-
lights the importance of performing search engine optimization, attending
industry conferences, connecting with other domain-specific networks, generat-
ing educational materials, and hosting online events to drive additional impact.

Measuring the impact of knowledge management is challenging. Web analytics
can provide counts of visitors and pageviews, which gives a measure of exposure that
can be influenced by global awareness or interest in the topic. During the last year,
all the knowledge hubs cumulatively received over 800,000 pageviews from 250,000
visitors. PRIMRE tracks usage metrics for each knowledge hub independently and
reports on these metrics annually, demonstrating continued growth. Though it is
difficult to know whether to attribute this growth to an increase in content, enhanced
search engine optimization, or general growing interest in marine energy. A more
subjective way to measure impact is through informal comments made by key mem-
bers of the marine energy community at industry events. Most of the U.S. and inter-
national communities are aware of PRIMRE and provide overwhelmingly positive
feedback as to the functionality and utility of the information. Anonymous feedback
is also requested from the community each year through rotating user review surveys.

An emerging industry like marine energy is a fascinating setting to practice
knowledge management because the knowledge hubs are built from the ground
up without competing entities. This can be juxtaposed against the offshore wind
energy industry, which is a comparable renewable energy industry, but one that is
commercialized as a competitive grid-scale energy source. While there are some
quality knowledge hubs supporting offshore wind, it is common for there to be less
connectivity between efforts, paid membership requirements to access information,
and significant gaps in knowledge (e.g., many countries lacking data repositories).
These factors are believed to negatively contribute to public opinion of offshore wind
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energy. By comparison, setting up a robust and transparent network of databases at
the start of commercialization may support transparency and combat misinforma-
tion. Time will tell how impactful the PRIMRE knowledge management will be as the
marine energy industry progresses towards commercialization.
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Nomenclature list

API application programming interface

DOE department of energy

LLM large language model

MHKDR Marine and Hydrokinetic Data Repository

NREL National Renewable Energy Laboratory

OES Ocean Energy Systems

OTEC Ocean Thermal Energy Conversion

PNNL Pacific Northwest National Laboratory

PRIMRE Portal and Repository for Marine Renewable Energy
SNL Sandia National Laboratories

TWh Terawatt-hour

VADR Visualization analysis design research

WEC wave energy converter

WPTO Water Power Technologies Office

WREN Working Together to Resolve Environmental Effects of Wind Energy
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Chapter 13

Effect of the Different Types and
Structures of Communities of
Practice on Learning: A Case Study
of an Education Service Company

Yuichi Matsumoto

Abstract

Although communities of practice (CoPs) are known to facilitate learning,
boundary crossing, and knowledge creation, these effects have not been examined
according to different structures in the extant literature. Thus, this chapter presents
an exploratory study on how the establishment of various types and structures of
communities affects the effectiveness of an individual’s learning and boundary cross-
ing. This was an exploratory qualitative case study of an educational service company,
in which data were collected using face-to-face semi-structured interviews and
participative observations. Using a case study, we classified CoPs into two types based
on their size and frequency of interactions: interaction and networking communities.
We also conceptualized four learning styles in CoPs and investigated the relationship
between the two types of communities and the four learning styles derived from
previous research. We found that the CoPs examined in this study interacted with
each other (through learners’ multiple affiliations with various communities) to form
multilayered structures, which present advantages such as the possibility of high-level
learning through multifaceted and circular learning, and the ability to build networks
among communities. Therefore, we conclude that multilayered CoPs structures are
effective in enhancing all four learning styles.

Keywords: communities of practice (CoPs), legitimate peripheral participation,
multifaceted learning, boundary-crossing learning, circular learning

1. Introduction

Communities of practice (CoPs) [1-4] are known to facilitate learning, boundary
crossing, and knowledge creation. However, despite such diverse outcomes, extant
literature does not discuss these effects considering CoP types and structures.
Several studies have discussed the need to expand the definition of CoPs (e.g., [5,
6]); however, the fragmentation of the concept has only led to confusion rather
than moving the discussion forward. To help elucidate this matter, we conducted an
exploratory study of how establishing different types and structures of CoPs [1-4]
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affects individual learning and boundary crossing based on a case study of an educa-
tional service company, the results of which are presented in this chapter. Specifically,
we examined how the multilayered structure of CoPs facilitated learning. Here, we
attempt to organize the concept of CoPs and divide it into two broad types. We then
conduct a case study to uncover and discuss how these two types of CoPs should be
constructed and managed.

2. Previous researches
2.1 The concept of communities of practice

CoPs are defined as “groups of people who share a concern, a set of problems, ora
passion about a topic, and who deepen their knowledge and expertise in this area by
interacting on an ongoing basis” [4]. However, the content of the CoPs concept varies
widely, and the usage of this term is diverse [7]. This is because previous studies relied
on one of four representative studies (i.e., [1-4]), between which there were differ-
ences in the content (Table1).

2.2 The tradeoffs between scale and frequency, level of learning

The conceptual diversity described above limits the development of CoPs, thus we
must discuss the expansion of this concept. To address the diversity of the concept,
this section focuses on size. CoPs have been proposed as primarily small places of
work where members frequently interact through their practices as their style of
learning [1]. Other studies have also noted the importance of learning based on inter-
actions [9, 10]. However, another style of learning exists, in which people meet and
acquire new knowledge and information through communication across workplace
boundaries [11]. In this type of learning, the CoP is primarily large and infrequent,
and connections and knowledge are created through boundary crossing [12, 13]. In
previous studies, there has been conceptual confusion between small, frequently
interacting CoPs and large, infrequent, boundary-crossing CoPs. In this chapter, we
discuss how CoPs can be used more effectively by classifying them into two types.

