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ABSTRACT

Requirements engineering (RE) is an integral and fundamental part of software development life cycle (SDLC).
The most cited reason for software failure is the inability to fully capture and implement the exact user requirements in a
timely, operationally and financially expected manner. Requirements can be categorized into two types; explicit and tacit.
Explicit requirements usually expressed clearly and well-identified requirements in which the system must perform. In
contrast, tacit requirements are considered as hidden or embedded requirements that incapability of getting such may
caused a software failure. The importance of tacit requirements in requirements engineering (RE) has been acknowledged
widely as characteristics for developing projects in software engineering (SE). Therefore, the aim of this paper is to
construct a framework for tacit requirement elicitation process. The framework is design based on the integration of the
tacit knowledge elicitation process of Nonaka and Takeuchi model with the tacit requirements elicitation process.
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INTRODUCTION

Software development life cycle (SDLC) is a
human oriented practice, wherein different actors
collaborate in identifying and defining a problem, which is
also complemented with further assessment and
implementation of pertinent solution. Irrespective of the
SDLC approaches, the foundation for every SDLC is the
requirement engineering (RE) phase. Requirements
engineering is the most important area of software
engineering and possibly in of the entire software life
cycle as the failure in this stage may incur high cost to the
project [1]. Reference [2] stated that “everything else in
software development depends on the requirements. If you
cannot get stable requirements, you cannot get a
predictable plan”. As the most important phase in software
engineering (SE), RE consists of sub-activities such as
feasibility studies, elicitation, specification and validation
of software requirement, which control the real-life
implications of the software in terms of functionality and
limitations [3, 4, 5]. In order to ensure the successful of
the software development, requirements elicitation process
is applied with an intensive method for eliciting both tacit
and explicit requirements. Despite clear demarcation on
the types of requirement and commitment towards careful
elicitation of requirement, most software development
projects still end with lack of satisfaction [1, 6, 7]. Since
the primary source of requirements is users’ needs,
perceptions and expectation, which are mostly held in their
brain, thus, the requirement engineer’s ability in getting
such requirements explicit is a major determinant of
success, which certainly requires suitable requirements
elicitation process that can help in gathering a complete
and clear requirements either its explicit or tacit
requirements. Explicit requirements usually expressed
clearly and well-identified requirements in which the
system must perform. In contrast, tacit requirements are
considered as hidden or embedded requirements that
incapability of getting such may caused a software failure
[8]. Here, we focus on the process of tacit requirements

elicitation. The aim of this work is to construct a
framework to elicit tacit requirements. The framework is
design based on the integration of the tacit knowledge
elicitation process of Nonaka and Takeuchi model [9] with
the tacit requirements elicitation process. Figure-1 shows
the general research methodology of conducting the
research.
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Figure-1. Steps of conducting research.

REQUIREMENTS ELICITATION

Requirements elicitation is the process of
gathering information of the proposed systems and
distilling the user and system requirements. It’s specifies
the system boundaries and identifies the functional
behavioral properties of a system [10]. Requirements
elicitation is the specific processes of gathering,
determining,  extracting, or  exposing  software
requirements [11]. Requirements can be categorized into
two types; explicit and tacit. Explicit requirements usually
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expressed clearly and well-identified requirements in
which the system must perform.

In contrast, tacit requirements are considered as
hidden or embedded requirements that incapability of
getting such caused serious problems [8]. Concerning on
software quality, both requirements explicit and tacit
should be included in the process of software
development, if the explicit requirements included and the
tacit requirements neglected, then the quality not
guaranteed to meet users' satisfaction [12].

TACIT REQUIREMENTS

Tacit requirements are defined as (1) hard to
express, convert, communicate and share; (2) often related
to application domain; (3) describe as users’ tacit
knowledge; (4) are experiential knowledge which
developing team accumulates step by step in practice
during a long period of time; (5) are hard to encode and
articulate; (6) can be expressed hazily and crudely” [13].
Many techniques, tools and methods for requirement
elicitation don’t support the elicitation of tacit
requirements in direct way or they may act as
complementary to each other. All in all, tacit requirements
elicitation process without effective knowledge conversion
is strongly determined to fail [13]. Project failure is mostly
an outcome of the challenges associated with the clear
articulation of user’s personal knowledge and expectation
in the requirement specifications [14, 15].

DEFINITION OF TACIT REQUIREMENTS

The characteristic of “tacit requirements” is
defined as [16] "Tacit Requirements are inexplicit
requirements that are not directly expressed or captured
but are essential to meet System's goal. They are
something that is assumed to be "there". One example
adopted from [16] illustrates the missed “tacit
requirements” which had a negative impact on their
project as showed below. Explicit requirement 1: A
Publisher should be able to create an Article, send it for
approval and finally publish the Article on the portal.
Explicit Requirement 2: A Portal user should be able to
search Articles published on the Portal.

