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ABSTRACT

Knowledge extraction and visualization is becoming an important research area for the
organizations in order to get and share the knowledge. Most important and useful part of
the knowledge extraction and visualization is dedicated to tacit knowledge.

There are already known methods to acquire the tacit knowledge. Yet, these methods are
mostly general approaches applicable to all the areas in need of tacit knowledge
extraction and become too abstract when applied to a specific domain. One such specific
domain is the requirement specification process for the software project development.
Our own experiences in the area as well as the scientific researches have shown that
Software Requirement Specification (SRS) process has field-specific problems that need
to be eliminated by using the suitable tacit knowledge extraction techniques. For
example, the experts and/or users may not have a clear idea of their requirements. They
may also be technically unsophisticated or have different vocabularies than the software
developers. Benefiting from the existing body of academic literature in the related fields,
as well as co-authors' experience from their domains of practice, this paper aims to find
the concrete methods for extracting the tacit knowledge in the area of software project
development with specific implications for these academic fields and practice domains,
as well as more general suggestions for all related or concerned.

To provide a base for future work, the paper also presents a proposal that aims to develop
a tacit knowledge visualization framework to support know-where requirements of the
organizational knowledge. With the implementation of our framework in a software
application, it is aimed to create a virtual environment, where subject-based knowledge
requirements will be answered by the visualized tacit knowledge of individuals and
possibly the relations among individual members of the organization.
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INTRODUCTION

Tacit Knowledge is “a non-linguistic, non-numerical form of knowledge that is highly
personal and context specific and deeply rooted in individual experiences, ideas, values
and emotions” (Gourlay, 2002:p.2). It is most commonly referred to be -what people
called- “know-how” or “experience” which makes it hard to verbalize, elicit, write down
or extract. On the other hand, tacit knowledge is one of the top demands of the
organizations sought for when they hire people or maintain the current projects.
Therefore, the extraction and visualization of tacit knowledge is an important field not
only for the academic purposes but also for the organizational needs. Accordingly in
general terms, Knowledge Visualization can be defined as the visualization of cognitive
aspects of a subject for the individual perspective. Then Tacit Knowledge can also be
understood as the individual cognitive knowledge, which is hard to explain, and Explicit
Knowledge can be understood as codified, documented knowledge, which is easily
accessible in organizational base.

In the history, there were different visualization techniques, for example the technique
that was given in the study of Dalbello and Spoerri (2006). In nineteenth century, the
books provided the basic tools for visualized information and knowledge. The relations
and visualized information were done through shapes. It can be admitted that in present
there are similar tools, with different perspective of visualization, like given in Boyak et.
al. (2002). The visualization was done like a topographic map. More recently, different
technological applications to support information and knowledge visualizations are
becoming more available. However, in the literature, given knowledge visualization
applications are mostly generic and the given systems stay on a level of visualization
which tries to implement every kind of relations within a general structure, forcing the
researcher away from the real requirements of what is really needed to visualize. Besides,
the given systems for visualization are generally based on mostly data mining tools.
However, having acknowledged that, these systems still stay for the static datasets. Static
datasets can be seen as a good base for explicit knowledge gathering, but they are far
away to be a good answer for tacit knowledge utilization.

Accordingly, how the tacit knowledge structure of the organization could be visualized
with the existing explicit knowledge warehouse of the organizations is the major research
question we have. Whether the visualized tacit knowledge structure could be implacable
to a different organization with a different knowledge structure is another research
question that complements this major one. Furthermore, the extraction of tacit knowledge
especially becomes more challenging, when the software requirement specification (SRS)
is in question. Co-authors’ different experiences in various domains of the Turkish ICT
sector confirms the challenging nature of expert knowledge extraction for SRS.
Accordingly, with this work we also aim to shed light on extraction of experts’ tacit
knowledge for software requirement specification.
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With respect to these definitions, explanations, understandings, questions and aims a
main purpose of this study is to propose an intelligent framework dynamic and
specifiable for visualizing the tacit knowledge structure of the organizations from the
perspectives of individual members and their relationship between each other, and
explicit subject bases. So first of all, it is needed an integrated concept for tacit and
explicit knowledge visualization. Another point that deserves attention is the requirement
of displaying a more dynamic structure. Because our concern is related with the cognitive
content, a dynamic human related approach, and a system that could understand and
guess the tacit knowledge of the organization members is needed.