Another issue involves high- and low-level learning. Meta-level learning has been
discussed in, for example, single- and double-loop learning [14] and higher-level
learning [15] studies; however, all of these studies were conducted at the organi-
zational level and have not been discussed even at the individual level [16]. CoPs
are suitable for lower-order learning, where knowledge, skills, and information are
acquired, but not for higher-level learning, where existing beliefs and values behind
knowledge and skills are transformed [17]. However, this is derived from a static view
of the concept of a CoP, and other studies (e.g., [18]) suggest that even in a CoP, it
is possible to trigger transformative learning, which leads to a change in values and
perspectives [19, 20]. In this study, we examined the classification of these two types
of CoPs.

2.3 Four learning styles

It is useful to consider that the two types of CoPs are not only different in size and
frequency, but also in the learning styles therein. Separating them into categories
would be futile if their learning styles were the same, even if their size and frequency
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Lave and Wenger [1] Brown and Wenger [3] Wenger et al.
Duguid [2] [4]
Can we create Embedded in social Finding and Co-exists with To be able
aCoP? and historical context discovering and found from to make and
(already exists) CoPs within organization cultivate
organizations
Reproduction Through a common Not discussed Reproduced by Discussed
of CoPs process to advance participation, in their
identity construction embodiment, and development
and learning design model
Operation Not discussed Not discussed Mutual Discussed its
and construction in importance
management each member’s and methods
practice
Main purpose Learning and skills Understanding Creating meaning Creating,
transfer (practice work, learning, and learning storing,
and work in the and innovation through identity updating,
community as well) from non- construction by and sharing
canonical view practice knowledge
Elements Communities, practice Communities, Communities, Domain,
practice practice community,
and practice
Contents of Fulfilling participation Learning Participation Increasing
members’ in the community by practice and reification in knowledge in
practices (understanding the dimensions the domain
work and of mutual
innovation) from engagement, joint
non-canonical enterprise, and
view shared repertoires
What guides Curriculum of learning Promoting Practices that Domain
learning? and curriculum of membership guide learning
education and access to (participation
the CoPs as well and reification,
as storytelling, emergence, modes
collaboration, and of belonging, local
social construction and global)
Boundary Relationships that CoPs across Practices such as CoPs across
crossing transcend boundaries organizational boundary objects organizational
are CoPs boundaries and brokering lead boundaries
boundary crossing
Memberships From newcomers to From newcomers Formed through Coordinator,
experts to experts participation and core members,
reification active
members, and
peripheral
members
Member Not discussed Not discussed Not discussed Instructorship
instructorship of coordinator
is important
Identity Construction of Practical-based Guided by CoPisa“home
learner’s identities view transforms participation and of identity”
progresses organizational non-participation
simultaneously with identity
participation
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Lave and Wenger [1] Brown and Wenger [3] Wenger et al.
Duguid [2] [4]
Relationship Close to identical, but Distinguish Separate but Distinguishes
between not the same between formal overlapping between
CoPsand organizations formal
organizations and CoPs; the organizations
relationship and CoPs, and
between the two is presents the
important concepts of
double-knit
organizations
Horizontal Peripheral legitimacy Perceiving the Suggesting the Suggesting
relationships is the nexus between organization as constellation of distributed
among CoPs CoPs aset of CoPs can practice as the CoPs
solve the problems collection of CoPs

of the organization

Multilayered Participation at Assumes an Constellation is Assumes
relationships multiple levels aggregation of a connotation of multilayered
among CoPs inevitably accompanies CoPs linking each CoP nature
membership ina CoP other with sub-
communities
Table1.

Conceptual comparison among CoPs in the four representative studies. Source: Matsumoto [8].

were different. The basic learning styles of CoPs have been presented in the previ-
ously mentioned four major studies. In this section, we organize and summarize them
as the four learning styles described below.

2.3.1 Legitimate pevipheval participation

Derived from Lave and Wenger [1], the legitimate peripheral participation learning
style involves the sharing and creation of knowledge and skills through interactions
among members of a CoP [1]. This style has been proposed as a learning method
for newcomers to acquire knowledge and skills by fully participating in the CoP
through sociocultural practices. The basic idea of legitimate peripheral participation
is that new members acquire the skills of the community from existing members and
develop their identities through participation [21] while becoming members of the
CoP. The acquisition and creation of knowledge and skills from existing members
are thought to be the primary learning style [22]. Regarding the level of learning, it
is lower-level learning [17]. Legitimate peripheral participation and CoPs are insepa-
rable, but this concept assumes a static and stable concept of CoP. Learning through
legitimate peripheral participation is suitable for small communities [23] and difficult
in CoPs that are large and have infrequent interactions, such as those with many
subsequent boundary crossings [24] and online CoPs [25].

2.3.2 Multifaceted learning

Multifaceted learning, derived from Brown and Duguid [2], involves acquisition
of diverse knowledge and skills. This is a higher-level learning style based on the
comparison between canonical and non-canonical knowledge [3]. There is often a
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divergence between knowledge believed to be correct in the field (canonical knowl-
edge) and practice-based or field knowledge (non-canonical knowledge), and this
difference leads to learning [3, 26] that enhances CoPs [27]. That is, using this differ-
ence helps CoP members to understand work and innovation. Moreover, this learning
style incorporates values and perspectives, as well as diverse knowledge and skills
acquisition in the workplace [28], public health practice [29], public office [30], and
society [31].