After finishing the system development, it was
realized that the system was created to meet both
requirements where the author could create and publish an
article and the end user was be able to search the articles
by using the search functionality. But unfortunately, the
search displayed those articles which were in draft or still
under approval. Tacit requirement of this example
supposed not to display the articles which still in draft
state or under approval.

KNOWLEDGE MANAGEMENT (KM)

Knowledge management in general is about the
efforts that have to be applied to capture, store and deploy
knowledge using IT to facilitate business process in the
organization [17]. The central idea of KM is that the work
efforts to create, codify and share valuable knowledge to
the organization [18]. Reference [19] classified knowledge

management as "a systemic and organizationally specified
process for acquiring, organizing, and communicating
both tacit and explicit knowledge of employees so that
other employees may make use of it to be more effective
and productive in their work". Besides, [20,21] declared
that, the main key point of knowledge management is to
capture tacit knowledge which is considered as individual
knowledge and convert it to explicit knowledge, in order
to complete the rest of the stages of knowledge
management. Also, the most beneficiary from knowledge
management is software engineering, because it is based
on the use of knowledge-intensive [22].

Despite of existence of several models for
knowledge creation in knowledge management, yet
Nonaka's knowledge management model SECI is one of
the top models that used to achieve its task and it approves
that it is a correct model of representation of knowledge
conversion in the process of introducing organizational
changes [23]. This model is widely accepted as knowledge
conversion model that was explored by [9], in which, its
process encompasses four modes as socialization,
externalization, combination and internalization (SECI)
each mode of knowledge transfer operates differently as
shown in Figure-2 [24, 25, 26]. Through socialization
mode tacit knowledge is transferring among individuals by
imitation, observation, sharing experience, working
together as team and direct interaction, but externalization
mode aims to be as dialogue, collective reflection and
analogy involves transferring tacit knowledge to
documents or procedures. One purpose is to articulate self-
knowledge in images, ideas and words, the second purpose
is to eliciting and translating tacit knowledge to
understandable forms (explicit knowledge),and therefore,
dialogue is very important means for both. Continuously,
combination mode  reconfigures objects of explicit
knowledge through sorting, adding, combining, and
classifying processes which considered as explicit-explicit,
once the knowledge became explicit it can be transferred
to process which Nonaka calls combination. Lastly,
internalization operates to translate explicit knowledge to
tacit knowledge that possessed by individual, also,
internalization is the process of understanding and
absorbing explicit knowledge to tacit knowledge held by
the individual and internalization is largely considered as
experiential.

Dialogue

Sovialization Externalization

Linking
Explicit
Konwledge

Field
Building

Combination

Internalization = | -

Learning by Doing

Figure-2. The process of SECI model [9].

573



VOL. 10, NO. 2, FEBRUARY 2015

ISSN 1819-6608

ARPN Journal of Engineering and Applied Sciences

=
©2006-2015 Asian Research Publishing Network (ARPN). All rights reserved. w

www.arpnjournals.com

Based on the intensive literature review, tacit
requirements have similarities with tacit knowledge, where
both are considered as "hidden known" and difficult to
articulate because they reside in human’ brains and they
need an effective method in order to elicit both in perfect
way. In view, we can see the similarities between the
process of capturing tacit knowledge in organizations, and
the process of eliciting tacit requirements in software
engineering. This paper focuses on the incorporation of
knowledge management in requirements engineering by
proposing framework to enhance the process of eliciting
tacit requirements in the field of software engineering.
Table-1 illustrates the similarities between tacit knowledge
and tacit requirements.

Table-1. Tacit requirements and tacit knowledge
similarities.

Tacit requirements Tacit knowledge

e Tacit requirements are hard to
express, convert, communicate
and share.

e Tacit requirements are often
related to application domain

e Tacit requirements are often
users’ tacit knowledge.

o Tacit requirements are
experiential knowledge which
developing team accumulates step
by step in practice during a long
period of time.

e Tacit requirements are hard to
encode and articulate [13].

» Tacit knowledge is difficult
to articulate.

o Tacit knowledge is
subjective and personal

knowledge [27].

o Tacit knowledge is “a non-
linguistic, non-numerical

form of knowledge” [28].

o Tacit knowledge or self-
knowledge is based on
experience and cannot be
expressed in words,
sentences, or numbers.

Therefore,  incorporation  of  knowledge
management into requirements engineering for the
purpose of tacit requirements elicitation takes place in this
study as the way of the incorporation illustrated in Figure-
3. Furthermore, the incorporation meant that, the
mechanism of Nonaka’s model will be adopted in the
process of the proposed framework with the exception of
the last mode of Nonaka’s model which s
“Internalization” because in its process it converts explicit
to tacit, and this framework does not intend to represent
that, it stops in particular stage where the tacit
requirements became explicit.