After this introduction, respectfully, the content of the paper is organized as follows:
Firstly, we will present a brief overview of the theory and related studies of the
knowledge visualization. The next part we make a brief introduction to the general tacit
knowledge extraction methods/approaches that are applicable to the software requirement
specification area. Shortly after, we identify the extraction problems specific to the
software requirement specification by dividing the problems into two categories, namely
User/Expert Based Problems and Engineer/Developer Based Problems. Then we provide
a deeper analysis on each problem and suggest new approaches as solutions while finding
also the general methods that are applicable to solve each problem. Finally, the
information on research design and methodology, as well as the proposed framework
design as the result of the possible execution of the methodology will be provided.

BRIEF OVERVIEW OF STUDIES ON KNOWLEDGE VISUALIZATION

Extraction of (experts’) tacit knowledge is an issue discussed in the literature. In general
terms, Nonaka & Takeuchi (1995) suggest to use metaphors, analogies and models to
externalize tacit knowledge into explicit knowledge, distinguishing these two types of
knowledge and four types of knowledge conversions (Socialization, Externalization,
Combination and Internalization)

In order to support the knowledge extraction, information visualization tends to address
organizing and displaying complex information structures for the cognitive understanding
of the human beings. (Card, Macinlay & Shneiderman, 1999). Meanwhile, according to
Eppler and Burkhard (2004) this concept can be defined as the "use of visual
representations to improve the creation and transfer of knowledge between people". The
cognitive understanding for information visualization then highlights also these more
intangible, tacit aspects as the creation and transfer of knowledge, demanding a combined
concept for information, tacit and explicit knowledge visualization.

When we consider the knowledge visualization tools, most of them concentrates on
Card's definition, visualization on information level (Boyak, Wylie & Davidson, 2002)
(Jurasic & et al, 1998) (Wong & et. al,2006) (Wong & et. al, 2009). On the other hand,
some visualization applications are directly related with explicit-to-tacit knowledge
transformation (Hou&Tsai, 2008).
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Various visualization systems have been used for the purpose of decision support like in
Mansmann and Vinnik (2006). In this study, the main concern was the intrusion detection
in a university gateway. System works on a online analytical processing (OLAP). Most of
the OLAP tools are defined under business intelligence (BI) systems which are also
categorized as decision support systems (DSS). Using OLAP tool under intrusion
detection was an interesting idea, which requires dynamic data analyses, which, in fact,
could be applicable in tacit knowledge visualization. Individual knowledge also evolves
and declines with time, so following up this type of a dynamic structure is required.

After pre-processing of the explicit knowledge warehouse, how we can visualize system
findings can be found, for instance, in the work of Hou and Tsai (2008). In this study,
documentation of the computer assembly procedures are visualized with Virtual Reality
Modeling Language (VRML). The idea is simple, a person can better learn with
visualized aid rather than reading full documentation. With its possible natural language
independency, the study underlines the potential for tacit knowledge visualization.
However, their proposed system is mostly proper for virtualized information, not
visualized ones.

In Dominguez et. al. (2007) study, for the visualization, the system uses a three layer
structure: client, host and data-warehouse layers. Artificial Intelligence is created in the
database layer which is composed of a database and a logic system. Logic system has a
self learning mechanism via artificial neural network that is using Self Organizing Maps
(SOM). This is important, because in the database, according to the gathered data-set
information, these sets are organized by themselves, and with the relationship in each
dataset (in here we can say clusters), they create information maps. The given system was
created for a supervision system which is based on procedural knowledge of a production
environment. However, the study focuses on explicit knowledge, and the tacit, cognitive
part is missing.

SOM can be a basic technique for the construction of the framework. However, there are
always minor possibilities where SOM could fail for visualization. For this reason, other
data mining techniques could be needed, such as K-Means or DBSCAN. In Gupta et. al.
(2010), an unsupervised clustering method is used and for its visualization, especially
DBSCAN is used for creating different clusters.