2.3.3 Boundary-crossing learning

This learning style, derived from Wenger [3], involves acquiring, sharing, and
creating skills and knowledge through network interactions, that is, through inter-
acting with external communities and their members [32]. CoPs link local human
resources and knowledge [4], and the creation of human networks can be used to
increase the total amount of knowledge available [33], distribute knowledge, main-
tain and improve its quality, and create knowledge through interactions [34], thus
boundary-crossing learning is characteristic of CoPs. This style is mainly low-level
learning, but sometimes, high-level learning occurs. Boundary crossing enhances col-
laborative learning in CoPs in three ways. First, boundary-crossing activities increase
members’ diversity [35] to facilitate collaborative knowledge creation through mul-
tiple viewpoints. Second, boundary crossing encourages members to compare their
experiences, knowledge, and selves, thereby facilitating new insights and knowledge.
CoPs enhance this type of knowledge creation, leading to knowledge sharing [36],
information gathering [37], problem-solving [38, 39], and personal career design [40,
41]. Third, boundary crossing enhances higher-level learning by, for example, gener-
ating meaning [3], emphasizing the value of work [42], promoting the understanding
of members’ identities [19], and enhancing lower-level learning, including through
knowledge sharing. It is possible to resolve contradictions and enhance activities
by spontaneously establishing CoPs and facilitating boundary crossing. This style
of learning is enhanced by extensive boundary crossing and the ability to interact
with many people. Large CoPs created by social events, even if infrequent, are also
effective. However, the learning effect of boundary crossing is weak when practiced
with a fixed group of people.

2.3.4 Circular learning

Derived from Wenger et al. [4], circular learning is argued to be based on members
of a CoP that are also members of formal organizations, and that this multimember-
ship creates a cycle of learning. It is mainly a low-level learning style, but sometimes
high-level learning occurs. The members bring their experiences and knowledge
to the CoP, discuss, generalize, or document them, obtain support for problem-
solving, and then apply them to real problems at their respective organizations.
Multimembership is an important aspect of CoPs [42, 43]. The learning cycle between
CoPs and organizations is effective [34, 44] not only for sharing knowledge [45], but
also for generating transformative learning [41, 46].

We summarized the above four learning style in Table 2.

We considered these four learning styles to be effective in CoPs’ learning and
examined how these learning styles relate to different types of CoPs and how they are
constructed and operated. To this effect, we conducted a case study of an educational
service company as described below.
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Research Lave and Wenger [1] Brown and Duguid [2] Wenger [3] Wenger et al. [4]
Names Legitimate peripheral Multidisciplinary Boundary- Circular learning
and participation learning crossing learning

h
methods Learning through Learning from the Crossing Learning
of e . . .

. full participation and differences between the various through moving
learning . . I . - f
styles interaction within the canonical and non- boundaries of between one’s

¥ CoP for knowledge canonical knowledge to organizations and organization and
acquisition transform values and CoPs to acquire CoP to discuss
perspectives among knowledge and and confirm
organizations and CoPs relationships with knowledge and
those outside the skills
CoP
Table 2.

Learning processes devived from four representative studies.

3. Methods
3.1 Research sites

To clarify learning in CoPs, we conducted a case study based on the data collected
using qualitative methods. This was a single case study based on Yin’s work [47],
and we selected Kumon Ltd. as the research site. Kumon is a company that provides
education services for children, franchises Kumon-style classrooms, and supports
children’s learning. We selected this company because it was suitable for a single case
study that met all three of the following criteria: (1) the case is definitive, (2) the case
is extreme and unique, and (3) the subject is a new fact [47]. Further, we selected
Kumon because it enhanced diverse learning based on CoPs. Specifically, in Kumon,
instructors teach children in Kumon-style classrooms using common teaching
materials and form CoPs with learners and support staff in each classroom. Similarly,
instructors participate in many CoPs to improve their teaching skills. The CoPs in
this study meet the definition by Wenger et al. [4] and are adequate for discussing
the relationship between the two types of CoPs, the four learning styles, and better
management methods, consistent with the purpose of this study.

In addition, Kumon has various learning communities such as those formed
through their “district meetings” at the district level and “courses” led by Kumon at
the national level. Nevertheless, this chapter focuses on the following four CoPs that
are more autonomously constructed and operated by instructors and have a multi-
layered structure: seminars and voluntary institutes in which instructors participate,
seminars and voluntary institutes organized by instructors, mentor seminars, and
instructors’ research conferences. Although studies dealing with multilayered struc-
tures exist, such as the study by Wenger et al. [4] focusing on global CoP, Kumon’s
case is characterized not only by its inclusive scale but also by the construction of
a multilayered structure based on proficiency level. We believe that this study will
present new findings in existing studies.

3.2 Research method

Two survey methods were used to collect the case study data: interviews and
participative observations.
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Seven instructors who were teaching at Kumon with 10-30 years of work experi-
ence were selected as interviewees. As per our request, they were selected by the
Kumon HRM staff after explaining the purpose of the study. The interviews were
conducted face-to-face for one and a half hours using, a semi-structured form [48]
and the protocols were recorded using an IC recorder and transcribed by the author.
Kumon officers were sometimes interviewed and provided supplementary explana-
tions as needed. In addition, we observed the actual instructions in some classrooms.