Requirements i Knowledge
Engineering Incorporating Management
I KM in RE TT
Requirements Knowledge
Elicitation Acquisition
Tacit “Hidden known™ Tacit
Requirements - Knowledge
Elicitation Similar Process Acquisition
My view l
Adoption of SECI
mechanism

Figure-3. The way of incorporating KM in RE.

TACIT REQUIREMENT ELICITATION
FRAMEWORK

Dealing with the process of tacit requirements
elicitation is much like the process of tacit knowledge
elicitation. The process of tacit knowledge elicitation is
normally refers to knowledge management (KM). Since
the process of eliciting tacit knowledge and tacit
requirements are somehow similar as both dealing with
human, we adapted the process of knowledge management
in requirement engineering to improve the tacit
requirement elicitation process. We illustrate our
framework as shown in Figure-4. Our framework
considered the human mind, behavior and perception
throughout the elicitation process.

This framework has three stages that resemble the
process of Nonaka and Takeuchi (1995) model. As
mentioned above, we exclude the final stage of Nonaka
and Takeuchi (1995) model [9] as our objective is to make
the tacit requirements explicit. The criterion which was
adopted for the selection of these particular stages, is that
the meaning of each stage allows to perform specific task,
for instance, feasibility study is to perceive and understand
the environment of the desired project and to share
experience (tacit to tacit), requirements definition stage is
to define the requirements based on the understanding of
the feasibility study that its necessity to reflect the
performance of the software in matter of what the system
must do (tacit to explicit), and requirements prioritization
stage is to determine the importance level of the
requirements that have been summarized during the
definition stage (explicit to explicit).

Tllustrative
TFeasihility Study

Concepts I::} T;:l:i:u

—
Requirements | Intelligible ——)

Definition
—

Tacitto
Explicit

Ambiguous

\
Requirements | Convenient )

Prioritization

| —

Explicit to
Explicit

Inadequate

Agreed Tacit Requirements

Incomprehensible & Ambiguous Requirements

Figure-4. Structure of the framework.

ILLUSTRATIVE FEASIBILITY STUDY STAGE

The first stage provides some process of
understanding the project environment and to share tacit
knowledge among users, stakeholders and requirements
engineers (analysts) which allows the establishment of the
objectives and goals through observing users, gathering
users and meet them individually or in groups. Based on
some authors’ recommendations of combining several
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techniques as mentioned earlier, ethnography, focus group
and interviews are initial process of understanding and
perceiving the concepts of what must be accomplished in
the other stages of the elicitation process.

For instance, ethnography technique provides
observation that allows requirements engineers to
understand the behavior and the patterns of culture context
and social factors where the desired project is going to be
deployed. Also, focus group gathers users to share
experience that generates new suggestions which support
the concepts obtained from using ethnography technique.
While interviews act as provider of verbal exchange of
information which derived from face to face discussion
and brainstorming. Moreover, interviews technique
reaches those users who were not able to attend focus
group meetings. By doing that, opportunities to discuss
non-functional requirements such as business objectives,
cost, timescale, reliability and environmental constraints
will take a place. Figure-4 illustrate the first stage of the
framework.

Here, the first stage of our framework is
considered as same as socialization mode of Nonaka’s
model that generate tacit-tacit knowledge. Typically, the
different problems domains normaly require different
techniques [29] and beside that we will reach groups of
people where requirements engineers understand more
about the stakeholders' world, while stakeholders learn
more about what is technically possible and feasible.
Furthermore, this stage also aims to collect sufficient
information to identify the problem boundaries (What
problem?), understand the problem domain (Where is the
problem?), identify the stakeholders (Whose problem?),
identify the stakeholders’ goals (Why is problem
interesting?), visualize some scenarios (How might
software system help?), identify constraints (When does
problem need solving?) and to identify feasibility and risk
(What might prevent us solving it?). As result, capturing
tacit requirements is a task that comes after understanding
users need, analyzing culture context and social factors.
Lastly, instead of seeking for methods or techniques that
would help in the process of absorbing or visualize a
project environment, this stage was designed to allow the
analyst to easily understand the environment. Table-2
summarise the process of stage 1 of the framework.

Table-2. Summarization of stage 1.

Feasibility Study

Domain information and cumulative
Input knowledge possessed by requirements
engineers

1. Record information for project aspects;
2. Organize these aspects into points relatedly;

Process 3. Raise these aspects with users; and
4. Write down their feedback and suggestions
properly.
Output | Raw requirements as plain text in significant
guantities

;l Observation
Ilustrative Ethnography

feasibili Sharing
asiotlity Focus group experience
study
Interviews Face to face
discussion

Figure-5. Illustrative feasibility study process.