Studies such as Jurisica et. al. (1998), Wong et. al. (2006) and Hou et al. (2008) then
provide cases that applicability of created frameworks can be observed in various
domains. Sloane (2007) also studied the knowledge that was required for the software
projects. An experiment was conducted based on a framework. In this framework, based
on the requirements of software projects' each step, there could be different knowledge
requirements arising. Actually, this is important because this system is based on the
cognitive knowledge of the individuals. Meanwhile, the study of Herrero (2010) gives us
a knowledge based system. This system is based on the qualitative data of the
organization, and this data is processed through Cooperative Maximum Likelihood
Hebbian Learning (CMLHL) model. Also this study highlights the need of
multidisciplinary study for this kind of study. In Jeong (2010)’s study, visual analytical
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systems are included for the tacit and explicit knowledge visualizations perspectives as a
significant development for visualization studies and applications.

The dataset itself may cause problem with its structure. A dataset comes from a
warehouse could bring redundant data, noise and missing data with itself. When building
relationships, this could cause missing relationship, even worse relationship with loops
which has no connection between other beginning and end of the visualized structure. In
Kang et. al. (2008), a visualization system is used to find and visualize these abnormal
and unexpected structure inside. When it is tried to extract tacit knowledge in explicit
knowledge warehouses, similar problems could arise, and application of this concept
could be helpful to address these problems.

Another important issue is handling the number of relations among entities for the
knowledge visualization to address any possibility in real life. In a given problem
domain, we can accept n as the total number of dimensions that reflects individuals’ total
number of tacit knowledge subjects, m as related dimensions, when problem arises, and k
as number of individuals in the organizations. Then, an optimistic probability could
require k*m (n>m) relationships in a considered subject, meaning the problem domain
shifts to a multidimensional domain, number of which could be really high, and needs to
be decreased. To address this issue of relation decreasing, for instance, least square
projection can be applied. Accordingly, as applied by Paulovich et. al. (2008) it is
possible to decrease these relations by dimension reduction.

Other different works also provide insights and information regarding the development of
a proper methodology to support tacit knowledge extraction and visualization. For
instance, Mercler (2007) reflects upon how the tacit knowledge is diffusing in the
organizations. Although a software based approach is not used, the given data collection
and analysis methods (critical incident technique, cognitive and reflexive interview,
organizational network questioning and participating observations, among others) are
insightful for developing a supportive technology and methodology for visualization of
tacit knowledge in organizations. This also leads us to discussing further the related
issues of extraction methods applicable to SRS process as a specific domain, as well as a
general research methodology and design, as in the next sections.

EXTRACTION METHODS APPLICABLE TO SRS PROCESS

To address the challenging nature of tacit knowledge extraction, also a number of
methods have been developed so far. Yet the problem is there are not many studies to
distinguish between these methods so that they make easier to resolve the area specific
problems experienced while a tacit knowledge extraction is in place. Each problem may
require a different extraction technique to be applied. Some of these techniques are
briefly described in this paper.

First of all, an interview is a face to face discussion between the Subject Matter Experts
(SMEs) who posses the domain knowledge and Knowledge Engineers (KEs) who ask
questions and/or observe the expert solving problems. (Fernandez,Gonzilez &
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Sabherwal,2004) Interviews are simply divided into Unstructured Interviews, Semi-
Structured Interviews and Structured Interviews. A basic one-to-one interviewing
technique, Output-Input-Middle method, is also suggested to be useful for extracting
expert knowledge by KE. (Becerra-Fernandez, et al. 2004, Wu 2007)

*  Qutput: Identify the answers or solutions to the problem under discussion (goals),
focusing on understanding subtle differences between goals

* Input: Identify the sources of information that the expert uses to deduce the
solution/answer, making sure how these inputs are identified, determined, or
generated is known and understood

* Middle: Determine the links between the inputs and outputs that represent the core of
the expert’s knowledge (Some inputs may not be required initially, but may be
requested later after the initial inputs are interpreted and Intermediate
goals/hypotheses may be required to complete the connections)

To complement interviews, other elicitation techniques such as observational elicitation
and role reversal can also be used (ibid), or Capability Review Sessions and
commentary/think aloud problem-solving techniques can be incorporated, when
appropriate. Sometimes, the recordings of the interactions between SME and KE could be
handy, or the facilitation of a mediator between SME and KE could also be necessary.