The participative observation survey was conducted with the cooperation of
Kumon, wherein we observed two events sponsored by Kumon: the Kumon instruc-
tors’ research conference and the mentor seminar. At the instructors’ research confer-
ence, we participated in discussions of theme meetings and took notes, while at the
mentor seminar, we simply observed their discussions and took notes. Subsequently,
we got documents about Conference from Kumon. These observations were then used
to construct a case study.

4. Case study
4.1 Overview of Kumon

Kumon Institute of Education Co., Ltd. was established in 1962. They developed
original learning materials and managed classrooms nationwide to teach mathemat-
ics, English, and Japanese as well as French, German, and calligraphy.

Kumon operates 23,700 franchised Kumon-style classrooms (for mathematics and
arithmetic, English, and Japanese) at 115 office location across Japan (as of March
2023). Kumonss classrooms are operated twice a week for approximately 5 hours
per day. In their classrooms, students tackle their original educational materials
independently, and instructors (teachers) support individualized learning activities.
Homework is assigned each time and students are expected to complete it at home
and bring it to the next class. Each instructor manages their own classroom with
Kumon’s support through a franchise system. Instructors, mainly women, begin oper-
ating their own classrooms after training. Each Kumon classroom is supervised by a
regional office, and the Kumon staff provide support for their classroom operations.
One Kumon staff member supported approximately 50 instructors.

Kumon education emphasizes “high basic literacy,” “self-affirmation,” and “inde-
pendent learning ability” to help students acquire the “zest for life.” The features of
the Kumon educational method can be summarized into four points: individualized
learning, self-directed learning, small-step materials, and operations by instructors
and staff. First, regarding individualized learning, teachers use materials that cor-
respond to each student’s academic ability. Even if all students are of the same age
and grade, there may be differences in their abilities. This individualized attention on
the students in turn improves each student’s academic ability significantly. Another
feature of their individualized learning is starting with the materials level, where
students are sure to score full marks, and graduating to higher-level materials step by
step. By guiding students to get full marks on their educational material, instructors
and staff can foster their confidence and self-affirmation, thereby increasing their
motivation to learn. Improvements in the students’ academic skills encourage them to
try materials at a higher level, regardless of their age or grade. It is thus common for
students to study at a higher level in Kumon; for example, some third-grade students
study at the fifth or sixth grade level of elementary school.
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Second, self-directed learning means that Kumon does not conduct one-way
education as in school education. In the Kumon classroom, each student works on his
or her own material, solving problems independently and listening to the instructors’
and staff’s guidance. Third, they use small-step materials, which means the content’s
difficulty level gradually increases from easy to advanced. Kumon’s teaching materials
are created using the expertise gained over Kumon’s long history and are improved
daily based on feedback from the classroom. This means that students can solve the
material that is adequate for them, and small increments in their level ensure that
their academic skills are effectively established.

The fourth factor is the guidance of the instructors and staff. Instructors and
staff are indispensable for monitoring each student’s progress and supporting their
learning. The instructors/staff members are aware of the students’ abilities and
provide them with adequate materials. They do not move on when the student is not
ready; they provide them with lower-level materials to tackle and only allow them to
progress to higher-level materials when they have the academic literacy and desire to
advance. This plays an important role for instructors and staff, who can objectively
look at students. Recognizing, praising, and encouraging students’ efforts is essential
for fostering self-directed and positive learning attitudes. Each of these four features
influences the others and creates a synergistic effect. When instructors accurately
understand materials that have been refined over Kumon’ long history and use them
appropriately in the classroom, teaching methods based on the four aforementioned
characteristics can be implemented.

We found that Kumon instructors learned from many experiences under the
company concept of “learning from children” in their own classrooms, and at the
same time, they are members of diverse CoPs wherein they obtain information
that helps them improve their skills in and motivation for teaching and classroom
management. As discussed below, the results of these CoPs have been highly posi-
tive and we believe that there is a strong relationship between learning activities
and teaching performance. Furthermore, Kumon has a mechanism for forming a
CoP and expanding boundaries among instructors, which we discuss later in this
chapter.

4.2 Kumon’s instructor support

How does Kumon support instructors? Kumon classrooms in each region are
supervised by a branch office. For example, the Nishinomiya Office oversees the
classrooms in Nishinomiya City, Hyogo Prefecture. The branch office controls the
classes in the region, and instructors visit the office to pick up teaching materials for
their classrooms. Instructors can easily meet the staff at the office and ask for advice
on their problems. The offices are grouped into “areas” according to the wider region.
The Nishinomiya Office is located in the Kansai area. Various activities are conducted
within the region, offices, and areas.

The Kumon organization has a development department that is responsible for
communicating about how to use Kumon’ teaching materials. They conduct lectures
to transfer business knowledge and develop tools that facilitate learning. Alongside
the instructional department, they also promote classroom development by improv-
ing instructors’ skills and training them. The department also publishes a magazine
that provides information to instructors.

Kumon staff manage 50-60 instructors. They work with instructors to determine
how classrooms should be managed. Just as a teacher understands their student, staff
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understand the teachers’ strengths and weaknesses and guide them appropriately
on how to overcome and improve their weaknesses. This guidance is important and
affects the success or failure of classroom management.