REQUIREMENTS DEFINITION STAGE

After the requirements engineers (analysts)
established the initial understanding of the project through
the first stage of the framework, then during this stage
there will be some process to define requirements which
pointed out as raw requirements. This stage is based on
dialogue which required meta-cognitive tools such as
probing, metaphors and storytelling that their nature is to
discuss variety of issues and viewpoints (solutions). Also,
requirements definition stage is the process of articulating
tacit requirements into explicit concepts which means
making “unknown known”. Besides that, negotiation
process will take place for requirements definition stage
because in the process of identifying the accurate
requirements to develop such a system, conflicts are
common, since stakeholders often pursue mismatching
goals. Getting agreements among stakeholders who have
different concerns, responsibilities, and priorities is quite
challenging. Therefore, negotiation is useful to handle the
conflicts and to resolve disagreement between the
stakeholders. A part of achieving agreement, the
requirements are believed to be improved in quality.
Figure-6 shows the process of requirements definition
stage. Table-3 summarise the process of stage 2 of the
framework.

Requirements definition

4_7

Meta-cognitive tools

Metaphor Storytelling

L 2
Negotiation

Figure-6. Requirements definition process.
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Table-3. Summarization of stage 2.

Requirement Definition

Those raw requirements as plain text in
Input | significant quantities derived from feasibility
study stage.
1. Deep elaborations of those aspects till
infer the hidden requirements
List of tacit requirements which are very
intelligible and refined.

Process

Output

REQUIREMENTS PRIORITIZATION STAGE

Requirements prioritization is based on doing
which punctuated by concrete actions, the stakeholders are
asked to classify priorities of their requirements and then
confer conflicts in priority. The goal of prioritization is to
provide opportunities for drawing the process of the
project and to determine the priorities as hierarchy. The
process of prioritization of requirements is often a
negotiation process among users, stakeholders and
developers that based on iterative and incremental basis.
For instance, the involved participants have to concentrate
on those requirements that are might be used in the current
or next release and those requirements that are in the
intermediate priority which is most likely required
negotiation. Therefore, the prioritization of requirements
requires only two main steps to accomplish this stage, for
instance, categorization and systemization. Categorization
step is the process of identifying requirements in terms of
high, medium or low from the perspective of stakeholders,
and these processes would be done through the use of the
scaling category as described in Table-5. After that the
configuration will take place to emphasize the final
version of the requirements that passed through the two
previous stages. As for the process of requirements
systematization, requirements will be included through the
use of a scale that determines the importance of the
requirement from the point of essential, conditional or
optional (as shown in Table-5), including consensus that
the opinions of the participants will be taking once again
on the requirements that have been measured in the
previous phase to increase the awareness among them.
Figure-6 depicted the process of the prioritization stage.

The two steps of the prioritization stage are
almost carrying the same meaning of gaining an
agreement among all participants regarding the level of
importance of the requirements. Also, they aim to
structure the requirements and prepare the execution of the
prioritization. It is important at this stage, that the two
steps must be subjected to two typical three-level scales as
shown in Table-5, to achieve the intended results and, to
determine priorities by stakeholders. Basically, all scales
are essential and subjective, so that everyone involved in
requirements prioritization must agree on the each level of
the scale that been used to facilitate the prioritization [30].
Table-4 summarise the process of stage 3 of the
framework.

Reauirements

Categorize |:>| Configuration I
Systemize |:>| Consensus I

Figure-7. Requirements prioritization process.

Table-4. Summarization of stage 3.

Requirement definition

Inout List of tacit requirements which are very
P intelligible and refined.
1. post the requirements to obtain the actual
Process . .
desire directly from targeted users
Output Hierarchy of requnfeme_nts based on the
users' desire

Table-5. Two typical three-level scales.

Scale Description
A mission critical requirement; required
for next release
Supports necessary system operations;
required eventually but could wait until a
later release if necessary
A functional or quality enhancement;
Low would be nice to have someday if
resources permit
The product is not acceptable unless

High

Medium

Essential these requirements are satisfied
. Would enhance the product, but the
Conditional : :
product is not unacceptable if absent
Optional Functions that may or may not be

worthwhile

CONCLUSION AND FUTURE WORK

As we have seen, tacit requirements contributes
as major pillar of software development which eventually
fulfills the needs of the stakeholders and avoids any
possibility of failure. Unfortunately, as it mentioned above
tacit requirements are difficult to be articulated, elicited
codified. Meanwhile there is no sufficient or an ideal way
to accomplish the process of tacit requirements elicitation,
and therefore, it is imperative to put more efforts to reach
a certain technique through which the process of tacit
requirements elicitation performed in the required manner.
Here, this work presented a framework to elicit tacit
requirements by adopting the knowledge management
framework i.e., Nonaka and Takeuchi (1995) model [9].
Our framework focuses on making the tacit requirements
explicit. For future works we will evaluate the framework
by expert reviews questionnaire and case study.
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