As a simple tool for asynchronous communication, e-mail can be ranked as an effective
and most important method in terms of knowledge conversion from one to another.
(Harris, 2008) It is also identified as a topmost socialization tool for extracting and
sharing unstructured knowledge. (Dfouni and Croteau, 2004) Email is a preferred since it
reduces the time wasted during the interviews and gives the both sides to get prepared
before the meetings. E-Discussion boards are also known as asynchronous
communication tools which allow its members to post messages, ask or answer the
questions online. E-Discussion boards are found to be useful for sharing beliefs and
mental models of individuals. (Dfouni and Croteau, 2004) They also refer to bulletin
boards or message boards typically.

More systematic tools for visualization can also complement these commonly accepted
methods. For instance, a use case diagram in the Unified Modeling Language (UML) is a
type of behavioral diagram defined by and created from a Use-case analysis. Its purpose
is to present a graphical overview of the functionality provided by a system in terms of
actors, their goals (represented as use cases), and any dependencies between those use
cases. The main purpose of a use case diagram is to show what system functions are
performed for which actor. Roles of the actors in the system can be depicted.
(Wikipedia,2011, Figure 1)
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Figure 1: Example Use-Case Diagram (Wikipedia 2011)

Concept maps are also graphical tools for organizing and representing knowledge. They
include concepts, usually enclosed in circles or boxes of some type, and relationships
between concepts indicated by a connecting line linking two concepts. Words on the line
referred to as linking words or linking phrases, specify the relationship between the two
concepts. We define concept as a perceived regularity in events or objects, or records of
events or objects, designated by a label. The label for most concepts is a word, although
sometimes we use symbols such as + or %, and sometimes more than one word is used.
Propositions are statements about some object or event in the universe, either naturally
occurring or constructed. Propositions contain two or more concepts connected using
linking words or phrases to form a meaningful statement. Sometimes these are called
semantic units, or units of meaning. Figure shows an example of a concept map that
describes the structure of concept maps and illustrates the above characteristics. (Novak
& Canas 2006, Figure 2)

Mind mapping is a quite novel technique for information visualizing. Put more simply,
cognitive maps are a method we use to construct and accumulate spatial knowledge,
allowing the "mind's eye" to visualize images in order to reduce cognitive load, and
enhance recall and learning of information. Also another type called fuzzy mind maps are
available. In this type mind maps have weights between relationships. These weights
represent power of the relationship. (Kosko 1986, Figure 3)
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Figure 2: A sample concept map
Source: Institute of Human and Machine Cognition (2008)

Repertory grids can also be used as a list of specific characteristics of a domain that are to
be evaluated by an expert

* Mathematically: an attribute-value vector,

* Attributes are also sometimes called elements or labels,

* Values can be binary or a range of values,

* A construct is an attribute-value pair (along with the specification of the range, i.e.,
set of allowed values) (Becerra-Fernandez, et al. 2004, and Wu 2007, Figure 4)

Automated tools exploit the idea of repertory grids by trying to help elicit what attributes
are important for the domain, and what range of values the attributes should have.

There are various other simple of sophisticated methods or techniques that can be directly
or indirectly applied for knowledge extraction, However, after this provision of selected
general knowledge extraction and visualization methods, we can now analyze and discuss
how we can address tacit knowledge extraction problems specific to SRS process. The
analysis has benefited from our experience and review of literature (Wikipedia, 2011), as
well as participant practitioner feedbacks from a two-week seminar in Knowledge
Management and Technologies Graduate Class in 2010 in Informatics Institute, METU,
Turkey.
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ELEMENTS 10, CONSTRUCTS 14, RANGE 1-5
PURPOSE: Staff appraisal
StaffmemberNo. 1 2 3 4 5 6 7 8 9 10
1 Intelligent 11 4 5 3 3 5 23 5 Dim
2 Willing 12 45 11 4 31 2 Unwilling
3 New boy 12 3 5 4 4 4 1 4 3 Old sweats
4 Little supervision 3 1 4 5 2 1 5 2 2 3 Needs supervis.
5 Motivated 11 4 5 2 2 5 3 3 2 Unmotivated
6 Reliable 3 22511512 3 Unreliable
7 Mild 3 45 2 2 3 1545 Abrasive
8 Idea person T 1 5 4 2 3 1 3 4 4 Staid
9 Self-starter 2 15 5 1 3 5 3 4 5 Needs a push
10 Creative 1165 5 2 3 4 3 4 5 Uncreative
11 Helpful 4 3 4 2 3 5 1 45 5 Unhelpful
12 Professional 12 3 3 2 1 5 2 4 4 Unprofessional
13 overallratinghigh 2 1 3 4 1 2 5 2 3 4 overall rating lo
14 Messer 2 2 5 4 3 5 1 5 3 1 Tidy
Staff memberNo. 1 2 3 4 5 6 7 8 9 10