Undoubtedly, the greatest source of the excellent results produced by Kumon
is the instructors’ interactions and shared learning activities and the professional
development that they obtain from them. As of March 31, 2014, Kumon had consoli-
dated sales of 86,446 million yen, ordinary income of 10,773 million yen, and 4038
employees throughout the group. In addition to 85 locations nationwide, Kumon has
regional headquarters in North America, South America, Asia and Oceania, China,
Europe, and Africa, and is actively developing its business in 47 countries and regions
worldwide. In Japan alone, the company had 1.46 million learners (total number of
learners in all subjects) in 16,500 classrooms as of March 31, 2014. The company man-
ages these classrooms with 14,600 instructors. Overseas, there are 8400 classrooms
with 2.81 million learners (total number of learners in all subjects) and 7400 instruc-
tors, and is attracting attention both domestically and internationally as a universal
business model.

However, the development of instructors at Kumon is achieved through the
autonomous learning of the instructors themselves, not only through the Kumon
Method of Education. This is also supported by learning based on various types of
CoPs that instructors spontaneously establish through Kumon. Kumon contains a
system that activates the building of CoPs and learning based on these. This is the
most important factor that enables Kumon to continue to develop instructors who
make the most of the Kumon method and materials to steadily improve student
performance.

In the following section, the CoPs formed by Kumon instructors are described in
detail based on the authors’ research.

4.3 Kumon instructors’ CoPs

There are four types of Kumon CoPs discussed in this chapter: (1) “seminars” that
Kumon instructors spontaneously conduct, (2) “small-group seminars” coordinated
by Kumon, (3) “mentor seminars” conducted by skilled instructors, and (4) “instruc-
tors’ research conferences” held at the national level. Kumon has a system in which
these CoPs, which differ in size, frequency, and spontaneity, are formed and oper-
ated, and they have a synergistic effect. This has improved the instructors’ teaching
skills.

4.3.1 “Seminars” in which instructors participate

New instructors, who have just opened their own classrooms after receiving
Kumon training, typically do not have sufficient previous experience, either as
teachers or managers of their own classrooms. Therefore, they must rely on Kumon
materials and support staff to manage their classrooms through trial and error.
However, the instructors must manage their classrooms independently, which is
challenging task.

Consequently, instructors actively participate in “seminars” to share their teaching
and management knowledge in order to improve student performance and increase
the number of self-motivated learners. These seminars primarily aim to explore
and share teaching and management skills. They take place on days when classes
are not held and are attended by approximately 20-30 instructors. The seminars
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are coordinated and managed by experienced instructors. Seminars authorized by
Kumon are accredited: Kumon requires instructors to participate in them and submit
reports thereafter, and they earn credits for their participation.

It is important for Kumon staff to use seminars for instructor development.
Depending on the instructors’ need to improve their abilities, staff members intro-
duce and encourage instructors to participate in these seminars. This is because these
seminars present many teaching examples and data that can help instructors develop
their own skills. Many instructors have their own instructional data. Second, it is
meaningful for instructors to learn from other instructors, not only teaching skills, but
also classroom management, career design, and how balancing work and family life.
Therefore, it is essential for the Kumon staff to guide instructors to appropriate semi-
nars while considering their individual characteristics and the nature of each seminar.

During seminars, the instructors hold lively discussions on issues such as day-
to-day classroom management and effective teaching methods, providing their
own examples as they discuss. Even instructors attending for the first time can
immediately engage in discussions. Instructors not only share the same topics but
also use common Kumon teaching materials, with which they are deeply familiar. For
example, if someone says, “In the second question of the Japanese B-1 material...,” all
the other instructors immediately understand the question and answer it with their
own teaching examples. Such interactions allow them to engage in more detailed
discussions and skills sharing.

For new instructors in particular, it is very important that senior instructors play the
role of mentors in seminars. This is a valuable opportunity for them to solve their prob-
lems. Experienced instructors can provide varied advice, from confirming their teach-
ing expertise to solving problems related to students who are not improving, classroom
management, teaching careers, and personal concerns. After attending such seminars,
new instructors often regret why they had not started participating in seminars sooner.

As instructors gain experience and proficiency in teaching, Kumon often asks
them to manage their seminars. The instructors share their knowledge and skills in
teaching and classroom management with the participants based on their own experi-
ences. At first, some instructors hesitate to manage seminars, but they understand
the significance of sharing their teaching skills and passing on what they have learned
from senior instructors, and they accept their roles. It is common for proficient
instructors to take over seminars from senior instructors or manage seminars them-
selves while continuing to participate in seminars to learn.

Kumonss staff prepare seminars by arranging the venue, but they do not engage in
seminars unless instructors ask them to maintain their spontaneity. This differentiates
them from “small-group seminars,” which we discuss next.

4.3.2 “Small-group seminars” conducted by Kumon

Small-group seminars are CoPs coordinated by Kumon; the organization also
creates its learning content. They are different from the previously discussed semi-
nars, for which spontaneity is important. However, they are the same in that they both
aim to equip instructors with good teaching skills. The background of the small-group
seminar system promotes more interactive learning between Kumon and the instruc-
tors and encourages the application of learned skills and knowledge in the classrooms.
Kumon ensures that instructors acquire the teaching skills that the organization has
accumulated over the years.
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Another characteristic that differentiates small-group seminars from seminars
is that, in the former, the Kumon staff provide the lecturers and are in charge of
the seminars. They lecture using the same textbook and slide materials, not only to
standardize the teaching content but also to stimulate learning among staff.

Five to six instructors participated in each small-group seminar, which Kumon
emphasized during the design of the system. The rationale for this is that if there are
too many instructors participating, some of them might not speak up or may become
too reserved, while having too few participants might make interaction between them
difficult. Currently, instructors study one theme over 3 months in three sessions.

The venue for the small-group seminars is primarily the branch office. Typically,
two to three small-group seminars can be held simultaneously. Even if one branch
office has sufficient meeting rooms to hold each seminar in a separate room, they
would rather hold several seminars in a large room simultaneously. This is intended
to increase the interaction between small groups and raise instructors’ competitive
awareness. Additionally, each branch office is equipped with desks, chairs, comput-
ers, and displays that can be used in small-group seminars. By providing the same
equipment at all offices nationwide, they create an environment in which learning
can begin immediately, eliminating unnecessary hassles for the Kumon staff. The
standardization of hardware and software shows Kumon’s enthusiasm for small-
group seminars and the importance of interaction among instructors in the activities
of the CoP.

Instructors who wish to participate in small-group seminars can do so by applying
to branch offices in their areas. Kumon assigns five or six members who will attend
the seminar, some of which are veterans, while others are newcomers. The learning
activities are facilitated by staff, and instructors present and discuss their own cases.
This allows new instructors to ask questions and expert instructors to get to know the
newcomers and train them based on their individual needs.

Small-group seminars have a significant impact on the professional growth of
the Kumon staff. Before these seminars were established, the consulting staff had to
create their own content, which led to difficulties in ensuring uniformity. By stan-
dardizing the content, it became easier to compare different methods of teaching the
same content. It became clear how the facilitation of small-group seminars differed
among staff members and what they needed to learn. Learning among consulting
professionals became more active, and newcomers were able to acquire knowledge
and skills more efficiently by observing expert staff seminars. A multilayered CoPs
were also been established as a result of joint learning among several offices within an
area or the presentation and sharing of best practices at the national level, beyond the
boundaries of the office.

The characteristic of small-group seminars is that standardized content is learned
by a CoP that emphasizes small-group interaction; however, when compared to semi-
nars that are spontaneously constructed by instructors, it is clear that the two CoPs
have different characteristics. Kumon’s system of equipping instructors with teaching
skills allows different CoPs to coexist and interact with each other. It is a combination
of the two CoPs described below that facilitates learning.

4.3.3 “Mentor seminars” with skilled instructors

Kumon has several systems that support those who have only been teaching for
ashort period. One of these is the “Instructor Advisor” system, in which senior
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instructors mentor first-year instructors. There are events called the mentor seminars
that bring together mentoring instructors and instructors involved in the manage-
ment of the seminar. The unique feature of this event is that the participating
instructors are limited to those who are highly successful, not only in their teaching
skills but also in classroom management. In other words, these seminars are CoPs for
accomplished teachers.

Mentor seminars are held regularly and are led by highly skilled instructors who
have worked for many years; their purpose is to improve the skills and management
performance of both instructors and the branch office. Many of these highly skilled
instructors are well known, not only at the regional level, but also at the area and
national levels. The opportunity to meet and hear from such instructors is valuable for
those who have attained a certain level of proficiency.

There are three reasons why instructors participate in mentor seminars. The first
reason is the same as the incentive to participate in selective training in companies.

In other words, participation in a mentor seminar means that one’s teaching skills

and classroom management results are recognized by Kumon. The second reason

is the opportunity to meet and learn from highly skilled veteran instructors, who

are good role models for instructors. This opportunity is both a badge of merit to

the instructors for their teaching skills and classroom management efforts and a
strong incentive to participate. Third, there is an opportunity to interact with other
proficient instructors. As they become more proficient in their teaching skills, some
instructors may wish to further develop themselves in a higher-level CoP. However,
such opportunities are not easy to access, especially in rural areas, where there are few
classrooms. However, mentor seminars, which are CoPs in their own right, make such
opportunities more accessible since they facilitate interactions with instructors of
certain proficiency levels. Further, they provide a platform on which networks among
proficient instructors can expand, which can then be filtered down to seminars and
small-group seminars.

The mentor seminar that the author observed was attended by approximately
200 of the most proficient instructors in the area. After the opening greeting,
there was an opportunity to ask participants to present recent examples of their
work achievements. Presenters had been pre-selected, and perceived as honors.

The highly skilled instructors provided feedback on the presentations and praised
the presenters’ efforts and ingenuity, and all the participants applauded them.
After the presentations, a group discussion of the content of the presentations

was held for approximately 20 minutes. Proficient instructors sat near each other
at their desks and discussed their case studies and experiences. The instructors
were distributed such that they were not clustered with those from nearby offices,
allowing for networking among the instructors. Highly proficient and experienced
instructors presented discussion topics such as “changing the mindset of instruc-
tors,” which evoked lively discussions. Several participants reported on the results
of these discussions. Some instructors reported that they realized the high quality
of the mentor seminars and the stimulation that came with them. The Kumon staff
members also participated and were tasked with helping the instructors that they
were in charge to build their networks and inspire them to grow. They asked the
mentors to support them in doing so.

During the final question-and-answer period, the high-skilled instructors pro-
vided advice on specific issues related to seminar management one after another from
the perspective of Kumon’s local-level long-term development plans. Thereafter, some
of the instructors expressed the significance of participating in these seminars to me,
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explaining that in their area, there are no other proficient instructors, hindering their
ability to learn together. They expressed that meeting and hearing the highly skilled
instructors motivated them.

4.3.4 National-level “instructors’ vesearch conferences”

Instructors’ research conferences are Kumon’s largest CoPs as they gather
instructors from all over Japan at a large venue once a year to present and share
research results.