Figure 4. A Sample Repertory Grid
Source: Becerra-Fernandez, et al. (2004), and Dekai Wu (2007)
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Tacit Knowledge Extraction Problems Specific to SRS Process

Problems can be analyzed under two main categories which are User/Expert Based
Problems and Engineer/Developer Based Problems. User Based problems are the
problems faced due to the Ilimitations or incapability of the users/experts
(Wikipedia,2011). These problems can be viewed as:

* The users don't have a clear idea of their requirements,
* Some users are technically unsophisticated.

* Communication with the users is slow.

* Users often do not participate in reviews.

On the other hand, there are problems related to Engineers/Developers which makes the
SRS Process inefficient or hard to complete. These kinds of problems can be viewed as:

* Technical personnel and end-users may have different vocabularies. Consequently,
they may wrongly believe they are in perfect agreement.

* Engineers and developers may try to make the requirements fit an existing system or
model, rather than develop a system specific to the needs of the client.

* Analysis may often be carried out by engineers or programmers, rather than personnel
with the people skills and the domain knowledge to understand a client's needs

properly.

The problems and suggestions addressing those problems are discussed in detail, as
below:

1. User/Expert Based Problems
1.1 The users don't have a clear idea of their requirements

A common problem with the users is the degree of their awareness of what they want.
Most of the users do not know what they really need and cannot express their thoughts.
Sometimes, they do not even know that they know. In such cases, more visualization and
face to face sessions are needed. In order to overcome this problem interview method
must be applied, supported with the visual methods such as Concept Maps, Mind Maps
and Use Case Diagrams. In the first meeting (the Kick-off Meeting) the expert(s) and the
engineer(s) will have the chance to explore the domain and they will establish some
ground rules and mutual understanding of expectations. Putting a Capability Review
Session between the first meeting and the second meeting might be a good idea in order
to make the expert to understand the limitations and capabilities of the system. This
capability review session should be supported by use case diagrams and other
diagram/visualization based techniques to make the users have more concrete
understanding of the requirements and the system.

1.2 Some users are technically unsophisticated
Technically unsophisticated users may be a nightmare for the developers/engineers in

some cases. This causes both sides not to understand each other and waste time having

10
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arguments. Since the user is unable to understand what can/ cannot be done, they may be
requesting impossible, or hard and too late to develop characteristics or requirements. In
this case, having a “mediator” who will act as an interface or bridge between the two
sides is a must. The mediator will find a way to establish or improve the dialog between
the parties. The efficiency of the agreement depends on the skills and the experience of
the mediator. However, having a mediator only will not totally address the problem and a
technical review between the meetings might be required to make the user familiar with
the technical side of the task.

1.3 Communication with the users is slow

Another common problem is the rate of the communication between two sides.
Sometimes, especially in large-scale projects, a variety of meetings might be needed. This
may be either due to the scale of the modules to be covered or due to the unresolved parts
in the previous meetings. In order to handle this problem e-mailing will be good solution.
E-mail makes it easier to understand the unclear parts, to get prepared before coming to
the meeting and to have an individual time to work on the parts and respond to the others.

1.4 Users do not participate in reviews

Not having all the necessary people in the meetings is an important problem for SRS
process. The experts are mostly busy people and they usually have too many meetings to
join. This will end up with the absence of the expert in the meeting and will probably
cause to arrange some other meeting in some other time, wasting other participants’ time.
Another obstacle for the expert to join the meeting may be developer/hired company may
be in a different city. In both cases having the required people might not be possible. To
resolve this problem E-mailing, E-Discussion Boards, and/or Tele/Video Conferencing
need to be used. Using any of these methods will reduce time wasted by the participants.

2 Engineer/Developer Based Problems
2.1 Technical personnel and end-users may have different vocabularies

It is a common problem that users and technicians using different languages. In most of
the cases, users don’t understand technicians’ vocabulary and technicians don’t know
users’ domain. There are some methods to solve this issue. First of all a mediator who
have information about both sides would be very effective. Also in semi structured
interviews, technical team and users learn each other’s languages. For a productive
interview, technical team should make a domain research before meeting. The main
problem of research is distinguishing which term/knowledge is important and which is
not in the domain. We suggest using tag clouds (Wikipedia,2011) as a special
mapping/visualization tool to handle this issue. A tag cloud of the domain will represent
important terms of the domain.

Collaborative mind mapping would be another method for mediation of user and
technician. When they try to create a mind map together they will understand each other’s

11
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point of view. Teach-back methodology (Epistemics, 2003) can also be our final
suggestion for this problem. In this method domain expert (end-user) comments on what
the engineer describes about the learning of previous sessions. Thus engineer could
correct misunderstandings.

2.2 Engineers and developers may tend to fit to an existing model rather than a new
specific product

To summarize this problem, “if you have a hammer everything starts to seem like a nail”
could be said. Sometimes assimilating one problem to another solved one might be
helpful. But if they are not really similar, lots of time will be wasted for wrong analysis.
Commentary/think aloud problem-solving technique could be a solution for this case.
When engineer thinks aloud user/domain expert could correct his/her assumption about
the problem. One drawback of this solution is cognitive overload on user. To overcome,
off-line reporting using a recordable media (video, etc.) could be used.

Also observation technique can be used to understand real process in domain. In
observation technique engineer observes the expert and take notes while they perform the
tasks. This technique could also be supported with video recordings.

RESEARCH METHODOLOGY AND DESIGN FOR DEVELOPING
FRAMEWORK PROPOSAL

While we exemplify the importance of extracting experts’ knowledge with respect to SRS
domain above, we aim to develop a general framework that can be used for tacit
knowledge extraction from the explicit knowledge structure of the organizations. The
requirements for the framework development are determined with the methodology. Two
basic types of knowledge, tacit and explicit, are then important for our research
methodology.

Basically tacit knowledge is considered as the knowledge of individuals who are not sure
what knowledge they posses (Polanyi, 1966). Ernst and Kim (2002), identifies four types
of tacit knowledge in addition to the tacit and explicit knowledge types by Polanyi
(1962).

1. Embodied knowledge refers the type of tacit knowledge that may become part of the
human body as skills.

2. Embrained knowledge refers the type of tacit knowledge that may become part of
human being as coginitive capacity.

3. Embeded knowledge refers the type of tacit knowledge that is routinized in
organizational practice.

4. Encultured knowledge refers the type of tacit knowledge that is inculcated in the
organization as basic assumptions as beliefs and norms. (cited from Durukan &
Pamukgu 2011)

12
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Also, knowing where or who could posses the required knowledge lead another tacit
knowledge of other individuals. In here it is needed to show individual's relationships
with other individuals in the organization. This leads to a qualitative approach for the
research (Cresswell, 2009). On the other hand, when organizational hierarchy and
procedures related with the internal organizational explicit knowledge are considered to
understand numerical descriptions, trends, attributes of individual members and
generalize findings to the whole organization it, a quantitative approach will be required
(Cresswell, 2009).

The qualitative and quantitative part of this research leads to a mixed methodology.
Accordingly, triangulation design can be applied (Cresswell, Clark, & et. al, 2003) to
obtain different perspectives of the organization and use these perspectives to gain
complementary data (Morse, 1991). Under the triangulation design, the convergence
model can be applied for supporting the flow of qualitative and quantitative parts
together. Accordingly, the below figure (Figure 5) illustrates the flow of this study.