At the conference that the author observed, at first, breakout sessions were
conducted to present teaching methods. Divided by subject and purpose, instructors
presented effective teaching methods that have been studied in seminars. As only
highly successful teaching methods that have passed the screening process can be
presented at such conferences, these presentations and the methods taught therein
were important for the instructors to grasp. Some instructors aimed for seminars
where they hosted presentations and sought to develop their abilities and confidence
by recruiting younger instructors.

The presentations we observed concerned teaching methods for Japanese lan-
guage materials and learners, who explained the areas with which students tended to
struggle, methods that had been effective in helping them overcome these obstacles,
and ways to use existing methods to solve specific problems with the materials.
Instructors listened attentively and took notes on the teaching methods.

In another room, there was a breakout session in which instructors with short
teaching careers and senior instructors met and presented their experiences. The
presenters explained how they overcame specific problems and concerns, such as how
they established their classrooms and balanced their family lives in the early years of
their careers. Afterward, there was time for the instructors to interact with each other.
Communication between instructors with short careers allowed them to share their
concerns. The new instructors listened attentively to the seniors’ experiences. Because
new instructors who have just opened their own classrooms typically do not have
many opportunities to network with other instructors, it is very important to provide
forums such as these for them.

After the seminar, a plenary session was held in a large hall, where all the partici-
pating instructors gathered. During the plenary session, Kumon explained its history
and future strategies, and awarded instructors with long careers. The instructors
aspired to receive such awards in the future, so they listened attentively to the veteran
instructors’ award speeches. The subsequent reception was said to be an opportunity
for networking among the instructors.

In summary, these instructors’ research conferences are CoPs open to all instruc-
tors. These are platforms for presenting and sharing teaching methods. By bringing
together diverse groups of instructors, the conferences provide exposure to vari-
ous perspectives. In addition, the conferences are CoPs that promote networking
beyond the boundaries of districts, areas, and seminars. Even if the conferences are
held only once a year, this networking provides opportunities to participate in new
seminars and independent study groups, further promoting learning within the
district or area.

The multilayered structure of the CoPs addressed in this study is summarized in
Figure1.

Based on the above examples, the next section discusses the relationship between
the structure of CoPs and learning styles, as well as the interaction between CoPs.
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Seminars
(From participation to organizing)

Classroom managed by instructors

Layered structure of CoPs in Kumon.

Figure 1.

5. Discussion
5.1Types of CoPs and learning styles

We classified the Kumon CoPs in the case studies according to the dimensions of
their characteristics, which differ in terms of size, frequency of meetings, and learn-
ing activities. The results are presented in Table 3 below.

The first classification characteristic is the frequency of meetings. Seminars and
small-group seminars were classified as “interaction CoPs,” in which participants
gather frequently for study, while mentor seminars and instructors’ research confer-
ences were classified as “networking CoPs,” held approximately once a year. The
next dimension relates to the purpose of learning activities. Although the main
purpose of all CoPs is learning and development, the seminars and small-group
seminars are interactional, the main purpose of which is to discuss and develop
teaching methods with a certain number of members, whereas mentor seminars
and instructors’ research conferences are based on exchange, in which the main
purpose is to promote human exchange and learning. Mentor seminars and instruc-
tors’ research conferences are networking-based events, of which the promotion of
human communication is an important objective, in addition to learning. Thus, the
four CoPs examined in this study can be classified into two main types: instruction
and networking CoPs.

Concerning learning styles, seminars and small-group seminars, which were
categorized as instructional CoPs, were conducted to improve teaching skills based
on legitimate peripheral participation. Seminars are the lowest-level platform for
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CoPs/dimension Seminar Small-group Mentor Instructors’
seminar seminar research conference

Learning activity Discussion and Discussions Discussions Research

and purpose consultation among and presentations and
among instructors, networking viewing, interaction
instructors, advice to among skilled with other
presentation of newcomers instructors instructors
case studies

Scale Small (20-30 Small (5-6 Medium Large (about 3000
people) persons) (about 200 people)

people)

Life span Long (no Short Temporary Temporary
expiration date) (3 months)

Frequency Frequent (1 per Frequent (once a About once a Once a year
week to 1 per month) year
month)

Homogeneity Homogeneous Homogeneous Heterogeneous Heterogeneous

Boundary crossing Within the Within the Cross- Cross-boundary
boundaries boundaries boundary

Spontaneity Spontaneous Intentional Spontaneous Intentional

Institutionalization Freedom Institutionalized Freedom Institutionalized

Connection Horizontal Horizontal Vertical Vertical

Learning style Legitimate Legitimate Boundary- Boundary-
peripheral peripheral crossing crossing learning
participation participation learning multifaceted
Circular learning Circular multifaceted learning
multifaceted learning learning
learning

Table 3.

Four CoPs in Kumon.

new instructors and beginners to deepen their participation in the community by
presenting and discussing examples from their classrooms. Eventually, accom-
plished instructors will be able to guide them as successors and help them become
accomplished instructors themselves through these seminars and workshops. The
frequency of these activities promotes circular learning; that is, the strength of
seminars and small-group seminars is that participants practice what they have
learned in their classrooms and present the results to the CoP for further discussion.
Multifaceted learning is also characteristic of these activities as evidenced by the
participants comparing the seminars/independent studies with the methods used in
classrooms and manuals.