Decide
L organization L
N Qualitative Quantitative PN
- Part Part h

. N\ i
— | qual — - quan .
data data
collection collection

understanding qual

quan understanding
tacit data Historical Research, Survey Research, data explicit
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Test with new
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Decide
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Figure 5. Flow of Study

This figure could actually be divided into three phases. First Phase will be started from
deciding the organization and will be end with the development of an application. Second
Phase will include developing application and testing it with current organization. Third
Phase is to continue further tests with other organizations.

13
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Phase 1: Decide and Collect

This study will be started with the selection of an organization. In the defined
organization at least five primary functions must be established inside. These functions
are human resources, accounting and/or finance, strategy decision, information systems,
and main function as defined by mission and vision statements of the organization.

After deciding the organization, to understand tacit and explicit knowledge structure, a
sequential flow will be required. Accordingly, first of all, "Historical Research" will be
conducted on organization and department-related documentations. This research will
give us the possible source of procedural and hierarchical structure and possible explicit
knowledge warehouses of the organization. This will lead to the comprehension of the
departmental structure of the organization that will help to decide main departments. For
collecting quantitative data of the defined departments, "Survey Research" to the
management will be conducted. Then a sample of the department will be selected and
"Ethnomethodology Research" will be conducted on them. With the result of "Historical
Research" and "Ethnomethodology Research", the data will be brought together, giving
the qualitative data. For this phase the suggested instruments could be given as the
following table (Table 1)

Table-1 Research Type and Basic Instrument
Research Type Main Explanation
Instruments
Historical Research Documents The documents related with the organization will give the

explicit and tacit information related with organization. For
the documentation, the internet documentation related with
organization, inside organizational documentation and
internal information system that is used for knowledge
storage, sharing and creation will be included in this research.

Ethnomethodology Interview and To understand the individuals’ understanding of the explicit
Research questionnaire knowledge of the organization and how they include their
and tacit knowledge to this structure will be examined based on
observation their daily activities. Interviews and specifically prepared

questionnaires will be implemented.
Survey Research Interview and To understand what the related department do and bring main

questionnaire explicit knowledge subject into the ground interviews and
questionnaires will be implemented to the management
personnel of the department.

The collected data will define the structure of the framework. And this framework will be
implemented in the application. The details are given under the second phase.
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Phase 2: Build the System and Check Internal Validity and Reliability

This phase corresponds two sub-phases, building the system, and checking its internal
validity and reliability. A candidate framework will be visualized in a software base, as
illustrated in Figure 6.

After the data analysis are concluded, the results will provide the first artificial neural
network structure which is called explicit subject extraction/inclusion engine. To train
this engine, the explicit knowledge structure of the organization will be used.

The dynamic tacit knowledge structure will be created with the information of individuals
such as education, family and previous work experiences. The tacit knowledge extraction
engine will be used to create and structure subject-based or individual-based tacit
knowledge clusters. Here, because of the possible delay/decay of the individual
knowledge, the tacit knowledge structure requires to be updated by this engine.

Tacit knowledge visualization will use the data created by the tacit knowledge extraction
engine, and will be displayed based on subject or individual relational base. Formal
organizational knowledge visualization will depend on explicit subject
extraction/inclusion engine. This will be used to visualize formal structure of the
organization, and compare the explicit structure with the tacit structure.

i)

TacitKnowledge Formal Organizational Questionnaire
Visualization Knowledge Visualization Interface

TacitKnowledge Explicit
Structure Knowledge
Structure

Figure 6. Tacit Knowledge Visualization Framework
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Table-2 Framework Components and Main Instruments

Component Main Instruments Explanation

Subject and Least Square The number of dimensions could be more than 3, so to

Individual Projection* visualize the related tacit knowledge or tacit knowledge with

Relational Based the explicit knowledge relationship it will require projection

Tacit Know. Self Organized Clustering tacit knowledge according to given subject or

Visualization Maps individual knowledge could require self organized maps

Tacit Know. Data  Extraction/ From the subject extraction/inclusion, data structure of the

Extraction Inclusion/Update tacit knowledge structure will be extracted/included and

Engine updated according to requirement

Formal K-Means According to distances between explicit subject distances to

Organizational Clustering the related subjects and organizational structure, the explicit

Knowledge knowledge and subject will be visualized

Visualization

Explicit Subject Data  Extraction/ From the given questionnaire results, explicit knowledge

Extraction/Inclu  Inclusion/Update structure will be able to extract, include or update, when it is

sion Engine needed. Also the main subjects are determined inside of this
structure.

Questionnaire Online After first collection of the survey and interview, the updated

Interface Questionnaire version of the questionnaire will be uploaded and individuals

will be able to access.
*For tacit knowledge visualization, a preparation stage will be required so that this least square projection method could be developed
and used as one of the system module.

For the internal validity and reliability testing of the system and the validity of the
questionnaires, an external interface will be created for the remaining members of the
organization. (The initial sample of members was used in the first phase to collect
qualitative and quantitative data). Reliability will be measured through re-sampling of the
first group who will be asked to fill the questionnaires again from the computer interface.
Using the whole first sample or just a part of it will be defined, after testing of the system.
For this phase, the instruments for the each component could be given as Table 2.

Phase 3: Decide to Go on or Return to the Beginning

If the framework is visualized as expected, the test of the external validity will start with
the existing application. If not, it is required to update the questionnaires and test it until
an internally valid and reliable framework can be built.

Within this challenging mixed methodology, and after the completion of these phases of
research, we can summarize the research questions and possible answers that will come
with the proposed framework as the Table 3. In order to address these questions, this
paper has first presented a brief overview of the theory and related studies of the
knowledge visualization. Then, the information on research design and methodology, as
well as the proposed framework design as the result of the possible execution of the
methodology has been provided. As a result, an intelligent framework dynamic and
specifiable for visualizing the tacit knowledge structure of the organizations from the
perspectives of individual members and their relationship between each other and explicit
subject bases has been proposed.
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Table 3. Research Questions and Possible Answers' Sources

Research Question Possible Research Answer Source
How the tacit knowledge structure The historical data on the organizational documents and the
of the organization could be given Information System infrastructure of the organization
visualized with the existing explicit will reveal the explicit knowledge structure. With the
knowledge  warehouse of the inclusion of Ethnomethodology Research data the existing
organizations? tacit structure inside the explicit structure will be visualized
or mapped
How reliable the predetermined If the main subjects of the organizations are properly
formal organizational structures are, visualized with the existing tacit structure, it will give the
when the informal structure of the reliability value of the organization's formal structure.
organization is considered?

CONCLUSION

The content of the paper has been organized as follows: First, we have made a brief
introduction to the general knowledge visualization, as well as tacit knowledge extraction
methods/approaches that are applicable to the software requirement specification area.

Then, we have identified the extraction problems specific to the software requirement
specification by dividing the problems into two categories, namely User/Expert Based
Problems and Engineer/Developer Based Problems, providing a deeper analysis on and
suggest solutions to each problem. While we have tried to identify new approaches as
solutions to existing problems, we have also found useful certain general methods as
applicable to solve specific problems in different domains. However, these methods and
problems are not mutually exclusive, or suggested methods and experienced problems do
not necessarily match. It should then be acknowledged that sometimes just common sense
and simple tools could work, and it is always good to allow certain buffer space and time
for sorting out misunderstandings and conflicts that could arise between SMEs and KEs,
among whom committed and trusted interaction is important. Accordingly, most of the
discussed methods and problems, as well as other new ones can also be found in different
domains’ of literature, which can be revealed by future research on reviewing academic
and practitioner literature.

We should also note that this paper mainly reflects co-authors’ subjective experience and
analysis. We aim to apply the results of this paper to our own practice. We also believe
these results and findings would be useful for others that study practitioner experience or
academic literature on tacit knowledge extraction of experts for SRS or related topics.

Finally, the information on research design and methodology, as well as the proposed
framework design as the result of the possible execution of the methodology has been
provided. For future work, questions such as how reliable the predetermined formal
organizational structures are, when it is considered the informal structure of the
organization, as well as whether the informal structure of the organization could be
visualized with the social network hierarchy could also be considered. An application into
a suitable and feasible small or medium enterprise could also be suggested for an initial
test of the framework.
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