However, in the case of mentor seminars and instructors’ research conferences,
which are categorized as networking CoPs, legitimate peripheral participation is
unlikely to occur because they are held irregularly and infrequently. Furthermore,
because of this infrequency (being held far apart), frequent circular learning is
unlikely. Instead, mentor seminars and instructor research conferences enable
boundary-crossing learning outside the community through various encounters. At
mentor seminars, networks of high-achieving, high-level mentors are established at
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once, and at instructors’ research conferences, broad networks of mentors interested
in teaching methods and exchange meetings for newcomers are created, from which
knowledge and skills are acquired. Participation in these networks promotes multifac-
eted learning by comparing oneself and one’s skills from various perspectives (from
newcomers to veterans, and from seasoned instructors to novices) and learning from
the differences.

In summary, we have classified these CoPs into instructional CoPs, in which
legitimate peripheral participation and circular learning are the main learning styles
and proficiency is achieved through regular learning activities; and networking
CoPs, in which boundary-crossing learning is the main learning style. Compared
to instructional CoPs, networking CoPs are less effective in deepening skills and
knowledge through continuous interactions. Instead, networking CoPs can create an
environment that leads to the formation and participation of new CoPs, increasing
the potential total amount of knowledge exchanged as well as the knowledge and
skills gained through out-of-community learning.

Multifaceted learning occurred for both CoP types. If multifaceted learning is
divided into (1) acquiring diverse knowledge and perspectives and (2) learning by
finding differences through comparison, it can be said that (1) interaction and (2)
networking CoPs are effective for promoting learning. Membership in both types
of CoPs (multimembership between the two) leads to further multifaceted learn-
ing. Thus, the two types of CoPs are complementary and promote the four types of
learning.

5.2 Interaction between multilayered CoPs

Next, we discuss the interactions between CoPs. The CoPs of Kumon instructors
that we examined in this study have a multilayered structure. Thus here, we ask the
question “What effect does a multilayered structure rather than parallel CoPs have
on learning, as in the case of Kumon?” From the learning perspective, we found that
the advantages that can be derived from the multiple affiliations of CoPs include the
possibility of higher-level learning through multifaceted and circular learning and
the ability to build networks among the CoPs. In addition, the case study suggests that
the concept of multilayeredness takes two forms: (1) multilayeredness encompassing
multiple CoPs, such as the relationship between instructors’ research conferences
(national) and seminars (local), and (2) multilayeredness according to the level of
proficiency in elementary, junior high, and high schools. The Kumon case is charac-
terized by the inclusion of these two layers within its structure. In other words, from
the instructor’s perspective, there is a multilayered structure according to proficiency
that consists of the seminars and voluntary institutes that they participate in or host,
the mentor seminars where those proficient in these seminars gather, and the national
instructor’s research conferences.

This multilayered structure enables instructors, who are learners in this case, to
choose CoPs according to their proficiency level. In this case, after becoming profi-
cient, the instructor learners graduate from being participants to being organizers
and then to being participants in mentor seminars where other proficient learners can
discuss and stimulate each other. Likewise, an inclusive CoP (i.e., instructors’ research
conferences) in which anyone can participate and interact with many people makes it
possible to build a boundary-crossing network and learn. The multilayered structure
of CoPs facilitates learning across community boundaries and the resettlement of
communities according to their level of proficiency.
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6. Conclusion

This chapter presents a case study through which we examined the impact of CoPs
on learning. We found that the four types of learning in CoPs are achieved through
participation in two types of CoPs—instructional and networking—and that a multi-
layered structure based on the dual multilayeredness of proficiency and inclusiveness
promotes proficiency and network building. The following is a description of the
theoretical contributions, practical implications, and limitations of this study and its
results.

The first theoretical contribution is the derivation of the two types of CoPs based
on their characteristics and learning activities. Second, this study relates these CoP
types to learning style. The four learning styles proposed in this study were derived
from the interaction between the two types of CoPs, which is a result of learners
establishing and becoming members of these two types of CoPs. Third, it highlights
the significance of the multilayered nature of CoPs based on proficiency levels.
Existing studies (e.g., [4]) on global CoPs have focused on the function of inclusion
and links between subordinate communities; however, in this study, learners also
moved to higher communities in accordance with their proficiency levels. The dual
multilayeredness of proficiency and inclusivity facilitates learning across the bound-
aries of CoPs in two ways: network expansion and movement between communities
according to proficiency level. It facilitates learning activities not only between CoPs
but also between organizations and CoPs, and the layered structure of CoPs accord-
ing to proficiency is more effective in building many CoPs within a company and
involving organizational members [2, 4]. Therefore, constructing a multilayered CoP
structure that promotes boundary-crossing learning between formal organizations
can provide a useful perspective on organizational learning.

The first practical implication is the significance of establishing and being a
member of these two types of CoPs. By belonging to either the interaction type or the
networking type, or both, it is possible to avoid the stagnation of learning, such as
ending up in informal gatherings or not becoming proficient, even though exchanges
are expanding. Establishing inclusive CoPs is beneficial beyond connections between
CoPs. Secondly, we recommend establishing a multilayered structure for CoPs.
Although linking different CoPs is important in itself, the formation of an inclusive
community that encompasses multiple communities, and an inclusive community
based on proficiency, can promote boundary-crossing learning between communities
and motivate participants to become more proficient.

Regarding the study limitations, we first acknowledge its limited validity as a
single case study. Although the case study presented in this chapter is suggestive and
contributes to single case studies, it is important to verify its implications with other
case studies, quantitative studies, and so on. Further research and comparative stud-
ies of these CoPs are required.

Nomenclature

CoPs communities of practice
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